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(57) Abstract: Systems, methods, and instrumentalities are disclosed to determine access control and channel and signaling priority.
A wireless transmit/receive unit (WTRU) may comprise a processor configured, at least in part, to determine device-to-device (D2D)
data to be transmitted. The WTRU may determine if the D2D data may be transmitted. The WTRU may determine available schedul -
ing assignment (SA) resources used for priority based D2D data signals. The WTRU may select one or more available SA resources
used for priority based D2D data signals. The WTRU may transmit the D2.D data, wherein the D2D data may be transmitted on the
selected SA resources.
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BEVICE-TO-DEVICE (D2D) PRE-EMPTION AND ACCESS CONTROL

CROSS-REFERENCE TO RELATED APPLICATIONS

[8081] This application claims the benefit of U.S. Provisional Patent Application
No. 62/334,1 15, filed August 6, 2014; U.S. Provisional Patent Application No. 62/144,132, filed
April 7, 2015; and U.S. Provisional Patent Application No. 62/161,108, filed May 13, 2015, the
disclosures of all of which are hereby mcoerporated by reference as if fully set-forth herein in

their respective entirety, for all purposes.

BACKGROUND

16662} Device-to-device (D21 communications may be utifized for various
purposes, such as public safety communications. D2D communications may be associated with
standardized technologies, sach as LTE, IEEE, ete. In LTE systems, access control and/or

priority handling may be used to arbitrate access fo and/or usage of wireless resources by

terminals.
SUMPMARY
[B083] Systems, methods, and instrumentalitics are disclosed to determing access

control and chanmel and signaling priority. A wireless transmit/receive vnit { WTRU) may
comprise a processor configured, at least in part, to determine device-to-device (D2D) data to be
transmoitted. The WTRU may determine if the D2D data moay be transmitted. The WTRU may
determine available scheduling assignment (SA) resources used for priority based D2D data
signals. The WTRU may select one or more available SA resources ased for priority based D2D
data signals. The WTRYU may transmit the DZD data, wherein the D2D data may be transmitted

on the selected SA resources.
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16604} The WTRU may be configured to select the available SA resources from a
preconfigimred set of SA resources. The WTRU may be configured to receive configuration
signaling and/or determine the avatlable SA resources from the received configoration signaling.

[8085] Embodiments contemplate priority reception and/or transmission for D2D
relays, for example. Embodiments conteniplate signaling for usage of (e.g., guaranteed)
segregated resources.

8086} A wireless transmit/receive unit (WTRU) may comprise areceiver. The
receiver may be configured to receive an allocation of onc or more radio resources for one or
more scheduling assignments (SA). The WTRU may comprise a processor. The processor may
be configured to determine a first frequency domain SA (FD SA) pool. The first FD SA pool
may inciude one or more SA allocated for at least one of a first priority device-to-device (D2ZD)
transoussion. The processor may be configured to determine a second FD SA pooel. The second
FD SA pool may inclade one or more SA allocated for at least one of a second priority D2D
transmission. The WTRU may comprise a transmitter. The transmitter may be configured to
send the at least one first priority D2D transmission using at least one radio resource for the one
of more SA from the first FD SA pool. The iransmiiter may be configured to send the at least
one second priority D2D transmission using at least one radio resource for the one or more 5A
from the second FD SA peol

{68471 A wireless transmit/receive unit (WTRU) may be capabie of dovice-to-device
{D2D) commumication. The WTRU may comprise areceiver. The receiver may be configure
to receive at least one of: a first DZD channel or a first D2D signal. The WTRU may comprise a
processor. The processor may be configured to determing if at least one of! a sccond D2ZD
channel or a second D2D signal is to be transmitied while the at least one of: the first D2D
chanmel or the first D2D signal is being received. The processor may be configured to deternune
a relative priority between the at least one of: the first D2D channel or the {irst D2D signal, and
the at least one of: the second D2D channel or the second D20 signal upon determining that the
at least one of! a second D2D channel or 2 sccond D20 signal is to be transmiticd while the at
least one of: the fivst D20 channel or the first D2D signal is being received. The processor may
be configured to determine a number of D20 subframes to be used for receiving which of the
first D2D channel or the first D2D signal, or the second D2D channel or the second D2 signal
has the higher relative priority.

{6608} A wireless transmit/receive unit {WTRUY may be capable of device-to-device
(D20 communication. The WTRU may comprise a processor. The processor may be

configured to determoine fo fransmit a pre-cmption indication. The processor may be configured
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to determunge to fransmit the pre-cmption fndication via a scheduling assigmment (5A). The
WTRU may comprise a fransmitter. The transmitter may be configured to send the SA as part of
a control signal to another WTRU capable of D2D communication.

[8069] A wireless transmit/receive unit (WTRU)Y may comprise a receiver, The
receiver may be configured to receive an allocation of one or more radio reseurces for one or
more scheduling assignments (SA). The WTRU may comprise a processor. The processor may
be configured to determine a first SA pool. The first SA pool may include one or more SA
allocated for at least one of a first priority device-to-device (B2D) transmission. The processor
may be configured to determine a second SA pool. The second SA pool may include one or
more SA allocated for at least one of a second priority D2D transmission. The processor may be
configured to comapare a number of first priority scheduling cccurrences associated with one or
more rescurces for the one or more SA of the first SA pool to a threshold. The WTRU may
comprise a transmitter. The transmitter may be configured to send the at least one first priovity
D2ZD transmission using at least one radio resource for the one or more SA from the first SA pool

upon the number equaling or exceeding the threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

18616} A more detailed understanding may be had from the following description,
given by way of example in conjunction with the accompanying drawings.

166113 FIG. 1A is a system diagram of an example communications system in which
one or more disclosed embodiments may be implemented.

{8012} FIG. 1B is a systom diagram of an example wircicss transmit/receive unit
{(WTRU} that may be used within the comwnunications system Hustrated in FIG. 1AL

8013} FIG. 1C is a system diagram of an example radio access network and an
cxample core network that may be used within the communications system illustrated in FIG.
1A,

16614 FIG 1D is a system diagram of another example radio access network and an
example core network that may be used within the communications system illustrated o FIG.
116{,

[B015] FIG. IE 18 a system diagram of another example radio aceess network and an
example core network that may be used within the communications system llustrated in FIG.
1A,

18616} FIG. 2 is an example of priority based access through TDM in the SA and the

1
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3213 data subframes.

18617) FIG. 3 18 an example of priority based access for D2D commmunications
through TDM of SA in shared D2ZD data sebframes.

18618} FIG. 4 is an example of priority based access for DZD communications
through FDM in the SA and the D2D data subframes.

[8019] FIG. 5 is an example of prionity based access for D20 comnumications
through FDM of SA in shared D2D data subframes.

166281 FIG. 6 is an example of priority based access through different resource
allocation densities for D2D subframe pools (for example, TDM).

{6621} FIG. 7 is an example of priority based access through different resource
allocation densitics (for example, Transmission Patterns).

6022} FIG. § is an cxample of priority based access for D2 data using persistence
parameters {for example, SA).

8023} FIG. 9 is an example of prioritized reception of a high-priority chamnel by
D2ZD terminal with FDD half-duplex operation.

16624} FIG. 10 is an exanple of multiple concurrently received D21 channels (for
example, voice).

[8625] FIG. 11 is an example of multiple concurrently D2D channels to be

transmitted {for example, voice and data).

DETAILED DESCRIPTION

{8826} A detailed description of illustrative embodiments will now be deseribed with
reference to the various Figures. Although this deseription provides a detailed example of
possible implementations, i should be noted that the details are intended to be examples and in
no way limit the scope of the application. As used herein, the articles “a” and “an”, absent
further qualification or characterization, may be umderstood to mean “one or more” or “at least
one”, for example.

{8027} FIG. 1A is a diagram of an example conununications system 100 in which one
or more disclosed embodiments may be implemented. The commumications system 100 may be
a muliiple access system that provides content, such as voice, data, video, messaging, broadeast,
efc., o mudtiple wircless users. The communications system 110 may cnable muitiple wireless

users to access such contont through the sharing of system resources, including wircless

-4 -
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bandwidth. For example, the commuuications systems 100 may craploy one or more channel
access methods, such as code division multiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA), orthogonal FDMA (OFDMA), single-
carricr FDMA (SC-FDMA), and the like.

[G028] As shown in FIG. 1A, the communications system 100 may include wireless
transmit/receive units (WTRUs) 102a, 102b, 102¢, and/or 102d (which generally or collectively
may be referred to as WTRU 102}, a radio access network (RAN} 103/104/1035, a core network
106/107/109, a public switched telephone network (PSTN) 10¥, the Internet 110, and other
networks 112, though it will be appreciated that the disclosed embodiments contenplate any
mumber of WTRUs, base stations, networks, and/or network clements. Each of the WTRUs
102a, 102b, 102¢, 1024 may be any type of device configured to operate and/or communicate in
a wireless envitonment. By way of exanple, the WTRUs 102a, 102b, 102¢, 102d may be
configured to transmit and/or receive wireless signals and may include user equipment (WTRLD,
a mobile station, a fixed or mobile subseriber onit, a pager, a celhilar telephone, a personal
digital assistant (PDA), a smariphone,  laptop, a netbook, a personal computer, a wircless
sensor, consumer clectronics, and the like.

18629] The commumnications systems 100 may also nclade a base station 114aand a
base station 114b. Each of the base stations 1 14a, 114b may be any type of device configured to
wirglessly interface with at least ong of the WTRUs 102a, 102b, 102¢, 1024 to facilitate access o
one or more compunication networks, such as the core network 106/107/109, the Internet 110,
and/or the networks 112, By way of example, the base stations 114a, 114b may be a base
transceiver station {BTS}, a Node-B, an eNode B, a Home Node B, a Home ¢Node B, a site
controlier, an access point (AP}, a wircless router, and the tike. While the basc stations 114a,
114b are each depicted as a single element, it will be appreciated that the base stations 114s,
114b may include any number of interconnected base stations and/or network clements.

[8038] The base station 114a may be part of the RAN 103/104/105, which may also
mehade other base stations and/or network elements (not shown), such as a basc station controlier
{BSC}, a radio network controller (RNC), relay nodes, ete. The base station 1 14a and/or the base
station 114b may be configured {o fransmit and/or receive wireless signals within a particular
geographic region, which may be referred to as a cell {not shown). The cell may further be
divided into cell sectors. For exarople, the cell associated with the base station {14a may be
divided inte three sectors. Thus, in ong embodiment, the base station 1 14a may inclode three
transceivers, e.g., one for cach sector of the cell. In ancther emboediment, the base station 114a

may cmploy multiple-input swltiple output (MIMO) technology and, therefore, may utilize
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multiple transceivers for each sector of the cell.

EHIREY The base stations 1 14a, 114b may communicate with one or more of the
WTRUs 102a, 102b, 1{2¢, 1{2d over an air interface 115/116/117, which may be any suitable
wireless communication link {e.g., radio frequency (RF), microwave, infrared (IR}, ultraviolet
(UV), visible light, efe.). The air iderface 115/116/117 may be established using any suitable
radio access technology (RAT).

18832 More specifically, as noted above, the commumications system 100 may be a
muitiple access sysiem and may employ one or more channel access schemes, such as CDMA,
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For example, the base station 114a in the
RAN 103/104/105 and the WTRUs 1024, 102b, 102¢ may implement a radio technology such as
Universal Mebile Telecommunications System {(UMTS) Terrestrial Radio Access (LUTRA),
which may establish the air iderface 115/116/117 using wideband COMA (WCDMA).
WCDMA may include communication protocols such as High-Speed Packet Access (HSPA)
and/or Evolved HSPA (HSPA+). HSPA may inchide High-Speed Downlink Packet Access
{(HSDPA)Y and/or High-Speed Uplink Packet Access (HSUPA).

16633} In another embodiment, the base station 114a and the WTRUs 102a, 102b,
102¢ may implement a radio technology such as Evolved UMTS Terrestrial Radio Access (E-
UTRA), which may establish the air interface 115/116/117 using Long Term Evolution (LTE)
and/or LTE-Advanced (LTE-A).

(8834} In other embodiments, the base station 1 14a and the WTRUs 102a, 102b,
102¢ may implement radio technologies such as IEEE 802.16 (e.g., Worldwide Interoperability
for Microwave Access (WiIMAX)), CDMAZO00, COMAZ000 1X, COMAZ000 EV-DO, Interim
Standard 2000 (IS-2000), Toterim Standard 95 (18-95), Interim Standard 856 (§5-858), Global
System for Mobile communications (G8M), Enhanced Data rates for GSM Evolution (EDGE),
GSM EDGE (GERAN), and the like.

(8635 The base station 114b in FIG, 1A may be a wireless router, Home Node B,
Home eMNode B, or access point, for cxample, and may utihize any suitable RAT for facilitating
wireless connectivity in a localized area, such as a place of business, a home, a vehicle, a
campus, and the like. In ong embodiment, the base station 114b and the WTRUs 102¢, 1024
may implement 2 radio techmnology such as IHEH 802,11 to establish a wircless local ares
network (WLAN). In ancther embodiment, the base station 114b and the WTRUs 102¢, 1024
may implement a radio technology such as IEEE 80215 to cstablish a wircless personal arca
network (WPAN). In yet another embodiment, the base station 114b and the WTRUs 1{}2¢,
102d may utilize a cellular-based RAT (e.g., WUDMA, CDMAZO0C, GSM, LTE, LTE-A, efc)

-6 -
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10 establish a picocell or femtoccl., As shown in FIG. 1A, the base station 114b may bhave a
direct conmection to the Internet 110, Thus, the base station 114b may not be required to access
the Internet 110 via the core network 106/107/109.

(8634} The RAN 103/104/105 may be in communication with the core network
106/107/109, which may be any type of network configured to provide voice, data, applications,
and/or veice over internet protocol (VelP) services to one or more of the WTRUs 1024, 102b,
102¢, 102d. For example, the core network 106/107/109 may provide call control, billing
services, mobile location-based services, pre-paid calling, Internet connectivity, video
distribution, etc., and/or perform high-level security functions, such as user authentication.
Although not shown in FIG. 1A, it will be appreciated that the RAN 103/104/105 and/or the core
network 106/107/109 may be in direct or indirect communication with other RANs that employ
the same RAT as the RAN 103/104/105 or a different RAT. For example, o addition to being
commected to the RAN 103/104/105, which may be utilizing an E-UTRA radio technology, the
core network 106/107/109 may also be in communication with another RAN (not shown)
cmploying a GSM radio technology.

16637} The core network 106/107/109 may also scrve as a gateway for the WTRUSs
102a, 102b, 102¢, 102d 10 access the PSTN 108, the Internet 110, and/or other networks 112,
The PSTN 108 may include circuit-switched telephone networks that provide plain old telephone
service (POTS). The Imternet 110 may include a global system of interconnected computer
networks and devices that use common communication protocols, such as the transmission
control protocol (TCP), user datagram protocol (UDP) and the internet protocol (IP) in the
TCP/IP internet protocol suite. The networks 112 may inclode wired or wireless
communications networks owned and/or operated by other service providers. For example, the
networks 112 may include another core network connected to one or more RANs, which may
crploy the same RAT as the RAN 103/104/105 or a different RAT.

(6638} Some or all of the WTRUs 102a, 102b, 102¢, 102d in the communications
systern 100 may inchude multi-mode capabilitics, e.g., the WTRUs 102a, 102b, 102¢, 102d may
mechade multiple transceivers for commmunicating with different wireless networks over different
wircless finks. For example, the WTRU 102¢ shown in FIG. 1A may be configured to
communicate with the basc station 114a, which may employ a cellular-based radio technology,
and with the base station 114b, which may employ an IEEE 802 radio techmnology.

16639} FIG. 1B is a system diagram of an example WTRU 102, As shown in FIG.
1B, the WTRYU 102 may include a processor 118, a transceiver 120, a transmit/receive clement

122, a speaker/microphone 124, a keypad 126, a display/touchpad 128, non-removable memory
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130, removable memory 132, a power source 134, a global positioning system {GPS) chipset
136, and other peripherals 138, It will be appreciated that the WTRU 102 may inclade any sub-
combination of the foregoing elements while remaining consistent with an embodiment.  Also,
crabodiments conteraplate that the base stations 114a and 114b, and/or the nodes that basc
stations 114a and 114b may represent, such as but not Hmited to transceiver station {B718), a
Node-B, a site controller, an access point (AP), a home node-B, an evolved home node-B
{eNodeB}, a home evolved nede-B (HeNB), a home evolved node-B gateway, and proxy nodes,
among others, may include some or all of the clements depicted in FIG. 18 and described hercin.

6644 The processor 118 may be a general purpose processor, a special purpose
processor, a conventional processor, a digital signal processor (DSP), a plorality of
MICTOPrOCSssors, ONg OF MOre MICrOProcassors in association with a DSP core, a controller, a
microconitolier, Apphlication Specific Integrated Circuits (ASICs), Field Prograramable Gate
Avray (FPGAs) circuits, any other type of integrated circuit (1C), a state machine, and the like.
The processor 118 may perform signal coding, data processing, power control, input/output
processing, and/or any other functionslity that cnables the WTRU 102 to operate in a wircless
cuvironment. The processor 118 may be coupled to the transceiver 120, which may be coupled
to the transnut/receive element 122, While FIG. B depicts the processor 118 and the
transceiver 120 as separate components, it will be appreciated that the processor 118 and the
transceiver 120 may be integrated together in an electronic package or chip.

[B041] The transmit/receive element 122 may be configured to transmit signals to, or
receive signals from, a base station (e.g., the base station 114a) over the air tnterface
115/116/117. For example, in one embodiment, the transmit/receive element 122 may be an
anteona configured to transmit and/or receive RF signals. Inanother embodiment, the
fransmit/receive element 122 may be an emitter/detector configured to transmit and/or receive
IR, UV, or visible light signals, for example. In yet another embodiment, the transmit/receive
clement 122 may be configured to transmit and receive both RF and light signals. It will be
appreciated that the transmit/receive clement 122 may be configured to transmit and/ot receive
any combination of wircless signals,

168421 In addition, although the transmit/receive clement 122 is depicted 1 FIG. 1B
as a single clement, the WTRU 102 may nclude any mumber of transmit/receive clements 122,
More specifically, the WTRU 102 may employ MIMO technology. Thus, in one embodiment,
the WTRU 102 may include two or more transmit/receive elements 122 {e.g., muliiple antennas)
for transmitting and receiving wirciess signals over the air interface 115/116/117.

18043} The transceiver 120 may be configured to modulate the signals that are to be
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transmoitted by the transmit/receive element 122 and to demodulate the signals that are received
by the transmit/receive element 122, As noted above, the WTRU 102 may have multi-mode
capabilities. Thus, the transceiver 120 may include multiple transceivers for enabling the WTRU
102 to communicate via multiple RATs, such as UTRA and IEEE 802.11, for example.

[G044] The processor 118 of the WTRU 102 may be coupled to, and may receive user
mput data from, the speaker/microphone 124, the keypad 126, and/or the display/touchpad 128
{e.g., a liguid crystal display (LCD) display unit or organic light-emitting diode (OLED) display
anit). The processor 118 may also output user data to the speaker/microphone 124, the keypad
126, and/or the display/touchpad 128, In addition, the processor 118 may access information
from, and store data in, any type of suitable memory, such as the non-removable memory 130
and/or the removable memory 132, The non-removable memory 130 may include random-
access memory {RAM), read-only memory (ROM), a hard disk, or any other type of memory
storage device. The removable memory 132 may inchide a subscriber identity module (5IM)
card, a memory stick, a secure digital (SD} memory card, and the fike. In other embodiments,
the processor 118 may access information from, and store data in, memory that is not physically
located on the WTRU 102, such as on a server or a home computer {not shown).

8045} The processor 118 may receive power from the power source 134, and may be
configured to distribute and/or control the power to the other components in the WTRU 102,

The power source 134 may be any suitable device for powering the WTRU 102, For example,
the power source 134 may include one or more dry cell batteries (e.g., nickel-cadmium (NiCd),
nickel-zine (NiZn), nickel metal hydride (NIMH), hithiam-ion (Li-ion), efc. ), solar cells, fuel
cells, and the like.

6846} The processor 118 may also be coupled to the GPS chipset 136, which may be
configured to provide location information {e.g., longitude and latitude) regarding the current
location of the WTRU 102, In addition to, or in lieu of, the information from the GPS chipset
136, the WTRU 102 may receive location information over the air interface 115/116/117 from a
base station {e.g., basc stations 114a, 114b) and/or determine its focation based on the timing of
the signals being received from two or more nearby base stations. It will be appreciated that the
WTRYU 102 may acquirc location information by way of any suitable location-determination
mcthod while remaining consistent with an embodiment.

16647} The processor 118 may further be coupled to other peripherals 138, which
may inchide one or more software and/or hardware modules that provide additional featies,
functionality and/or wired or wircless connectivity. For example, the peripherals 138 may

wmnelade an accelerometer, an e-compass, a satehite transceiver, a digital camera (for photographs
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or video), a universal serial bus (USB) port, a vibration device, a television fransceiver, a hands
free headset, a Bluetooth® module, a frequency modulated (FM) radio unit, a digital music
player, a media player, a video game player modude, an Internet browser, and the like.

[8048] FIG. 1C is a systom diagram of the RAN 103 and the core network 106
according to an embodiment. As noted above, the RAN 103 may emiploy a UTRA radio
technology to communicate with the WTRUSs 102a, 102b, 102¢ over the air interface 115, The

AN 103 may also be in communication with the core network 106. As shown in FIG. 1C, the
RAN 103 may include Node-Bs 140a, 140b, 140¢, which myay each include one or more
fransceivers for communicating with the WTRUs 102a, 102b, 102¢ over the air interface 115,
The Node-Bs 140a, 140h, 140¢ may cach be associated with a particular cell (not shown) within
the RAN 103, The RAN 143 may also include RNCs 1423, 142b. It will be appreciated that the
RAN 103 may include any nuroher of Node-Bs and RNCs while remaining consistent with an
embodiment.

[6849] Asg shown in FIG. 1C, the Node-Bs 140a, 140b may be in communication with
the RINC i4Za. Additionally, the Node-B 140c may be in commumnication with the RNC 1472b.
The MNode-Bs 140a, 140b, 140¢ may conmmunicate with the respective RNCs 14%2a, 142b via an
fub nterface. The RNCs 1423, 142b may be in communication with one another via an ur
interface. Each of the RNCs 142a, 142h may be configured to control the respective Node-Bs
140a, 140b, 140¢ to which it is connected. In addition, cach of the RNCs 1422, 142b may be
configured to carry out or support other functionality, such as outer loop power control, load
control, admission control, packet scheduling, handover control, macrodiversity, security
functions, data encryption, and the like.

[LRLH The core network 106 shown in FIG. 1C may include a2 media gatoway
{(MGW) 144, a mobile switching center (MSC) 146, a serving GPRS support node (SGSN) 148,
and/or a gateway GPRS support node {GGSN} 150, While each of the furegoing elements are
depicied as part of the core network 106, it will be appreciated that any one of these clements
may be owned and/or operated by an entity other than the core network operator.

[BBS1] The RNC 142a in the RAN 103 may be connected to the MSC 146 in the core
network 106 via an laCS interface. The MSC 146 may be connected to the MGW 144, The
MSC 146 and the MOW 144 may provide the WTRUs 1024, 102b, 102¢ with access to cireuit-
switched networks, such as the PSTN 108, to facilitate comumumications between the WTRUs
102a, 102b, 102¢ and traditional land-bne communications devices.

(8652} The RNC 142a in the RAN 103 may also be connected to the SGSN 148 in

the core network 106 via an [uPS interface. The SGSN 148 may be connected to the GGAN 150,
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The SGSN 148 and the GGSN 150 may provide the WTRUs 102a, 102b, 102¢ with access to
packet-switched networks, such as the Internet 110, to facilitate commmumnications between and
the WTRUs 102a, 102b, 10Zc and IP-enabled devices.

[8053] As noted above, the core network 106 may also be connected to the networks
112, which may include othor wired or wireless networks that are owned and/or operated by
other service providers.

(6054} FIG. 1D is a system diagram of the RAN 104 and the core network 107
according to an cmbodiment. As noted above, the RAN 104 may employ an E-UTRA radio
techneology to comnumicate with the WTRUs 102a, 102b, 102¢ over the air interface 116, The
RAN 104 may also be in communication with the core network 107.

[8055] The RAN 104 may include eNode-Bs 160a, 160b, 160c, though it will be
appreciated that the RAN 104 may include any number of eNoede-Bs while remaining consistent
with an embodiment. The ¢eNode-Bs 160a, 160b, 160¢ may each include one or more
franscetvers for communicating with the WTRUs 132a, 102b, 102¢ over the air interface 116, In
one embodiment, the eNode-Bs 160a, 160b, 160¢ may implement MIMO technology. Thus, the
eMNode-B 160a, for exanple, may use multiple antennas to transmit wircless sigoals 1o, and
receive wireless signals from, the WTRU 102a.

{6856} Each of the eNode-Bs 160a, 160b, 160c may be associated with a particular
cell (not shown)} and may be configured to handle radio resource management decisions,

handover decisions, scheduling of users in the uplink and/or downlink, and the ke, As shownin

FIG. 1D, the eNode-Bs 160a, 160h, 160c may communicate with one another over an X2
interface.
(LLRY The core network 107 shown in FIG. 1D may mchide a mobility management

gateway (MME) 162, a serving gateway 164, and a packet data network (PDN) gateway 166.
While each of the foregoing elements are depicted as part of the core network 107, it will be
appreciated that any one of these clements may be owned and/or operated by an entity other than
the core network operator.

[BOS8] The MME 162 may be connected to each of the eNode-Bs 160a, 160b, 160¢ in
the RAN 104 via an 51 interface and may serve as a control node. For example, the MME 162
may be respousible for suthenticating users of the WTRUs 1021, 102b, 102¢, bearer
activation/deactivation, selecting a particular serving gateway during an initial attach of the
WTRUs 1624, 102b, 102¢, and the like. The MME 162 may also provide a control plane
function for switching between the RAN 184 and other RANSs {not shown) that emaploy other

radio technologies, such as GSM or WCDMAL
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18659] The serving gateway 164 may be connected to each of the eNode-Bs 160a,
160b, 160c in the RAN 104 via the S1 interface. The serving gateway 164 may generally route
and forward user data packets to/from the WTRUs 102a, 102h, 102¢. The serving gateway 164
may also perform other functions, such as anchoring user plancs during inter-eNode B
handovers, triggering paging when downlink data is available for the WTRUs 102a, 102b, 102¢,
managing and storing contexts of the WTRUs 102a, 102b, 107¢, and the like.

8066} The serving gateway 164 may also be comnected to the PDN gateway 166,
which may provide the WTRUs 102a, 102b, 102¢ with access to packet-switched networks, such
as the Internet 110, to facilitate communications between the WTRUs 1024, 102b, 102¢ and IP-
enabled devices.

(8661} The core network 107 may facilitate communications with other networks.
For example, the core network 107 may provide the WTRUs 102a, 102b, 102¢ with access to
circuit-switched networks, such as the PSTN 108, to facilitate communications between the
WTRUs 1323, 102b, 102¢ and traditional land-Ene communications devices. For example, the
core network 107 may include, or may compunicate with, an IP gateway {(e.g., an P multimedia
subsystom (IMS) server) that serves as an interface between the core network 107 and the PSTN
108, In addition, the core network 107 may provide the WTRUs 102a, 102b, 102¢ with access 1o
the networks 112, which may include other wired or wireless networks that are owned and/or
operated by other service providers.

[B062] FIG. IE 18 a system diagram of the RAN 105 and the core network 109
according to an embodiment. The RAN 105 may be an access service network {ASN) that
cmploys IEEE 802.16 radio technofogy to communicate with the WTRUSs 102a, 102b, 102¢ over
the air mterface 117, As will be further discussed below, the communication links between the
ditferent functional entities of the WTRUs 102a, 102b, 102¢, the RAN 105, and the core network
109 may be defined as reference points.

[8063] As shown in FIG. 1E, the RAN 105 may include base stations 180a, 180b,
180c, and an ASN gateway 182, though it will be appreciated that the RAN 105 may include any
number of base stations and ASN gateways while remaining consistent with an embodiment.
The basc stations 180a, 180b, 140c may cach be associated with a particular cell {not shown) in
the RAN 105 and may cach inclade one or more transceivers for commumnicating with the
WTRUs 102a, 102b, 102¢ over the air interface 117, In one embodiment, the base stations 1803,
180b, 180¢ may implement MIMO technology. Thus, the base station 180a, for example, may
use multiple antennas to transmit wireless signals to, and receive wircless signals from, the

WTRU 102a. The basc stations 180a, 180b, 180¢ may also provide mobility management
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functions, such as handoff triggering, tannel establishment, radio resource managoment, fraffic
classification, quality of service (oS} policy enforcement, and the like. The ASN gateway 182
may serve as a traffic aggregation point and may be responsible for paging, caching of sebscriber
profiles, routing to the cove network 109, and the like.

(8064 The air interface 117 between the WTRUs 102a, 102b, 102¢ and the RAN 105
may be defined as an R1 reference point that implements the TEEE 802,16 specification. In
addition, cach of the WTRUs 102a, 102b, 102¢ may establish a logical tnterface (not shown)
with the core network 109, The logical interface between the WTRUs 102a, 102b, 102¢ and the
core network 109 may be defined as an R2 refercoce point, which may be used for
authentication, authorization, 1P host configuration management, and/or mobility management,

[8065] The communication link between cach of the base siations 180a, 180b, 180c
may be defined as an RE reference point that includes protocels for facilitating WTRU handovers
and the transfer of data between base stations. The commumication link between the base
stations 180a, 180b, 180c and the ASN gateway 182 may be defined as an R6 reference point.
The R6 reference point may include protocois for facilitating mobility management based on
mobility events associated with cach of the WTRUs 102a, 102b, 102¢.

18666} As shown in FIG. TE, the RAN 108 may be connected to the core network
109. The communication hnk between the RAN 105 and the core network 109 may defined as
an R3 reference point that includes protocois for facilitating data transfor and mobility
management capabilities, for example. The core network 109 may nclude a mobile 1P home
agent (MIP-HA) 184, an authentication, authorization, accounting (AAA) server 186, and a
gateway 188. Whilc each of the foregoing clements are depicted as part of the core network 109,
it will be appreciated that any one of these elements roay be owned and/or operated by an cutity
other than the core network operator.

18667} The MIP-HA may be responsible for IP address management, and may enable
the WTRUs 102a, 102b, 102¢ to roam between different ASNs and/or different core networks.
The MIP-HA 184 may provide the WIRUs 102a, 102b, 102¢ with access to packet-switched
networks, such as the Internet 116, to facilitate compumications between the WTRUs 1023,
1G2b, 1}2¢ and IP-cnabled devices. The AAA server 186 may be responsible for user
authentication and for supporting user services. The gateway 188 may facilitate imterworking
with other networks. For example, the gateway 188 may provide the WTRUs 1024, 102b, 102¢
with access to circuit-switched networks, such as the PSTN 108, to facilitate communications
between the WTRUs 102a, 102b, 102¢ and traditional land-line comumunications devices. In

addition, the gateway 188 may provide the WTRUs 1024, 102b, 102¢ with access to the
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networks 112, which may include other wired or wircless networks that are owued and/or
operated by other service providers.

[6068] Although not shown in FIG. 1E, it will be appreciated that the RAN 105 may
be connected fo other ASNs and the core network 109 may be connected to other core networks.
The communication link between the RAN 105 the other ASNs may be defined as an R4
reference point, which may include protocels for coordinating the mobility of the WTRUs 1024,
102b, 102¢ between the RAN 103 and the other ASNs. The commumication link between the
core network 109 and the other core networks may be defined as an RS reference, which may
mclude protocols for facilitating interworking between home core networks and visited core
networks.

(68691 For 3GPP and/or LTE based radio access, support for D20 communications
may allow for cost-¢fficient and high-capability public safety communications using L'TE
technology. This may be motivated by the desire to harmonize the radio access technology
across purisdictions in order to lower the CAPEX and OPEX of radioc-access technology
available for the use of public safety (PS) type of applications. This may be motivated by LTE as
a scalable wideband radio solution may allow for efficicnt nwultiplexing of different services
types like voice and video.

18674} Since PS applications may utilize (e.g., typically require) radic
communications in areas that might not be under radio coverage of an LTE network, e.g. in
tunmels, in deep basements, and/or following catastrophic system outages, there may bea
usefulness to support D2D communications for PS in absence of any operating network and/or
prior to the arrival of AdHoc deployed radic infrasiruciure. Even when operating in presence of
operating network infrastructure, PS comupunications may withize {¢.g., typically require) higher
reliability than conmmercial services.

{66871} PS type of applications, e.g. between first responders, may inchide direct
push-to-talk speech services using multiple talk groups. PS type of applications may inchude
services such as video push or download, for example, to make efficient use of the capabilitics an
LTE broadband radio provides.

18672} D2D commumications may be available for PS type of applications and/or
commercial use cascs, for example, perhaps when deploved. For exanple, a comomercial use
counld beutility companies who often also require support for 2-way radic commumications in
areas not covered by network infrastracture, D20 services, such as discovery, are suitable
signaling mechanisms to allow for proximity based services and/or traffic offload using LTE

based radio access in conunercial use cases,
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16673} Access control may be disclosed herein. Priority handling may be disclosed
herein.

18674} In LTE systems, there may be access control and/or priority handling
mechanisms to arbitrate the access to and/or usage of wircless resources by terminals.

[8075] For cxample, system information broadcast (S1B) messages carried on
broadeast channel (BCH) may carry information for which aceess service classes terminals
attemipting to connect to the cell are allowed, e.g. emergency only, maintenance only, and/or any
type. Access control may be possible, for example, once a terminal device is connecied to an
L. TE cell. For cxample, if there are more terminals connected to a cell than can be reliably
supported, Access Stratum (AS) and/or Non-Access Stratum (NAS) connections from the
network side may be terminated. Torminal devices may be re-directed to channels and/or bands
of another radio access technology like GSM or 3G HSPA in the operator’s network.

[8076] Access control in existing LTE networks may exist in one or more {e.g.,
many} forms. Access control in LTE networks may have in common that terminal devices may
be denied and/or limited, for example, in terms of access to wircless resources by the network
prior to a connection aticrapt and/or while being connected to celi(s).

18477} LTE systems may offer techniques for priority handliing of concurrently
nunning wireless serviees. Priority handling may be used to ensure higher Quality of Service
(oS} data streams like conversational voice, video that may be served first, and/or with
guaranteed bit rates or guaranteed latencies. Priority handling may be used to serve (e.g., first
serve) control signaling (e.g., uscful/essential control signaling).

18678} For example, in LTE systems, priority handling of data with muitiple users in
the system may be possible by the base station (e.g., first) scheduling high-priority data with
real-time QoS constraints n the Downlink (DL). Priovity handiing of data with multiple users in
the system may be possible by the base siation artificially reducing and/or throttling service data
rates for lower priority download type of data. Systems, such as when supporting emergency
calls, may implemernt priority handling for E911 calls to guarantee successful call setup
percentages (e.g., much) higher and/or ocourrences of dropped calls {e.g., much) lower than
typically guaranteed for regular voice calls. If a single terminal device has multiple types of data
10 transtait concurrently, rules may specity to transout higher priority data {e.g., first) when an
UL transmission opportunity may have been granted. Lower priority data may complete {e.g.,
later), for example, once packets allocated higher logical channel priorities have completed their

transmission.
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18679] Priority handling from the single user perspective and/or from the system
perspective may be implemented in different forms in existing LTE systems. These may have in
common that higher priority data may be transmitted {c.g., first) perhaps if useful, and/or lower

priority data may be pre-crapted from transmission if concurront services have to be supported

concwrently.
[BORS] D2D communications may use LTE based radio access.
{081} D2D communications using LTE based radio access may be designed to

operate in network-control mode and/or in WTRU awtonomous mode. Network-contrel mode
may be referred to as Mode 1 and WTRU autonomous mode may be referred to as Mode 2.
Mode 1 (Network controlled) may be possible {¢.g., only possible) under certain conditions, for
example, if the D2D terminal is in radio range of a LTE base station. The D2D terminal may fall
back to Mode 2 {WTRU autonomous) operation, for cxample, if it cannot conununicate with the
LTE base station. In this case, 1t may mostly use channel access parameters pre-stored on the
terminal itself.

18082} For D20 communications using Mode 1, the LTE base station may reserve a
selected set of UL subframes to allow for D2D transmissions. The LTE base station may
announce a set of UL subframes with associated parameters in which D2D communications for
neighbor cells and/or Mode 2 terminals may be received. Less than all LTE system bandwidth
{(BW) may be available for D20 ransmissions in 8 subframe reserved for D2D. Perbaps when
operating in Mode 1, for example, radio resources for D2D communications may be granted to a
D2ZD terminal by the serving cell. The D2D grant from the network may be preceded by an UL
transmission by the terminal on the celtular UL, for example, indicating to the basc station the
amount of avatlable D20 data. The D2D grant received by the D2D terminal from the LTE base
station on the cellular DL may allow the D2D termiinal to use certain sclected radio resources, for
example some radio blocks (RBs) cccurring i some subframes over a certain scheduling period.

[8083] The D2D terminal may transmit 8 Scheduling Assignment (SA} message ina
set {e.g., first set) of one or more D21 subframe(s) and/or transmit the D2D data in a set {e.g.,
second set) of D2D subframes in a scheduling pertod.  Scheduling assignments {e.g., and others)
may contain an identifier field, an M3 field, a rescurce indicator and TA ficld. D2D data
packets {e.g., and others) may contain a MAC bheader with source and/or destination address.
Muldtiple logical channels may be multiplexed and/or sent as part of a single transport block {TB)
in a D20 subframe by a WITRU.

{6084} For D2D communications using Mode 2, the D2D terminals may select (e.g.,

aufonorously select) time/frequency radio resources. Channel access pararseters, such as the
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subframes for use with transmissions of SA control messages and/or corresponding D20 data,
scheduling periods or monitoring subframes, may be pre-configured (e.g., typically pre-
configured) and/or stored on the D2D terminal. Mode 2 terminals may follow the same or
similar transmission behavior as the Mode 1 terminals, for example they may transmit SAs
followed by D21 data iu scheduling periods. The preceding UL traffic volume indication and/or
DL D2D grant phase might not follow the same or similar transmission behavior as Mode 1
terminals.

[3085] For D20 communications in Mode 1 and Mode 2, D2E terminals may
transoit auxiiary D21 signals, such as D2D synchronization sigeals and/or channel mossages to
aid receivers in demodulating their transmissions.

{8086} D20 commumnications using LTE based radio access may carry voice channoels
and/or data packets and/or data streams. D2D communications may include D2D discovery
service. D2D discovery (e.g., unlike voice channels) may use {e.g., only use) small packe
transmissions that may {it in one, two or few {¢.g., at most) sobframes. For example, these
packets may contain application data announcing availability of devices and/or SW applications
1o participate in D2D data exchanges with terminals in the vicinity.

18087} D320 discovery may or might not use the same or similar channel access
protocol, such as may be used for D2D commumications for voice and/or generic D2D data. For
D20 discovery service, such as when in coverage of an LTE base station, B2D discovery
resources may be allocated (e.g., separately allocated) from those used for D2D conmunications
with voice or generic D2D data. Radio resources for D2D discovery messages may be selected
{c.g., avtonomously’ by D2D terminals from a sct of resousces that may be reserved by the eNB
and/or may be recurring {e.g., periodically recurring) time-frequency radio resources in UL
subframes (¢.g., Type 1 discovery) and/or may be allocated {e.g., explicitly allocated) by the
LTE serving cell to the B2D terminals (e.g., Type 2 discovery}. The latier may be similar to
D20 conununications Mode 1. Transmissions of scheduling assignments might not be used
when transmitting D20 discovery messages. D20 termainals transmitting {e.g., only
transmitting) D2D discovery messages may be used to transmit auxiliary D2D synchronization
signals to assist receivers.

18688} Access control, priority handling and/or pre-cmption mechanisms for D2D
communications using LTE based radic access comparable to conventional LTE networks may
be described herein.

{60891 D20 terminals, such as thosc for use with public safety applications, may be

{e.g., inherently) designed to operate in absence of operating LTE radic network mirastructure,
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This may inply that these devices may be able to operate autonomously in terms of chaonnel
access and any handling of their D2D data transmissions. Unlike present LTE terminal devices
which may be mostly network-controlled through control signaling message exchanges with the
LTE network, DZD terminal devices may store (e.g., typically store) some {c.g., most if not alf)
parameters that moay determine thewr channel access and/or transaission behavior on the (U3SIM
card and/or as part of the application software (SW),

[6698] Transmission procedures and/or channel access protocols for D2D
communications using L TE based radic access might not be designed to allow for random access
to distinguish priovities for individual devices and/or to allow for data fransraission under
consideration of quality-of-service (QoS) for D20 data. A mechanism to deny, to limit and/or to
restrict a particular device or user from aceess to DZD radio resources may exist.

(8051} Perhaps when in radio range of an LTE cell, among other scenarios, for
example, certain hmitations onto allowable UL subframes that may be reserved for use by the
D2ZD terminals in the vicinity may be trmposed by the LTE serving cell. Priority handling and
channel access by different users or for differcnt types of data transmiited from a given D2D user
roight not be ensured deterministically. H (e.g., only if) D21 radic resources in the LTE serving
cell are over-provisioned, successful chammel access for high-priority terminals and successtul
transmission of higher priovity data may be ensured, for example, in the statistical sense. In
absence of operating L'TE radio network infrastructure, there may be less control over usage of
the D210 radio resources.

6093} A D20 terminal might not distinguish between different types of D2D data,
for example, for radio resource allocation trade-offs.

13093} D20 communications using LTE based radio access may allow for (e.g.,
mphcit) distinetion of different types of D2D communications received, for example, when
associating the encryption or message integrity protection keys, and D2D service identificrs used
for D20 SW applications to secure D20 data payloads by transmitting devices, When keys and
identificrs are known, a transmitting D20 teronal or & recetving D2D terminal might not be
able to distinguush higher priority users and/or higher priority type of D2D data, for example,
aniil it may have {c.g., physically} demodulated and/or decoded any such D2 transmission.
3213 devices might not take o account priority of ongoing and/or plamned D2D
communications, for example, when determining their own transmission and/or reception
behavior. A D2D terminal ready for transmission might not refrain from channel access, for
example, vntil it has (e.g., physically) demodulated one or more or all the chanoels, such as in

the presence of ongoing critical D20 commumications. D2 torminals might not be configured
= B = &
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{e.g., never configured) with the knowledge of one or more or all D21 identifiers and/or
associated derived payload encryption and/or message integrity protection keys that may be used
in the vicinity by other P2D terminals. This means that one or more (e.g., most) D2D terminals
may be oblivious to the kind and/or type of D2D data they attempt to decode and distinguish
based on the received D20 payioad contents. The pavicad might not be decoded by such a D2D
device in the absence of known keys and/or associated identificrs.  Information about the carried
D2ZD payload might not be derived.

13094} Mechanisms for D2D communications using LTE radio access technology
that raay allow for priority based channel access, priovity based handling of D2D
commaunications as a function of D2D terminal and/or type of D2ZD data to ensure service
availability and QoS, and/or for pre-emption in critical circomstances may be described herein.
Availability of priority based access and/or transmission mechanisms may enhance efficiency of
wircless transmissions, improve upon the usage of D2D radio resources and/or may improve
upon channel and/or service availability for D2D users, for example, similar to conventional
LTE networks.

18095} The term D2 data may refer to D2 related communication between D2D
termoinals. For example, without loss of generality, D20 data may include data packets such as
carrying voice or segments thereof, it may include IP packets or segments thereot, such as used
for file download or upload, streaming or bi-directional video, it may inclade D2D control
signaling, or it may inchade D20 discovery or service or availability messages, etc. The features
disclosed herein may be deseribed in the general context of 3GPP D2D commumications; the
features may be applicable to other features such as D2ZD discovery, for example.

1B696] 13213 priovity may be based on chanuel access. One or more {(c.g., different)
SA and/or data pools may be used for priority-based access. Access mechanisms may be based
on radio resource sets (e.2., segregated radio resource sets).

(8697} Priority based access for D2D communications may use segregated radio
resource sefs 1 time-domain and/or in frequency-domain.

[B898] Segregated radio resource sets, in time and/or frequency domain for use with
prioritized DZD access may be realized on radio resources that may be used for Scheduling
Assignments (SA), D20 data, control or service signaling such as D21 discovery, for onc of
these D2D data signals/channels, and/or for more than one of these D2D data signals/channels.

16699} FIG. 2 is an example diagram of priority based access through TDM in the SA
and the D2D data subframes. Priority based access for D2D communications may be realized

through Time-Division-Multiplex (TDM) of the SA and/or the D2 data pools.
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161606} I the example of FIG. 2, there are N=2 different SA pools and ther M=2
corresponding D20 data pools. The 2 different SA pools are defined over different and/or
distinet subframe subsets in time-domain. In FIG. 2, there are Li=1 subframe for SAs per SA
pool per scheduling period of P=160ms. The two D2D data pools may be defined over different
and/or distinct subframe subsets. fn FIG. 2, there are L.2=18 available subframes per D2D data
pool per scheduling period.

{181} An SA pool {e.g., such as the first SA pool in Fig. 2) may carry SAs for
accompanying D2D data transmissions {c.g., high priority DZD data transmissions) in the D2ZD
data pool {c.g., fist D20 data pool) over the duration of a scheduling period. High priority
transmissions may correspond to a responder talk group {e.g., fivst responder talk group) and/ora
high-priority voice channel. An SA pooi (2.g., such as the second SA pool in Fig. 2} may canry
SAs for corresponding lower priority D2D transmissions in 2 D2D data pool (e.g., second D2D
data pool). A lower priority transmoission may be a background file download and/or a non-time
critical exchange of D2D service data.

1162} High-priority D2D data transmissions may be done {(e.g., only done) on radio
resources used by the SA {c.g., first SA in Fig. 2) and/or the corrosponding D2D data pool {e.g.,
first D2D data pool n Fig. 2). Lower priority D2D data transmissions may oceur {e.g., only
occur} on the radio resources used for the SA {e.g., second SA) and/or D2D data pool (e.g.,
second D2D data pool). An SA carried in a subframe of the high-priority {e.g., fust) 5A pool
might not announce D2D data on radio resources for the low priority {e.g., second) D2D data
pool. An SA carried in a subframe of the low-priority {¢.g., second) SA pool might not annoonce
D2D data on radio resources for the high priority {¢.g., first) D2D data pook

1163} TOM in lower priority D21 transmissions might not be able to occur on the
higher priority SA/data pools, which may improve priority handling for D2D transmissions.  For
network controlled radio resource allocation of the SA and/or B2D data on the high priority
pool{s), the low priority D2D devices and channels might not compete for the segregated TDM
radio resources. For WTRU autonomous contention resolution on such SA/data resources, the
low priority D2D devices and channels might not compete for the segregated TDM radio
resources. For random radio resource sclection of SA/data by D2D torminals, the low priority
3213 devices and chanuels might not compete for the segregated TDM radio resources. Higher
priority D2D data may have a (e.g., significantly} higher chance of being transmitted
successfully during initial determination of radic resowrces and/or during an ongoing

transmission due to reduced interference from lower priority D20 data. Legacy DZD terminals
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fcapable of priority handling may be prevented from accessing the new higher priority SA/data
pools through resource segregation.

[§164] FIG. 3 is an example diagram of pricrity based access for D2D
communications through TDM of SA in shared D20 data subframes. Priority based access for
D20 conumunications may be realized through Time-Division-Multiplex {TDM) of the SA
pools, such as while using shared D2D data pool(s).

[#185] In FIG. 3, there are N=2 different SA pools and M=1 corresponding D2D data
pool. The two different SA pools may be defined over differcnt and/or distinct subframe subsets
in time-domain, In FIG. 3, there are L.1=1 subframe for SAs per SA pool per scheduling period
of P=160ms. The D2D data pool has L.2=38 available subframes per scheduling period.

(6166} The SA pool (e.g., first SA pool in FiG. 3) may carry SAs for accompanying
high priority D2D data transmissions. The SA pool {¢.g., second SA pool i FIG. 3} may carry
SAs for accompanying lower priority D2D transmissions.

#3187} High-priority D2D data transmissions may be transmitted by (e.g., only by)
using radio resources from the high-priority SA pool {e.g., first SA pool). Lower priority D2D
data trangmissions may {e.g., may only) be transmitted by using radio resources used for the
lower-priority SA pool (e.g., seccond). SAs from cither the ligh-priority SA pool {e.g., first SA
pool} and/or the lower-priority SA pool (2.g., second) may correspond to D20 data transmitted
on the shared radio resources of the D20 data pool.

[8188] Priority handling for D2D transmissions may be improve. For example,
priority handhing for D20 transmissions may be improve if lower priority D2D transmissions
might not occur on the higher prionity SA pools. For network controlled radic resource
allocation of the SA on the high priority pool(s}, the low priority D20 devices and chanuoels
might not compete for such segregated TDM radio resources. For WTRU autonomous
contention resolution on sach SA resources, the low priority D2D devices and chanmels nuaght
not compete for such segregated TDM radio resources. For random radio rescurce selection to
determine the SA by D20 terminals, the low priority D2D devices and channels roight not
compete for such segregated TDM radio resources. Higher priority D20 data may have a {e.g,,
significantly} higher chance of being transmitted, for example, due to avoidance of interference
and/or contention on the SA radio resources. Priority based access mechanisms may be
implemented while preserving the principle and/or resouree utilization (e.g., inherent resource
atilization} efficiency of shared D2D data pools.

[8169] FIG. 4 is an cxample diagram of priority based access for D2ZD

communications through FDM in the SA and the D21 data subframes. Priority based access for
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D21 coramumications may be realized through Frequency-Division-Multiplex (FDDM) of the SA
and/or the D2D data pools.

(8114} I the example in FIG. 4, there are N=1 SA pool in time-domain and M=|
corresponding D2D data pool in time-domain. In FIG. 4, there may be Li=2 subframes for the
SA per SA pool per scheduling period of P=160ms. In FIG. 4, there arc L2=3§ available
subframes in the D2D data pool per scheduling period. The radio resources i the SA pool
contain L2=2 different and distinet radio block subsets in frequency-domain. A subframe
containing SAs may contain SAs for high priority 02D data trapnsimission in RBs 10-30, and SAs
for low priority D2D data in RBs 40-60, Subframes containing D20 data may contain high-
priority and/or low priority transmissions (e.g., only} in RBs 10-30 and RBs 40-60 (e.g.,
respectively). These may be referred to as SA and D2D data pools in frequency-domain.

G111} The frequency-domain SA pool (e.g., first frequency-domain SA pool in FIG.
4) may carry SAs for accompanying high priority D2D data transmissions in the
frequency=domain D2D data pool {e.g., first frequency-domain D2D data pool in FIG. 4), for
example, over the duration of a scheduling period. The frequency-domain SA pool {e.g., second
frequency-domain SA pool in FIG. 4) may carry SAs for accompanying lower priority D2D
fransmissions in the frequency-domain D2D data pool (e.g., second frequency-domain D20 data
pool in FIG. 4).

[8112] High-priority D2D data (ransmissions may {e.g., may only} be conducted on
radio resources in frequency domain, such as frequency domain used by the SA {e.g., first 5A)
and/or the corresponding D2D data pool {e.g. first DZD data pool). Lower priority D2ZD data
transmissions may {e.g., may only} occur on the radio resources used for the SA {e.g., second
SA) and/or the data pool {(e.g., second data pool) in frequency-domain. For exanple, an SA
carried in a sabframe of the high-priority SA frequency-domain {c.g., fivst SA frequency-
domain} might not armounce D2D data on radio resources used with the low priority D2D data
{c.g., sccond D2D data) frequency-domain. An SA carried in the low-priority frequency-domain
SA region might not announce D21 data on radio resources in the high priority D20 data
frequency-domain (e.g., first D2D data frequency-domain) region.

#3113} Priority handling for D2D transmissions may be tmproved, for example, when
lower priority D20 transmissions might not occur on the higher priovity SA/data frequeoncy-
domain pools. Low priority D2D devices and/or channels might not compete for the segregated
FDM radio resources. Higher prionity D2D data may have a chance (e.g., significantly higher
chance) of being transmitted during determination of radic resources and/or during an ongoing

transmission, such as a transmission due to reduced interforence from lower priority D20 data,
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114} FIG. 3 is an example diagram of priority based access for D2D
communications through FDM of SA in shared D2D data subframes. Priority based access for
D20 commumnications may be realized through Frequency-Division-Multiplex (FDM) of the SA
pools while using shared D2D data pool(s).

[8315] In FIG3. 5, there is N=1 SA pool in time-domain and M=1 corresponding D2D
data pool in fime-domain. In FI1G. 5, there are L1=2 subframes for SAs per scheduling period of
P=160ms. In FIG. 5, there are L2=38 available subframes in the D2D data pool per scheduoling
period. The radio resources in the SA pool may include L2=2 different and/or distinct radio
block subsets in frequency-domain. A subframe containing SAs may contain SAs for high
priority D2ZD data transmission in RBs 10-30, and SAs for low priority D2D data in RBs 40-60.
These may be referred to as SA pools in frequency-domain. Subframes containing DZD data may
mehade high-priority and/or low priotity fransmissions, such as where desigoated in one or maore
{e.g., all} RBs,

116} The frequency-domain SA pool {e.g., first frequency-domain SA pool in FIG.
3} may carry SAs for accompanying high priority D2D data transmissions, such as in the D2D
data pool over the duration of 2 scheduling peried. The frequency-domain SA pool (e.g., second
frequency-domain SA pool in FIG. 5) may carry SAs for the accompanying lower priority D2D
transmissions, for example, in the D2D data pool

[8817] High-priority D2D data (ransiissions may {e.g., may only) be transmitied by
using radio resources from the high-priority SA pool (e.g., first SA pool) in frequency-domain,
Lower priority D2D data transmissions may (e.g., may only)} be transmitted by using radio
resources used for the lower-priority SA pool (e.g., second SA pool) in frequency-domain, SAs
from the high-priority SA pool {e.g., first SA pool) and/or the lower-priority SA pool (e.g.,
second SA pool} in frequency-domain may correspond to D2ZD data transmitted on the shared
radio resources of the D2D data pool.

[8118] Priority handling for D2D transmissions may be improved. For exanple,
priority handling for D2D transmission may be taproved wher lower priority D2 transmissions
might not oceur on the higher priority SA radio resources in frequency-domain. For network
controlied radio resource allocation for SA on the high priority pool(s), the low priority D2D
devices and/or channels might not compete for such segregated FOM radio resources. For
contention resolution on such SA vesources, the low priority D2D devices and/or channels might
not compete for such segregated FDM radio resources. For random radio resource selection to
determine the SA by DZD terminals, the low priority D2D devices and/or chanoels might not

compete for such segregated FOM radio resources. Higher priority D20 data may have a chance
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{e.g., significantly higher chance) of being transmitted, for example, due to avoidance of
mterference and/or contention on the SA radio resources. Priority based access mechanisms may
be implemented, for example, while preserving the principle and resource utilization (e.g.,
inherent resource utilization) efficiency of shared D2D daia pools.

119} Priority based access for D20 communications may be realized through TDM
and/or FDM of the SA and/or the D2D data pools. The vesource pools for {e.g., both) the SA and
the 2D data may be segregated in frequency and/or time.

11287 Priority based aceess for D20 communication may be realized through TDM
and/or FDM of the SA pools, for exampile, while using shared D20 data pools.

{6121} Examples described herein may be extended to the cases of more than two
priority classes with SA or data pools in either time- and/or frequency-domain. For example,
N=M=4 priority categories corresponding to four different and/or distinet subframe subsets for
SAs and data may be used. Radio resource segregation using TDM or FDM may be extended to
the case of more than L1=1 subframes allowed for SA per pool per scheduling period. Enfferent
lengths of scheduling periods may be used. SA transmissions may correspond to D20 data
transmitted in a later scheduling period and/or in multiple schedubing perieds. For example,
mdependently or in conjunction with scheduling periods, principles of semi-persistent, time-
limited and/or dynamically granted D2D data transmissions may be used with TDM and/or FDM
principles. Time and/or frequency resources might not be contiguous. The examples of SA and
D2D data may be used for illustration purposes. The principles of TDM and/or FDM radio
resource segregation may be equally described when using different D2D channels or signaling

messages. For cxample, DZD discovery messages may be separated in TDM from D2ZD control

signaling.
183122} Transmission opportunities may be determined, for example, by the following.
{6123} D20 transmission opportunitics for D2D priority based access using full or

partially segregated TOM/FDM radio resources may be advertised by a controlling device. The
contrefling device may be a D2D terminal and/or an LTE radio network device, such as a base
station.

#1241 A controlling device may signal a set of radio resources {e.g., first set of radio
resources) o be used for high priority D21 dats transmissions. A controlling device may signal
a set of radio resources {e.g., second set of radio resources) to be used for lower priority D2D
data transmissions. Radio resource sets may distinguish between different types of D2D data
and/or controf or service messages. Radio resource sets may inclode different parameter sets for

different types of signaling. The controlling device may signal different scts of resources and/or,
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for ome or more, or cach, sct of resources, U may signal the associated priority levels {e.g., or
access classes) that may be allowed to use the corresponding resources.

{6125} The controlling device may {e.g., explicitly) signal those radio resource sets
by using a shared control channel, such as a BCH or PD2DSCH broadcast channel. For example,
syster information on BCH may contain & combination of cither one or both of subframe
number or subframe sets, or frequency resources in combination or association with access
prigrity level(s). Such D2D access and/or priority lovels may be given {e.g., explicitly}, Such
D2ZD access and/or priority levels may be derived (e.g., tmplicitly), for example, on the order in
which they may be commumnicated. Such D21 access and/or priovity levels may be given as part
of an index hst.

(6126} D20 transmission opportunities for DZD priority based access using full or
partially segregated TOM/FDM radio resources moay be derived by D2 terovnals, for example,
from observing and/or decoding known transmission formats and/or reference signals.

{127} A controlling device may sot up corresponding radio resource sets in support
of D20 priority based access for use in its vicinity. For example, the controliing device may
fransoit 2 D20 signal (c.g., first D21 signal) using a transmission format (¢.g., first transnussion
format) in a ime/frequency resource {e.g., first fime/frequency resource) for high priority access.
The controlling device may transmit 3 D2D signal {e.g., second D2D signal) using a transmission
format (¢.g., second transmission format) in a time/frequency resource (e.g., second
time/frequency resource) for lower priority access. The D2D signal (e.g., first D2D signal) may
be an SA using a payload field and/or code point to indicate high priority. The D2D signal (e.g.,
second D20 signal) may be distinguished from another DZD signal {e.g., the first D2D signal)
through its L1 transmission format, such as the choice of pilot symbols and/or encoding
sequence(s). A D2D terminal intending to transmit and/or receive D2 data may determine
access and/or priority levels for time- and/or freqoency resowrees {e.g., implicitly) by observing
such transmissions from another DZD terminal indicating and/or characterizing high and low
priority radio resources from the controlling device. The controlling device may determine the
relationship between observed D2D signals and/or the used time-/freguency resources. The D2D
terminal may cstablish a fist and/or database that may be representative of transmission
opportunitics for bigh or low priority D21 data obtained from the occurrences of observed
signals.

[6128] D20 transmission opportunities in time or frequency domain for D2D priority

based access using full or partially segregated TDM/FDM radio resources may be derived by
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D213 teroinals from tireing relationshipds), for example, with respect to known and/or
observable reference signal(s).

[6129] For example, such a reference signal may be the occwrence(s) of a timing
and/or frequency acquisition signal, such as DZDSS, DL Sync Signals, or PDZDSCH. A
receiving D20 terminal may determines oceurrence(s} of such a reforence signal. A receiving
D2D terminal may compute expected occurrences in time-domain of transmission opportunities
for high or low priority D2D data. Timing relationships may be implemented and/or given
through s formula, for example, using an tndex or counter representative of time as one
parameter, such as SFN. Timing relationships may be given by a bitmap and/or tabulated st of
values. For example, high priority D2D transmission opportunities may be given in every 8th and
9th subframe, beginning from measured ccourrences of a DZDSS from a transmitter, while low
priority fransmission opporfunitics may be given in every 12th subframe, while being offset by 3
subframes from a first D2DSS occurrence.

#3136} Examples described herein may be extended to the use of more than two
priority classes, or to the use of different timing relationships or different signaling format
representations.

18131} Agcess mechanisms may be based on the use of radio resource transmission
parameters.

[8132] Priority based access for DZD communications may be realized through the
use of different radio resource ransmission patierns (RRPTs) for D2D data in time- and/or
frequency-domain, for example, where RRPTs for use with high or low pricrity D2D data may
be characterized by different allocation densities in time/freguency domain over a given time
period.

[83133) Prionitized D2D access using different radio resource transmission patterns
may be realized on radio resources used for scheduling assignments (SA), data, control or service
signaling such as D2D discovery, for any one of theDZ2D data signals/channels, or for one or
more {¢.g., some) of these D2D data signals/channels in conjunction.

[8134] FIG. 6 is an example diagram of priority based access through different
resource allocation densities for D2D subframe pools, such as TDM. In FIG. 6, different
numbers of subframes per scheduling period may be allocated and/or configured with time-
domain segregated resources for SA and D2D data for high- and low priority D2D data (e.g.,
respectively).

(6135} In FIG. 6, a radic resource transmission {(e.g., first radio resource

transoussion) pattern (RRTP) may be configured for high priovity D2D data allowing for 31 D2D
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data subframes per scheduling period of 160 s, while a {e.g., second) RRTP for low priority
D20 data allowing for 18 subframes per scheduling period may be used.

[8136] The high-priority SA pool {¢.g., first SA pool in FIG. 6} and/or corresponding
D2D data pool may allocate a different smount of radio resources per time period, for example
one scheduling peried, than the low-priority SA pool {c.g., second SA pool in FIG. 6) and/or
corresponding D2D data pool (e.g., almost twice as much).

#3137} Priority handling for D2D transmissions may be improved, for example, in
that for the same resource usage cfficiency per D2D transmission, lower priority DZD
fransmissions may take longer to coroplete than high priority D2D data transmissions. High
priority D2ZD data transmissions may make use of more resource allocation space in time and/or
frequency {c.g., a “bigger pipc”), which may tmprove their time to compliete transmissions
and/or tmprove upon their observable signal 1o noise and/or interference ratios (SINR}, such as
when compared to the {(e.g., second) low priority SA and D2D data pools.

[#138] Asg shown in FIG. 6, ime-multiplexed SA and D2D data resources may be
extended to TDM and may be applied to SA radio resources while {(e.g., only while) using shared
3213 data pool(s). The exanmple shown in FIG. 6 may be extended to frequency-domain
allocations for the SA or the D2D data pools, or both,

[6139] The example shown in FIG. 6 may be adjusted, for example, by allowing for
radio rescurce densitics in time to be adjusted for difforent transmission characteristics that may
be expected for the high priority SA (e.g., first high priority SA in FIG. 6) and D2 data pools
when compared to those used for the low priority D2D {(e.g., second low priovity D2D i FIG. 6)
transmission opportunitics. For example, if high priority D2D data mainly consists of voice
broadcast channels occupying 3 PRB’s per subtrame for which 5 total transouissions per 20 s
period may be used to sustain an operating SINR of §-1dB for BLER at target lovels 2-4%, while
low priority D2D data consists of D2D discovery using 2 PRB’s and no repetitions fo attain
detection reliability against an operating SINR of § dB, then the SA and data pool {e.g., fitst SA
and data pool’ may be over-dimensioned in an order approach {c.g., first order approach), such
as by taking {e.g., only taking) the number of expected re-transmissions into accoumt for the
same of simifar amount of offered traffic, adjusted by an over-provisioning factor for higher
priority traffic, as desired.

[8144] FIG. 7 18 an example diagram of priority based access through different
resource allocation densitics {e.g., transmission parameters). In FIG. 7, different numbers of

subframes per scheduling period may be used by a D2D terminal with time-domain segregated
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resources for SA and D20 data, such as while transmitting high- and low priority D20 data (c.g.,
respectively).

{8141} A radio resource fransmission pattern (RRTP) (e.g., first RRTP in FIG. 7} may
be used by the D2D terminal for high priority D2D data, while the D2D terminal may usc a
different RRTP (e.g., second different RRTP in FIG. 7} for low priority D2D data.

3142} In F1G. 7, a shared D2D data pool may be configured. A D2D transmitter
wtending to send high-priority D2D data, such as voice, may send an SA indicating a, RRTP
{c.g., first RRTP) that may vesult in the use of 28 subframes over the Scheduling Period of 160
s, For the transmission of lower priority D2D data, such as D2D sigoaling, the D2D
transmitter may use a distinct or different RRTP (e.g., sccond RRTP in FIG. 7} that may result in
the use of 19 subframes (2.g., only 19 subframes} over that same Scheduling Period.

[8343] The high-priority RRTP {e.g. first high-priority RRTP in FIG. 7} and/or the
low priority RRPT (e.g., sccond low priority RRPT in FIG. 7) may allocate different amounts of
radio resources per time period, such as one schedaling period.

144} Priority handling for D2D transmissions may be tmproved, for exanple, in
that for the same rescurce usage ctficicncy per D20 transmission, lower priority D2D
fransmissions may take longer to complete than high priority D2D data transmissions. A D2D
transmitter device may select {e.g., autonomously select) the amount of radio resources used to
transmit D2D data, for example, corresponding to the case of high versus low priority D25 data.
Shared D20 data pools may be used any may improve upon resource utilization and efficiency.

[3145] In FI1G. 7, time-multiplexed SA and D20 Bata resources may be extended to
frequency-domain allocations for the RRPTs applied to the SA or the D2D data pool(s).

18146} Time- and frequency domain allocations may be combined through the radio
resource transmission patterns, for example, to achieve different allocation densities over a given
time period. This may be extended to account for different transmission characteristics of 2D
data, for example, as described herein,

6147} Examples described herein (e.g., with respect te FIG. 6 and FIG. 7) may be
extended to the cases of more than two priority classes with SA or data pools in either time- or
frequency-domain. For example, N=M=4 priority categories corresponding to 4 different and
distinct radio resource transnission patteros may be used. Different lengths of scheduling
periods may be used.  SA transmissions may correspond to D20 data transmitied in later and/or
muitiple scheduling periods. Independently or in conjunction with scheduling periods, principles
of semi-persistent, time-limited or dynamically granted D2D data transmissions may be used

with above described principles of different radio resource fransmission densities per time
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period. While the examples used SA and D21 data for illustration purposes, the principle of
radio resource fransmission densities per time period may be equally described when using
different D2D channels or signaling messages to implement priority based access.

(6148} D20 transmission opportunities for D2D priority based access using different
radio rescurce transnussion patterns (RRPTs) for D20 data may be advertised by a controlling
device. RRPTs for use with high or low priority D2D data may be characterized by different
allocation densities in time/frequency domain, such as over a given time period. The controlling
device may be a D2D terminal. The controlling device may be an LTE radio network device,
such as a base station.

[6149] A controlhing device may signal a set of radio resources (e.g., first set of radio
resources) with a {e.g., first) radio rescurce allocation density over a time period for use with
high priority D2D data transmiissions. A controlling device raay signal a set of radio resources
{e.g., second set of radio resouwrces) with a different radio resource (e.g., second different radio
resource) atlocation density over a time period for use with lower priority D2D data
{fransrnissions.

18154] The controlling device may (e.g., explicitly) signal those radio resource sets,
for exarople, by using a shared control channel, such as a BCH or PD2DSCH broadeast channel.
System mformation on BCH may contain a combination of one or both of subframe mumber or
subframe scts, or frequency resources in combination, or association with access priority level(s).
Such D2D access and priority levels may be given (e.g., explicitly), may be derived {c.g,,
tmplicitly} on the order in which they are communicated, may be given as part of an index hist, or
may be derived by the order in which they are communicated.

1181} 1320 transmission opportunities for D20 priority based access may be
determined by a transmitting D2D ferminal, for example, in the form of distinct radio vesource
transmission patterns (RRPTs) for D2D data, such as where the RRPTs for use with high or low
priority DZD data may be characterized by different allocation densities in time/frequency
domain over a given e period.

[B153] A D20 transmitier device intending to transmit D2D data may {(e.g., first)
determine whether its DZD data corresponds to the category of high priority data or to low
priority data. The D2D transmoitter roay determine the corresponding SA and/or data radio
resources for use with s D2D data transmission, for example, as an outcome of the
determination of priority. The D2D transmitier device may select an RRPT {e.g., first RRPT) to
be used for high priority D2D data, or an RRPT (e.g., sccond RRPT) to be used for low privrity

data, such as where the RRPTs arc characterized by different allocation densities in
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time/frequency domain over a given time period. The D2D transmitter may transmit SA and/or
D20 data on the determined radio resourees. Transmission of SA and D2D data may terminate,
for example, when there is no more data to transmit. A re-evaluation and/or determination of
appropriate radio resources may be conducted, for example, when there may be a change to radio
resources allowed for the high or low priotity SAs, or when a new scheduling peried begins.

{3153} A 1320 receiver device intending to decode D2D data may deternune SA
and/or data radio resources. The D2D recetver may determine whether high priority or low
priority D2D transmissions may be reccived on the corresponding radio resources. The D2ZD
receiver may deteroudne a radio resource transuussion pattern (RRTP) that may be reproserndative
of the access priority of D2D data, such as may be indicated or decoded or derived from the D2D
signal transmission. As a function of the RRTP, the B2D receiver may attempt to decode and/or
demodulate at least the subset of radio resources, for example, as a function of the determined
parameters.

(154} Different radio resource transmission patterns (RRPTs) for D2D data using
prioritized sccess may be determined by a transmitting D2D terminal, for example, from timing
relationship{s). RRPTs for use with high or low priority D20 data may be characterized by
ditferent allocation densities in time/frequency domain, for example, over a given time period.

[6155] For example, when using a reference signal to determine timing parameter(s),
these may be the occurrence(s) of a timing and/or frequency acquisition signal, such as D2DSS,
DL Syne Signals, or PD2DSCH. A transmitting D2D terminal may determines an RRPT (e.g.,
first RRPT), such as a baseline pattern with respect to the occurrence(s) of the timing reforence.
The transmitting D20 terminal may determine an adjusted RRPT (e.g., second adjusted RRPT)
for use for its D20 transmission, for example, by using the deterodned RRPT as an fnput (e.g.,
first input} and a parameter whether D2D data is high or low priority as an input {e.g., second
input). Timing relationships may be implemented or given through a formula using an ndex or
counter representative of time as one or more parameters, such as SFN. Timing relationships
may be given by a bitmap or tabulated set of values. For example, high prionity D2D
transmission opporiumities may be determined from a baseline RRPT pattern resulting in
transmission in every fourth subframe, beginning from measured occurrences of a DZDSS from a
fransmoitter, while low priority transmission opportunities may be determined {c.g., only) for
every 12th subframe, while being offset by three subframes from a first D2DSS occurrence.

{8156} Examples described herein may be extended to the use of more than two

priority classes, or the use of different timing relationships.
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18157} Access mechanisros may use guaraniced segregated resources for high priovity
devices.

[6158] The priority access may be performed by guaranteeing and/or potentially
reserving a set of resources that may be used by higher priority data ransmissions. The resources
may cerrespond to a set of time/frequency resources for SA and/or data pools {e.g., including a
set of patterns). Higher priority WTRUs may have guaranteed access to these resources, Lower
priority WTRUs may use the high priority reserved data resovrees, for example, if those
resources are not being used by high priority data.

18159] The SA resource pools may be segregated in time and/or frequency for
different priority access WTRUs and/or data transmmissions. For example, the first N SA
subframes in a scheduling period may correspond to subframes that may be used by {(e.g., only
by} devices transmitting high priority data and/or devices that may be high priority devices.

8166} A WTRL may monttor the resources (e.g., SA resource/subframes)
configured for transmission of data with higher priority than the available data in the WTRU.
The WTRU may monitor the subframes reserved for higher priority data transmissions.

161} If the WTRU determines that at least X (e.g., where X may be a configurable
number) higher priority scheduling occurrences may be detected on the higher priority SA
resources {e.g., in the current or past schediding period(s), e.g., over a predefined window), the
WTRU may transmit the lower priority data on {e.g., only on) the resource pocl(s)
reserved/configured for the low priority data.  [f the WTRU determines that at least X higher
priority scheduling occurrences may be detected on the higher priority SA resources, the WTRU
may transmit {¢.g., only transmit) using one or more {c.g., onc}) of the RRPTs sclected from the
fist of RRPT to be used for low priority data or configured for the priority level of the available
data for transmission. This may cnsure that, it there is at least one high priority data
transmission, the lower priovity WTRUs might not attempt to use the resources for higher
priority data. If loss than X scheduling cccurrences are detected, the WTRU may select
resources from the data resouree poot configured for higher priority data and for lower priority
data. If less than X scheduling occurrences are detected, the WTRU may select from the st of
RRPTs reserved for higher priority data and for lower priority data.

1162} The WTRU may (e.g., first) decode the SAs transmiticd on the high priovity
SA resources and determine the set of resources or set of RRPTs used by the high priority data.
The WTRU may exclude the set of resources or set of RRPTs used by the high priority data from

the list of available RRPTs or availabie resources to use. This may allow a WTRU transmitting
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lower priority data to make usc of resources that might not be used 1o fransmit higher priority
data.

{8163} 4 SA subframes per Scheduling period of 80 ms may be configured for D2D
transmissions. The sct {e.g,, complcte set} of SA subframes 1-4 may be used for transmission
and/er reception by WTRUS, e.g., for high priority D2D data. The subset of SA subframes 3-4
may be used by WTRUs for low priority D2D data (e g, only the subset of SA subframes 3-4
may be used by WTRUs for low priority D20 data). A WTRU may (e.g., first) determine
whether the D2D data it has to transmit 1s high or low priority DZD data. if the WTRU
deteraines that its D2D data is low priority, the WTRU may determine whether high priority
D2D transmissions by other WTRUs are armounced for the Scheduling period from decoding
SAs in the 4 available SA subframes. I it finds such high priority SAs, it may extract decoding
mformation and/or determine fransmiission parameters corresponding to these high priority SAs.
The WTRU may determine a set of D2D SA and corresponding D2D data sabframes currently in
use by other high priovity WTRUs, The WTRU may select SA and/or D2D data resources not in
use by a determined high-priority WTRU (e.g., all determined high-priority WTRUs) and
fransmit its own SA. I o available SA and/or D21 data resource can be found, Us transmussions
may be deferred. If, e g, as described herein, the WTRL determines that #ts D2D data is high
priority, it may select an available SA and corresponding D20 data resource for its own
transmission {e.g., any available SA and corresponding D2E data rescurce for its own
transmission),

[B164] In one or more techniques described herein, perhaps for example if the
number of high priority WTRU transmissions decoded by the low priority WTRU may be larger
than some value N, among other scenarios, the low priovity WTRU raay behave using one or
more of the following:

- Transmit on another SA pool and/or data pool i the same scheduling period;
Use the same SA pool, but transiit on another data pool in the same
scheduling period;

- Use the same SA and/or data pool in the same scheduling period, but transmit
using a TRPT and/or time frequency resources for SA that might vot be used
by any of the high priority WTRUs;

- Reduce transmit power in the current scheduling period;

- Defer transmission to the next scheduling period and/or some random time in

the future; and/or
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- Start a retransmission tirger, which, in some techuniques, porhaps after expiry,
the WTRU may retry one or more of the aforementioned, for example, among
other scenarios.

[B165] In some embodiments, for example concerning the SA resources, perhaps to
avoid collision of SA resources and/or perhaps to allow SA resources to be more readily
accessible by the high priority users, among other scenarios, the SA subframes usable for high
priority may oceor {partially or completely) first in time (2.g., as compared to the low priority
SAs). The SA resources associated to high priority WTRUs and/or those associated to low
priority WTRUSs may be configured inthe WTRUSs via signaling {¢.g., by being assigned to
different SA pools), and/or could be statically configured in one or more, or all, WTRUs.

(8166} For example, the set of SA resources (0 <= N PUCCH <NZ) configured as
subtrame resources and/or resource blocks for a specific transmit pool could be separated to
two sets where § <=N_PUCCH < N1 may be reserved for the high priority user and N1 <=
N _PUCCH < N2 may be reserved for the low priority vser {e.g., resources in earlier subframes
may have smaller or the same N_PUCCH index). Perhaps when the bigh priority WTRU
fransroits using the specific pool, the WTRU may randomiy select and/or utilize the SA
resources reserved for the high priority users {and perhaps in some technigues only such
TESOUICES ).

[8167] A WTRY with high priority {c.g., a first priority) may seiect and/or utilize any
SA resource configured for D2D SA transmission in a given scheduling period. A WTRU with
low priority (¢.g., a second priority) may utilize any SA resources which might not be part of the
SA rescurces reserved for the high priority transmissions. The low priority WTRUs may make
such deternuination by decoding the SAs associated to high priority WTRUs.

6168} For example, the first NI time frequency blocks which can be chosenby a
high priority WTRU may occur (e.g., may always oceor) prior in time to the first N2 time
frequency blocks which can be chosen by a low priovity WTRU. In other words, N1 for the high
priority WTRU may be in the set 0 < N1 < K1, while N2 for the low priority WTRLU may be
anywhere in N1 > N2 > K2, For example, the parameters N1, N2, K1, and/or K2 may referto a
time index such as subframe numbers or indices. A first SA pool for high priority WTRU
fransmissions may be available in subframes mumbered from 0 to K1=3. A second 5A pool for
low priority WTRU transmissions may be available in subframes nombered from 0 to K2=8,
Perhaps when a low priority WTRU might not detect a high priority WTRU transmission in
subframes Ni=0, 1 and/or 2, among other scenarios, it may utilize an SA resource in subframes

N2 > 2. For example, the parametors N1, N2, K1, and/or K2 may refer to a time-frequency
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index such as identified as numbered and/or indexed RB/subframe time-frequency resources. A
first SA pool for high priority WTRU transmissions may be available in subframes mumbered
from 0 to K1=2 and in 50 RBs per subframe, ong or more, or each, yielding 150 indexed
RB/subframe time-frequency resources. A second SA pool for low priority WTRU
transnissions may be available in subframes numbered from € 1o K2=5 using 20 RBs per
subframe, one or more, or cach, yielding 120 mdexed RB/subframe time-frequency resources.
Perhaps for example when a low priority WTRU might not detect a high priority WTRU
transmission in the 150 indexed high priority RB/subframe time-frequency resources, among
other scenarios, it roay utilize an SA resource i the 120 indexed low priority RB/subframe time-
frequency resourees.

[8169] A WTRY with low priority transmissions may use (¢.g. at least a part of) the
SA resources tor a scheduling period which ave reserved for high priority WTRUSs, perhaps for
example after the WTRL with low priority transmissions may deternyine that these resources
might not be used, among other scenarios. For instance, if an SA (imitial transmission and/or
retransmissions) inchudes at least 2 distinet time/frequency blocks which are associated together,
the WTRU with low priority fransraissions, perhaps for example after determining that the first
PUCCH transmission may be unused, can use the remaiming PUCCH transmission which may
belong to the high priority WTRY transmission. The WTRU may transmit with one or mare of:
fewer repetitions, modified ransmit power, and/or yeduced MCS.  The low priority WTRU,
perhaps for example when having determined that there are no transmissions by the higher
priority WTRU, among other scenarios, may utilize the SA resources not reserved for low
priority WTRUs. Determination of which selection o make may be a random decision, perhaps
for exarople based on some signaled criteria, and/or may be based on channel measurements.,

16174 A WTRU may apply the same or different behavior in the example described
herein on one or more transmit pools, and perhaps in some scenarios may do so simultancously.
For instance, a low priority WTRL may listen for high priority transmissions in one or more, of
nultiple, pools perhaps before selecting the pool on which to transmit. Different pools may have
different reservation rules for the SA resources between high and/or low priority WTRU
transmissions {(¢.g., a pool Imay have one or more distinet SA resources for bigh and/or low
prierity while pool 2 might not).

16171} Using features described herein, high priority D2D transmissions may have
preferential access {e.g., first access) to configired and/or available D2ZD transmission resources.
Low priority DZD transmissions may be selected as a function of these and are may be

transmitied if D20 transmission resources are still available. Given that WTRUs may be
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decoding incoming SA i SA carrying subframes to determine whether they may receive
corresponding D20 data as part of monitored talk groups, using available information obtained
from decoding SAs to determine which D2D transmission resources are occupied may come at
little added decoding complexity,

@172} In some embodiments, specific resources may be reserved for high priority
transmissions and/or the high priority WTRUSs may transmit an occupancy flag to indicate to the
low priority WTRUs that they may use the high priority SAs and/or data resources for a given
scheduling period. The occupancy flag may be transmitted as part of the SA {c.g., at the
beginning of the SA}, and/or could he transmitted 1o an SA in advance of the target scheduling
period, perhaps for example to indicate the occupancy of one or more SA resources in one o1
mode future scheduling perieds. The occupancy flag may be transmitted in a scparate chanuel
{c.g. D2DSS and/or PDRZ2DSCH) that may be read by one or more, or all D2D WTRUs. A flag
may be associated with a {c.g., a single) SA resource, with a pool and/or resources, and/or with
one or more, or all, resources avatlable for transmission of DZD.

1173} For example, 4 SA sobframes per scheduling period of 80ms may be
contigured for D2D transmissions. A (e.g., a single) occupancy flag associated o subframes |
and 2 can be set whenever a high priority WTRU may utilize cither of these subframes. A low-
priority WTRU may wish to transmit SA and/or {¢.g., subsequently) data. The WTRU may
check for the presence of the occupancy flag, perhaps for example, to determine whether there
arc any higher priority WTRUs planning to transmit SA for that scheduling period. When the
occupancy flag is set, among other scenarios, the lower priority WTRUs may be utilize {c.g.,
may only wtilize) subframes 3 and 4. When the occupancy flag is not set, among other scenarios,
the lower prierity WTRU can select any SA resource(s) for transmissions.

16174 For example, a high priority WTRU which may have selected resource(s) on a
scheduling period x {e.g., and/or indicated this using the occupancy flag), may also mdicate that
it may re-usc the same SA resource(s) and/or data (c.g., RRPTs) on the following SA period. In
such scenarios, among others, 2 low priotity WTRU might not use the high priority resources for
the next two scheduling perieds, for example.

#3175} A WTRU may be configured {c.g., by the eNB and/or ProSe function) and/or
may be pre-configured to be allowed to transmit an occupancy flag that may be destined to the
low-priority users. For example, 8 WTRU may be configured 1o be used by a “special user”
(police chief, fire chief, etc.). A WTRU, perhaps for example under ceriain circumstances and/or

triggers (€.g. an cmergency situation), may (e.g., may be aliowed) to transmit the occupancy flag.
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This trigger may allow the WTRU to do so for a period of time, perhaps for example a finite
period of time.

{8176} In some embodiments, the WTRU may measure and/or determine the sigual
strength and/or signal occupancy of the set of resources for SA and/or set of RRPTs that may be
reserved for the high priovity data. The WTRLU may transmit {¢.g., may ondy fransmit) on those
resources, perhaps for example if the signal strength and/or signal occapancy is below some pre-
defined and/or known threshold. Measurement may be made at the time instant and/or
scheduling period in which the WTRU may wish to transmit, and/or they may inchide a
mecasurernernt made on a past scheduling period and/or averaged over several scheduling periods
in the past. The measurement may inchide a measarement and/or RSST and/or similar cccapancy
or interference measurement. The thresholds may be statically defined, and/or they may be
configured in the WTRU via RRC signaling and/or via PHY -layer signaling in a D2D
Synchronization Channel (PD2DSCH).

{8177} For example, 4 SA sobframes per scheduling period of 80ms may be
configured for DZD transmissions. The complete set of SA subframes 1-4 may be used for
fransmission and/or reception by WTRUs for high priovity D20 data. The subsct of SA
subframes 3-4 {¢.g., only such a subset) may be used for WTRUSs for low priority D2D data. A
WTRU may determine whether the D2D data it may wish to transmit is high or low priority D2ZD
data. If the DZD daia is low priority, among other scenarios, the WTRU may check the signal
occupancy of SA subframe 1 and/or 2. This signal occupancy could be an averaged
measurement of RSST over the last N subframes, for example. If the signal occupancy measure
of either of these subframes is below a threshold, the WTRU having low priority data to transmit
may select that subframe for transmission. If the eccupancy measure is above a threshold,
among other scenarios, the WTRU with low priority data 1o transmit may use subframes 3 and/or
4 for transmission. A WTRU that may determine that it has high priority DZD data to transmit,
amaong other scenarios, may transmit using SA subframe 1 and/or 2, or may transmit on any of
the 4 SA subframes.

[8178] In some embodiments, there may be different priority levels, correspondingly
different SA subframes, and/or different thresholds. A WTRU with the lowest priority level
{e.g., out of 4 levels) may check the occupancy measure for one or more, or each, of the 4
subframes. Ifthe occupancy level of any of the 4 subframes 15 below the corresponding
threshold for that subframe, among other scenarios, the WTRU may transmit on any of the
subframes where the sccupancy lovel was below g threshold. If none of the SA subframes meets

this criteria {¢.g., at any timc), among other scerarios, the WTRU with low priority data to
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fransoit oay defer its transodssion to the next SA period and/or may repeat the described
technigues.

(8179} In one or more techniques, one or more, or a set, of SA and/or data resources
may be reserved. High priovity WTRUSs, perhaps when utilizing such rescurces, among other
scenarios, may transmit with bigher power than the low priority WTRUs, WTRUs with high
priority fransmissions may use {(e.g., may be restricted to use) these reserved resources. WTRUS
with high priority transmissions may use one or more, o1 all, resources, perhaps while respecting
the transmission power values associated with the high priority WTRUs, WTRUs with low
prioTity transmissions may use one or more, or all, resources (e.g., reserved and/or non-reserved),
perhaps while respecting the transmission power values associated with the low priority WTRUs.
One or more techniques in which the low priority WTRUs may transmit with lower transmit
power on resources reserved for the bigh priority WTRUs may be used in combination with
other techniques described herein,

[B188] In one or more of the techniques described herein, the guaranteed segregated
resources for the high priority WTRUSs may be signaled by the network (e.g., via RRC, NAS,
and/ or MAC signaling), and/or could be siatically determined and/or defined. They may be
detined/determined by the ProSe function. The presence of guaranteed segregated resources
may be determined dynamically by one or more, or each, WTRU, perhaps based on one or more
rules, and/or might not be the same for all WTRUs. For example, a low priority WTRU may
determine that the segregated resources may be present on a given scheduling period, perhaps for
example based on measurements made of the current and/or previcus scheduhing period, and/or
current and/or past determination{s} of the presence of high priority WTRUs. For cxample, low
priority WTRUSs may respect the rules associated with one or more segregated resources on these
scheduling periods, perhaps for example while operating using normal Release 12 rules on
scheduling periods where such determination(s) may indicate that there might not be any
segregated resources present.

(G181} Features described herein may use a specitic and/or Hmited configuration
using SA subframes; the operational principle may be extended to D20 subframes other than
SA, such as including D2D subframes and/or frequency regions allowed for D2ZD transmission.
Features described herein may be applied for the case of more than 2 priority levels, e.g., more
than low and high, e g, low, medium, and high, a range of priorities, efc. The features described
herein (e.g., tiered B2D transmission rescurces to allow for higher priority WTRUs to use
time/frequency resources first, and lower priority WTRUs {0 choose their own DZD transmission

resources in time/frequency after determining {e.g., only after determining) which ones are

O
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announced it use by higher priority WTRUs) may be applied to other D2D signals and/or
chanmels other than SA.

(6182} Access mechanisms for D2D control and data may be provided.

[8183] D20 data transmissions carrying control signaling may be received and/or
transmitied by a WTRU iu a set of designated tfime/freguency resources.

[B184] D2D control signaling may refer to application laver control messages
exchanged between D2D WTRUs for the purpose of floor control, session control, connection
cstablishment and/or similar purposes, e.g., to administer group calls. D2D control signaling
may correspond to radio messages used for the purpose of managing D20 connections and
reception and/or transmissions in WTRUs. Control signaling at appHcation layer may be a self-
containgd D20 PDU, or #t may be multiplexed with B2D data such as carrying VolP packets or
segments thergof.

[H185] A set of designated time/frequency resources for transmission and/or
reception of D2D control messages may be obtained from one or more of the following
parameters: timing values such as frame or subframe counters; celi-wide or D2D system frame
values; timing offsct value(s) applied to a reference subframe or frame; offsct applied to
occurrence(s) of a selected cell-wide or D2D signal or channel; frequency indices, RBs, or group
of frequency regions; cell-wide or D2D system or WTRU identifier; group communication
identificr; or channel or group index value(s).

[B186] Some ov all parameters may be pre-configured in the WTRU, or they may be
obtained through configuration signaling doring system operation, or they may be derived by the
WTRYU by means of a lookup table or formula or equivalent. The WTRU may derive DZD
fransmission resources as a limited and/or designated subset of the available D2D fransmission
resources, e g., after determining D2D subframes, allowed frequency regions, efc.

[8187] The WTRU may transmit or receive a D2D control message in a set of
seiected and/or reserved subframes that may comprise a subset of possible D2D data sobframes.
When a scheduling period of 40 ms is used, every 4th scheduling period may include D2D
control messages or signaling e.g., for cither one, selected or possibly one or more, or each, D2D
communication group.

19188} A set of ime/frequency transnussion patterns may be used for transodssion
and/or reception of D20 control messages. The set of fransmission patierns may be pre-
determined and/or fixed, or it may be derived by a DZD WTRU, e g, as a function of D2D
transmission parameters. When 64 possible transmission patterns are obtained following D2E

data subframe aliocations, the first 7 of those (e.g,, only the first 7 of those) may be used for the
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purpose of transmitting D2 control signaling asseciated with a D21 conununication group.
Using features described herein, useful and/or time-critical D20 control signaling may make use
of reserved D20 transmission resources in the system, e.g., it might not be interfered or suffer
from lack of transmission opportunity when D2D data such as VoIP is concurrently transmitied
m the D20 transmission resources.

{3188} A 1320 transmitier device may transmit D2D data. For examples described
herein, a D2D transmitter device intending to transmit D20 data may determine (e.g., first
determine) the highest priority data available for transmission and the associated priority level of
3213 data. The WTRU may determine the priority level of the WTRU (e.g., a high priority
WTRU). The D2D transmitter may determine the corresponding SA and/or data radio resouorces
for use with its D2D data transmission, for example, as an outcome of the determination of
priority. The D2D transmitter may transmit SA and/or D2 data on the determined radie
resources. The WTRU may determine the D2D data resources it may use, for example, as a
function of resources vsed by higher priority users in the system. Transmission of SA and D2D
data may terminate, for cxample, when there is no more data to transmit. A re-ovaluation and/or
deterayination of appropriate radio resources may be dong, for example, when there may be a
change to radio resources allowed for the high or low priority SAs, or when a new scheduling
period may begin or when a time-limited grant may expire.

[§194] A D2D receiver device may receive DZD data. A D2D receiver device
mtending to decode D2D data may determine SA and/or data radio resources. A D2D receiver
device may determine whether high priority or low priority D2D transmissions may be received
on the corresponding radio resources. The D2D receiver device may atierapt to decode one or
more, or all, and/or (e.g., only) a sclected subscet of radio resources determined as a function of
parameters, such as D20 serviees that may be received. For example, if there is an ongoing high
priority D20 data transmission {6 be received by the device, it may choose to not receive on
radio rescurces corresponding to the lower priority SA/data pool, for example, if there are
receiver processing counstraints. For exanaple, if the device may be configured to receive selected
{e.g., only certain selected) types of D2D signals/channels, such as low priority background
service signaling, it may forego reception and/or processing of radio resources corresponding {0
the high prierity SA/data pools. The D2D receiver device may usces the determined radio
resources 1o demodulate and/or process the D20 data transmissions.

{6191} Priority based access may uiilize contention resohution of radio resources.
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18192} Priority based access for D20 communications may be realized through the
use of persistence parameter(s), for example, while determining time/frequency resources for
D20 transmission.

[8193] Persistence parameter(s) for use with prioritized D2D access may be
associated with radio resources for schedubing assigmments (SA), D2D data, control or service
signaling such as D20 discovery, for example, for one or more of D2D data signals/channels or
for one or more or some D2D data signals/channels. The use of persistence parameter(s) may be
combined with different resource selection approaches, such as random resource sclection,
channel busy measurements, or resource allocation by means of D20 grants.

(8194} FIG. B is an example diagram of priority based access for D2D data using
persistence parameters {e.g., SA}. In FIG. §, persistence parameters may be used by a B2D
transitier device with D2D data 1o transmit to deternune if radio resources may be used by the
transmitier device, and if they may be used, determine the SA resources that may be used for
priority based D2D data at the beginming of a scheduling period.

#1985} The D20 trapsmitter intending {o fransmit DZD data may determine a set of
available SA resources. The D20 transmitter may determine which SA resources may be
available by different means, such as from received configuration signaling, from pre-stored
information, and/or from channel measorements. For SA resources deemed available, the D2ZD
transmitter may draw a random number from 0...1 for one or more (e.g., every) SA access
opportunity. The D2D transmitter may compare if the random number drawn for a given SA
access opportunity is higher than a threshold value, sach as for high priority data (e.g., PH=0.2}.
if ves, it may choose to transmit any high priority D2D data on resources corresponding to the
SA in that access opportuntty. If the D210 transmitier bas low priority D2D data to transmit, i
may {¢.g., only) consider a given SA access opportunity valid, for example, if the random
munber drawn is higher than a threshold value (e.g., PH=0.8). If as an ocutcome, the D2D
transmitier determines one or more valid access opportunity, it may transmit on such a selected
SA access epportunity. The D2D transmitter may repeat the above for a next upcoming SA
resouree pool.

#1986} The D20 trapsmitter may (e.g., on average) determine a number {e.g., around
60%) of SA access opportunities as valid, for example, for (o.g., exchusive) transmission of any
high-priority data.  The D2D transmitter may determine a number (e.g., 20%) as valid for any
low and/or high priority data. The D2D transmitter may deem a number {e.g., 20%) of SA

access opportunitics as barred.

- 40 -



WO 2016/022849 PCT/US2015/044088

1197} The use of persistence parameters may statistically result in high priovity DZD
data being aliowed to be transmitted by a D2D terminal (e.g., significantly} more often than fow
priority D2D data. Priority based access for D2D communications may be improved by making
the higher priority data (e.g., conirol signaling) and/or users win resource selection of SA and/or
data more often than lower priority users.

[8198] FIG. § may be extended to more than two priority classes with 5A or data
pools. For example, persistence parameters associated with N=4 priority categories may be used.
Access opportunities for D20 data iransmission may be counstrued from a set of time/frequency
resources determined and/or signaled and/or limited to within different subframes and/or
frequency regions. The st of available resources may be obtained from preceding
measurements and/or channel observations. The exarmpics described hercin may be extended to
persistence parameters associated with subframes and/or counters and/or indices representative
of time rather than D2D access opportunities in frequency-domain. Time and/or frequency
resources might not be contiguous.

11991 The principles described hercin may equally apply independently or in
conjunction with one or mulitiple scheduling periods, for semi-persistent, for time-limited or for
dynamically granted D2D data transmissions. While examples deseribed herein may be used in
the context of SA access opportunities, the use of persistence parameters associated with D2D
access opportunitics may cqually be applied to D2D data subframes and/or for using different
D2D chamnels or signaling messages. For example, priority based access for D2D discovery
messages, as opposed to D2D control signaling, may be determined as described herein.

162081 Priority based access for D2D communications may be realized through the
use of persistence parameter(s), for example, while determining valid time/frequency resources
for D20 transmission.

(8241} A D2ZD transmitter device may determine whether a D2D transmission
opportunity may be allowed, for example, as a combination of a channel measurement in
comjumetion with persistency parameters. The chanuel measurement may be substituted by a
{e.g., random) selection of candidate D2D transmission opportunities,

16202} Persistence parameter(s) for use with prioritized DZD access may be
advertised by a controlling device. The condrolling device may be a D2D forminal. The
controlling device may be an LTE radio network device, such as a base station.

[6263] A controlhing device may signal a sct of persistence parameters (e.g., first set
of persisience parameters) associated with radio rescurces to be used for high priority D2D data

transoussions. A controlling device may signal a set of persistence parameters {¢.g., second set

- 41 -



WO 2016/022849 PCT/US2015/044088

of persistence parameters) radio resources to be used for lower priority D2D data transmissions.
Persistence parameters may distinguish between different types of D2D data and/or control or
service messages, and may inchide different parameter sets for different types of signaling.

(62041 The conirolling device may {e.g., explicitly) signal those radio resource sets
by using a shared confrol channel, such as a BCH or PD2DSCH broadcast channel. System
mformation on BCH may contain a combination of one or both of subframe number or subframe
sets, and/or frequency resovrces in combination or association with persistence parameters.
Persistence parameters may be given (e.g., explicitly}. Persistence parameters may be derived
{e.g., implicitly} on the order in which they are commumicated. Persistence parameters may be
given as part of an index Hst.

[8285] Persistence paramcter(s) for use with prioritized D2D access may be adjusted
by a D2D torminal, for exanple, as a function of one or more of the following: observed signal
conditions, channel measurements, sensing of transmission collisions and/or interference,
detection of transmissions by higher priority WTRUs, timing and/or counter values (e.g., based
on data latoncy requirements), and/or signaling events,

18286} A trapsmitting D2D terminal may detormine (e.g., determine in a first
mstance) that no D2D access opportunity may be allowed, for example, as an cutcome of the
persistency check. The transmitting D2ZD terminal may defer an attempt for its D2D transmission
to a {e.g., second) later time instant. The DZD transmitter may decrease the threshold value for
low priority access to a lower valae {e.g,, to PL=0.7). This may be the case if, for example, a
certain condition is met (e.g. based on signal conditions, timing or counter vahue, signaling
cvents, efc.}. If during the (e.g., sccond) later time instance it still fails to transmit s fow
priority data, it may decrease the threshold to a lower value, for example, 10 0.6, {ina(e.g.,
third} later time instance i succeeds 1n transmitting low priority D2D data, the D2 terminal
may reset the threshold to the initial value, for example, PL=0.8, for any (e.g., subseguent) nitial
attempt to transmit low-priority data.

(8287} Persistence parameters may be adjusted by a D2D fransmitter, for exanple, as a
function of one or more (e.2., one) of the following events or observations, successful or failed
access attempts, available absolute or relative D2D traffic voluome in queue(s), imer or counter
valaes at expiry (e.g. for delay-sensitive fraffic or to meet latency requircroents) or as a function
of preceding D2D data transmission or reception events, received signal strength of signals or
chanmels received from other D2D terminals or LTE infrastructure nodes, etc. Adjostment of
persistence parameters by a DZD terminal may occur separately for different types of D2D daia

transouission, such as a set of persistence pararoeiers {(e.g., first set of persistence parameters)
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subject to continuous reonitoring and/or updates for D21 control signaling, a set for D21 high
priority data (e.g., second set for D2D high priority data), a sct of persistence parameters {¢.g.,
third set of persistence parameters) being adjusted as a function of signal conditions, events or
timet/counter conditions for D2D Discovery, etc.

{8288} The persistence parameters applicable o a type of transmission for a D20
terminal may be adapted as a function of property(ies) of received D2D signals, .z, transmitied
by other terminals. Such signals may or might not be intended for the D2D terminal adapting the
persistence parameters. The properties may include one or more of the following: a propricty
related to the numsber of D20 transmissions received over a period of fime, possibly from a
specific channel (e.g., PSCCH or PSSCH); or a priority level associated to at least one received
D2D transmission.

(6269} A WTRU may decrease a persistence parameter applicable 1o a type of
transmission, e.g., if it receives at least one D20 transmission (or its associated SA). The
received D2D transmission may have to satisty at least one of the following conditions: the
priority level of the received D2D transmission may have to be higher thao, or equal to or higher
than, the priority associated to the type of transmission; the received D2D transmission may have
1o be veceived no more than a certain duration after the last received D2D transmission, possibly
of the same ¢r higher priority; a group destination ID, source or destination ID associated to the
received D20 transmission may have to mateh certain value(s); the resource from which the
D2D transmission was received (e.g., resource pool) may have to match one of a set of resources,
such as a resource pool associated to the type of transmission to which the persistence parameter
is applicable.

12168] A priority level of a received D21 transoussion may be obtaimed from one or
more of the following: a field included in sidelink control information {e.g., in a PSCCH), such
as an explicit indication of priority, or a Group destination 1D that may be associated to a priority
level; a field in a MAC header of a trausport block decoded from PSSCH, such as an explicit
mdication of priority, or a seurce or destination identity associated to a priority level; a resource
from which the D20 transmission was received {e.g., resource pool and/or T-RPT).

#2114} For one or more, or cach, received D2D transmission the persistonce parameter
may be decreased by a first step size. The persistence parameter may be increased by a second
step size (e.g., which may typically be smaller than the first step size) at regular intervals, such
that its vahie e g, gradually restored to a higher level in absence of received D2D transmission.
The WTRU may periodically determine a value of the persistence parameter based on the

number or density of received D21 transmission (o1 equivalently SAs) over a past evaluation
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period, or equivalently based on the estimated load on the D2D resources {e.g., based on
cstimated average SINR, or other).

(6212} The WTRU may receive the value of the persistence parameter from a field in
PSCCH or PSSCH of the received D20 transmission and may apply this value if it is lower than
the current value and/or until a mer started upon reception of this fransraission expires.

{8213} The persistence parameter may be constrained to be within a defined range, e.g.,
such that it cannot decrease below a certain value (or increase above a certain valoe} even if one
of the above conditions is satistied.

16214} Supporting paramcters may be configured by higher layers, pre-defined, or pre-
configured. Such supporting parameters may for instance include one or move of step sizes,
intervals, duration of evaluation period, persistency values {¢.g., possibly for one or morg, or
cach, value of a reccived ficld if applicable), corresponding intervals of the number of received
transmission within an evaluation period, or mintmum and maximum values.

{8215} Properties of received D2D signal(s) as described herein may determine the
selection of a resource pool among a sct of candidate resources {e.g., which may be in addition to
persistence parameters). For examaple, the WTRU may select a resource pool that maxinizes or
mininizes a certain metvic, where the metric may be a function of the received D2D
transmissions on the resource peol. The metric may be evaluated similarly as described for the
persistence vahie herein (e.g.. decrease when the number of received D2D transmissions ina
period of time is higher).

216} Persistence parameters applcable to a type of transmission for a D2D terminal
may be adjusted as a function of properties of received D2D signal(s) transmitted by one or more
other terminals. Such signals may or maight not be intended for the D2 terminal adapting the
persistence parameters. A Property of a received D2D signal may inchade one or more of: a
property related to the number of D2D transmissions received over a period of time, for example
possibly from a specific channel (e.g., PSCCH or PSSCH); or a priority level associated with at
least one received D20 transovssion.

[8217] One or more persistence parameters may be adjusted based on a reccived D2D
transmission. For example, a WTRU may decrease a porsistence parameter applicable to a type
of transmission if U receives at least one D20 transmission. The received D2D transmission may
satisfy at least one of the following conditions: the priority level of the received D2D
transmission is higher than, or equal to or higher than, the priority associated to the type of
transmission: the received D2D transmission is received no more than a certain duration after the

last received D2D transmitssion {e.g., of the same or higher priority); a group destination 1D or
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source or destination 1 associated with the received D2D transmission matches a certain
value(s); the resource from which the D2D transmission was recsived {e.g., resource pool)
matches one of a set of resources, such as a resowrce pool associated with the type of
transmission to which the persisience parameter is applicable.

[6218] A priority level of a received D2D transmission may be obtained from one or
more of the following: 3 field included in sidelink control information {e.g. in a PSCCH), such as
an explicit indication of priority, or 3 Group destination 1D that may be associated with a priority
level; a field in a MAC header of a transport block decoded from the PSSCH, such as an explicit
fndication of priority, or a source or destination identity associated with a priority level; a
resource from which the D2D transmission was received (e.g., resource pool and/or T-RPT).

62191 One or more persistence parameters may be adjusted based on a received D2D
transoussion. One or more of the following examples may apply.

8226} When a D2D transmission is received, the persistence parameter may be
decreased by a first step size {e.g., this may occur one or more, or cach, time a D2D trapsmission
is received). The persisience parameter may be incieased by a second step size (e.g., which may
typically be smaller than the first step size) at regular intervals, such that Us value may gradually
be restored to a higher level in the absence of received D2D transmission(s).

16221} The WTRU may periodically determine a value of the persistence parameter
based on the number of received D2D transmission(s) over a past evaluation period.

[8223] The WTRU may reccive the value of the persistence parameter from a ficld in
PSCCH or PSSCH of a received D2D transmission and may apply this value if it is lower than
the current persistence parameter value. The value may be maintained until a timer started upon
reception of the transmission expires.

16223 The persistence parameter may be constrained to be within a defined range.
For example, the persistence parameter cannot decrease below a certain valae (or increase above
a certain value) even if one of the above conditions is satisfied.

18224} Supporting parargeiers may be configured by higher lavers, pre-defined, or
pre-configured. Supporting pavameters may for instance inchude at least one of a step size,
interval, duration of evaluation period, persistency value (e.g., for one or more, or cach, value of
a received field #f applicable), corresponding interval of the number of received transmission
within an evaluation period, or minmum and maximuam values,

[6225] Properties of received D2D signals as described herein may determine the
selection of a resource pool among a set of candidate resources {e.g.. this may be in addition to

the persistence parameters ). For example, a WTRU may select a resource pool that maximizes
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{or minimizes) a cortain metric, where the metric may be a function of received D20
fransmission(s) on the resource pool. The metric may be adjusted as for the persistence value as
described herein (e.g. decrease when the number of received D2D transmissions in 2 period of
time is higher).

[6226] Priority based access may include persistent radio resources.

8227} Priority based access for D20 commumnications may be realized through
persistent radio resource allocation to high priority D2D channels or signals or users.

16228} Persistent radio resource allocation may mean the use of radio resource
fransmission opportunitics that may be kept by the 132D terodual for the duration of a high
priority D2ZD transmission and/or for a pre-determined and/or for a pre-configured deration, such
as in excess of a single scheduling period. A persistent radio resource allocation may be
characterized by that a D2D terminal may keep the acquired radio resources for a prolonged
period of time, for example, without re-selecting a D2D transmission opportumity, such as when
it determines access to D2D radio resources through a channel seloction mechanism to start its
high priority B2D channel and/or signal transmission.  Channel selection mechanism may, for
example, mean randor selection of a radio resource, such as a subframe and RB combination.
Channel selection mechanism may mean measurement based radio resource selection, such as a
set of least interfored RB’s 1n a subframe. Channel selection may mean resource allocation
through another device, such as an eNB.

[8229] A D20 terminal fntending to ransmit a high priority D2D voice group
channel may determine allowed D2D subframes, for example, from pre-stored information in the
device. The pre-stored information may include a sot of subframes (c.g., first sct of subframes)
allowed for transmission of SA and/or a subframe {(c.g., sccond subframe) set allowed for use
with D2D data over a given transmission period. The D20 terminal may perform channel
selection through measurements on SA sobframes to determine a suitable, least interfered,
transmission opportunity for its SA. The device may select one or more (e.g., two) PRBs inan
SA subframe for trangmission of its own SA. Channel selection through measurements o
determine least interfered resources may imply deferral of transmission o a later time instant,
such as wheun the DZD terminal might not identify a suitable (e.g., not interfered} transmission
opportunity. The D2D terminal may transmit D21 data associated with this SA over the
corresponding scheduling period, for example, once the D2D terminal starts transnutting the SA.
The location of corresponding DP2D data in sebframes and RBs incloded within the subframes
part of the scheduling period may be indicated through a radio resource transmission pattern

{(RRTP). The RRTP may be included in the 8A, for example, as part of s payload, or it may be
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given through the ime/frequency location of the SA, or a combination thereof. The D2D
terminal may be allowed to keep the radio resources 1t acquired {e.g., as opposed to relinquish
these resources) to re-perform channel selection on SA and/or the corresponding D2D data
resources, for example, once the scheduling period is over. The D2D terminal may avoid the
channel selection and/or any ongoing high-priority D20 transmission might not be interrupted.
Priority based access may be improved {e.g., statistically) such that high-priority D2D chanuels
might not contend for access to resources. High-priovity D2D channels may contend for
resources at the beginning of a transmission.  Long {(e.g., sufficiently long) high-priority D2D
fransmissions, such as in the order of more than several scheduling periods, may utilize
guaranteed access to D2D radio resourees, for example, once acquired. High-priority D2D data
transmissions may improve, for exanple, in that they might not suffer from interruption during
an ongoing transmission due to channel sclection.

[8236] A D20 terminal that selected a D2D transmission opportunity in a time period
{e.g., first ime period) may keep the acquired radio resources in a time period (e.g., second time
period}, for example, if it may have high priority D2D data to transmit.

19231} For exarople, a D2D terroinal may have selected o fransmit the SA in RBs 3-4
of subframe 1 in SFN 1. Transmitting associated D2D data 1 selected subframes from SFN 1-
16 may keep using that same or similar SA fransmission opportanity, such as in RB’s 3-4 of SFN
17 for the next scheduling period.

8232} The examples described herein may be extended to fit the purposes of
particular D20 data characteristics. For example, the RRPT of a transmission period (e.g., fivst
transmission period) may determine the RRPT of a subsequent transmission period. The
persistent use of D20 fransmission opportumitics roay be indicated by the D2D terminal, for
example, as part of its D2D data and/or control signaling. Such an indication may be realized
through part of 2 payload, such as given by an SA information field, or through the choice of
sequence encoding parameters or initislization vahlues or scttings, or through of 3 particular
signaling format in one or more or all of the transnussion periods.

[8233] A D20 terminal that may have selected a D2D transmission opportuity at
time instant T1 may keep seloected D20 radio resources for a pre-determined amount of time
betore re-selecting a D2D transmission opportunity.

16234} For example, a D2D terminal having selected to transmit the SA in RBs 3-4 of
subframe 1 in SFN | may keep the radic resources for duration 3.2 sec.

[8235] D20 service access classes may be described herein,
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19236} D21 terounals may store as part of their D2D related configuration the D2D
service access class information related to D2D data types they may support.

[8237] D20 access class information may correspond to any type of parameter used
to support priority based access for D20 data transmissions. A D2ZD access class for a given
terounal may correspond to those D2D and/or public-safety services it may support.

[B238] A D20 terminal may (e.g., may only) support file upload and/or download. A
D2D terminal might not support public safety voice call groups, such as it might not support
audic applications. The DZD terminal may (e.g., may only) support an excuplary D20 service
access class three and use (e.g., only use) any advertised low-priority D21 access opportunitics.

{62391 A D2D terminal may support public safety voice groups and/or file upload or
download. The DZD terminal may support an exemplary D2D service access class two and/or
three and/or may use bigh priority and/or low priority D20 data access opportunitics.

8246} A 13203 terminal may support voice (e.g., only voice) and may be reserved for
use by personal in the line of command or for voice call groaps. The D2D terminal may support
a{c.g., cxemplary) D2D service access class one for highest, emergency-type, voice calls, and/or
class two for high priority D2D data access opportunities.

182413 321 service access classes may be associated with stored configuration
information that may establish different types of allowed D2D services in D2ZD terminals.

16242} D20 service access classes stored in a D2D terminal may be used in
conjunction with channel access parameters obtained from signahing to determine allowed D2D
time/frequency radio vesouvrces by that D2D terminal. For example, a D2D terminal supporting
high priority and low priority D2D data transmissions according to s stored D2D service access
class 2 and 3 may read D20 related configuration information frem a DL broadeast channel, it
may configure s transmitier as a function of decoded signaling parameters (e.g., as deseribed
herein) for these classes, and it may discard and/or disregard any information obtained according
to advertised D20 service class T of highest priority which it might not support.

[8243] D20 service access classes in a D2D terminal may be associated with a set of
stored chammel access parameters for D2D prioritized access.

1244} For example, a sct of allowed DZD subframes (e.g., first set of allowed D2D
subframes) for SA transmissions in fime may be associated with a D2D service access class, for
example, in the form of a database or index table entry. A set of persistence parameters (e.g., first
set of persistence parameters) may be stored in a D2D terminal associated with a D2D service

class {c.g., first D2D service class), such as public safety voice. A set of persistonce parameters
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{e.g., second set of persistence parareters) associated with a D20 service class (e.g., second
D20 service classy, such as file uplead or download, may be stored ina D2D terminal.

[6245] D20 transmission and/or reception may be disclosed.  D2D transmission
and/or reception may include priority handling.

(82446 A WTRU may transmit an indication that access 1o at least one resource is
desived for transmission of certain voice or data traffic. Such indication may be referred to as
desired access indication as deseribed herein.  Such indication may be provided via the use of a
pre-emption indication as described herein . A WTRU receiving such an indication may interrupt
on-going fransmissions and/or refrain from accessing a resource for a period of time. The
received indication may be provided to higher layers (e.g., an application layer). This may
indicate to the end-user that another user desires access to a resource.

18247} Oue or more triggers for transmission of a desired access ndication may be
provided. A WTRU may initiate transnission of the desived access indication based on one or
more of the following.

1248} An spplication may request a triggering transmission of the desived aceess
fdication. Such request may originate from an end-user, e.g., through a user interface. For
example, one or more of the following may apply. An end-user may press a specific key or
button of the equipment osed for voice or data transmission, for instance In an emergency
situation. The transmission of the Desired Access Indication may be triggered by a speech
emotion recognition application detecting an emotion consistent with an emergency sttuation.
Transmission of the desired access indication may be triggered if the WTRU determines that one
or more available resources (c.g., all available resources) are utilized for fransmission from other
WTRUs. The mdication may be triggered if {¢.g., only if) the detected transmissions from other
WTRUs are at a lower prionty level.

(8248} Transmission of the desired access indication may be triggered if {e.g., only
if) the WTRU determines that no other WTRU may have transmitted a desired access indication
that may still be valid. 1fa priority level is indicated as part of the desired access indication,
such condition may apply it (e.g., only if) the indication that may be wansmitted by another
WTRUY indicates priority {¢.g., bigher or equal priority) than the indication to be triggered.
Possible conditions to determine if a received indication is valid may be described herein

LPALH] A desired access indication may include one or more of the following. The
WTRU may inchude one or more (e.g., at least one) of the following as part of the message
containing the Indication.  An identity of the WTRU. A value identifying traffic that may be

concerned by one or more Indications (“Traffic identity™). For the transmitted Indication (e.g.,
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first transmitted Tndication) related to & given wratfic, such value may be selected (c.g., randomly
selected) from the subset of possible values that might not be used by other Indications. For
Indications (e.g., subscquent Indications), the value may be set to the same or similar vahie as in
other Indications {c.g., previcus Indications) related to the same or similar concerned traffic.
Oue or more (c.g., at least one) property of the traffic concerned by the Indication, such as: a
priority level; a duration; an expected duration; an amount of data; a data rate; a transmission
power level; an appleation; a service.  One or more {e.g., at least one) identifier of a vresource
for which the Indication may apply. The WTRU may set the one or more {¢.g., at lcast onc}
identifier to identify vesource(s) concerned by the indication. A period of time (e.g., or delay)
before the concerned traffic may start to be transmitted, and/or before the Indication may be
retransmitted. This value may covrespond to the duration of @ Wait timer. An indication whether,
for example at expiry of the delay, the concerned tratfic may start to be fransmitted or the
Indication may be retransmitted.

(8251} Transmission of desired access indication may be described herein. The
desired access indication may be encoded and/or transmitted over a physical channel used for
control purposes, such as the PR2DSCH. The mdication may be transmitted using the same or
similar type of transport or physical channel as normal traffic, for example, possibly using a
specific resource or one or more of a set of reserved resources for the indication. The indication
may be included as part of a Scheduling Assignment and/or may be transmitted within a set of
resources used for the transmission of Schedaling Assignment. The indication may be
transmitted in multiple instances for added robustness.

#2582} Actions may be taken upon transmission of a desived access indication. Upon
transmission of the indication and/or after completing transuussion(s) of the Indication, the
WTRU may start a timer {¢.g., referred to herein as the “Wait Timer”) whose duration may
correspond to the (e.g., latest) time at which the WTRU may initiate transmission of the
concerned traffic and/or may retransmit the Indication. The WTRU may monttor one or more
{c.2., at least one) valid resource to detect whether it is available and/or if one or more {c.g., at
least one) other WTRUs may be transmitting on the resource. A valid resource may correspond
{0 one or more {¢.g., one) of a set of resources configured to be available for iransmission of
traffic that may be concerned by a desired access indication. The WTRU may (e.g., may only)
consider a resource vahid if it may be associated with a priority level equal to or lower than the
priority level of the concerned traffic.

[8253] The WTRU may stop the Wait timer, for example, upon detecting that one or

more {e.g., at least one) resource may be avatlable for transmission of the concerned traffic. The
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WTRY may initiate fransmission of the concerned traffic on the one or more {¢.g., at least one)
TESQUICE.

[8254] Upon expiry of the Wait timer, the WTRU may perform one or more (¢.g., at
least one} of the following actions. The WTRU may re-initiate transmission of the Indication
and/or restart the Wait Timer. The WTRU may ioitiate transpission of the concerned traffic on a
valid resource, if the WTRLJ detected or did not detect transmissions from other WTRUs on thig
resource. Upon initiation of transmission of the concerned traffic, the WTRU may start a timer
{referred to herein as the “Keep-alive” timer).

16255} Upon selection of a resource for transmitting the concermed traffic, the WTRU
may initiate transmission of a Selected Resource Indication, for example, for the purpose of
indicating to other WTRUs which resource(s) has been selected. This may aliow other WTRUs
to Tesume transuussions on resources not used by the WTRU. The Sclected Resource Tndication
may contain one or more {e.g., at least one) resource identifier (e.g., index} and/or a duration or
minimum duration for the use of the resource(s). The Sclected Resource Indication may be
identical or similar to a Desired Rescurce Indication, for example, with signaled valoe(s) for the
resource identifier that may be different from a transmitted {c.g., previously transmitted) Desired
Resource Indication.

[8256] The WTRU may mitiate transmission of a subsequent Desired Access
Indication and/or of 3 Selected Resource Indication, for example, upon expiry of the Kegp-alive
timer, if 1t deternunes that there may still be traffic concerned by a Desired Access ndication
that may be transmitied. The Keep-alive timer may correspond to the same or similar value as
the Wait timer or be identical or similar to the Wait timer.

18287} The Release Indication may be transmitted. Release indication transmission
may be disclosed herein. The WTRU may trigger transmission of a Release Indication and/or
stop a Keep-alive timer, for example, when there may be no more traffic concerned by a
transmitied {¢.g., previously transmitted) Desired Aceess Indication that may be transmitted.
Such determination may be performed using mechanisms similar to mechanisms described
herein that may be used for triggering the Desired Access Indication based on higher layers. A
maximum duration for transmitting traffic concerned by a Desired Access Indication may be
contigured by higher layers or otherwise. The Release Indication may include a Traffic identity
corresponding to the concerned tratfic. The Release Indication may be encoded and/or
transmitted over the same physical channel as the Desired Aceess Indication.

{6258} Actions may be taken upon reception of Desired Access Indication and/or

Seiected Resource Indication. A WTRU may monitor one or more {.g., at least one) physical
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channel on which other WTRLUs may transmit Desired Access Indications, Selected Resource
Indications and/or Release Indications.

{62591 Upon reception of a Desired Access Indication, a WTRU may perform one or
more {e.g., at lcast one) of the following actions. The WTRU may take the Indication into
account (e.g., only) for tratfic that may have priority lower than or cqual to the priority level
signaled by the received Indication. This may be referred to herein as “de-prioritized traffic”.
The WTRU may stop a running Wait timer and/or Keep-alive timer associated to a received
{c.g., proviously received) Indication, for example, including the same or similar Traffic identity
parameter. The WTRY may start or may restart a Wait timer with a duration whose value may be
included in the received Indication.

[8264] Upon reception of a Sclected Resource Indication, a WTRU may stop a
running Wait timer and/or Keep-alive timer associated to a received indication (¢.g., previously
received indication}, for example, ncluding the same or similar Traffic identity parameter, and
may start or may restart a Keep-alive timer with a duration whose value may be included in the
received Indication. The Indication may be sent to higher layers, such as an application layer or a
user interface, for example, to notify the end user that another user may be atiempting to access
resources. Such notification may be visual {e.g. hight indicator), audible, or tactile {c.g.
vibration).

[8261] The WTRU may determine whether Ut is transmitting (¢.g., currently
transmitting) de-prioritized traffic on one or more {e.g., at least one) resource concerned by the
Indication. The set of resources concerned by the Indication may correspond to the one or more
{c.g., at least ong) value included in the Indication, if present. The set of resources may
correspond to resources associated with priority levels that may be equal to, or lower than, the
priority level included in the Indication. The WTRU may stop (e.g., immediately stop)
transmission of de-prioritized traffic on such resource. The WTRU may stop transmission, for
example, at the beginning of the next scheduling period, and/or at expiry of the Wait timer.
Tnterruption of traffic transmission on 2 resource may take place if {e.g., only 1f) another resource
may be available or if the Indication might not be sent to an application layer or user interface.

1262} While a Wait timer or Keep-alive timer associated to 2 received (e.2.,
previously received) Indication may be ranning or upon reception of 2 Sclected Resource
Indication, 2 WTRU may select one or more (e.g., at least one) resource that might not be part of
the set of resources concerned by the Indication for transmitting de-prioritized traffic and/or for

initiating transmission of de-prioritized traffic.
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19263} Actions uay be taken upon reception of Release Indication and/or upon
expiry of Keep-alive timer, Upon reception of a Release Indication, the WTRU may stop any
timer {¢.g., Wait timer or Keep-alive timer) associated to a received {e.g., previously received)
Indication, for example, including the same or similar Traffic identity parameter. The WTRU
may determine that no traffic may be de-prioritized, for example, with respect to the Traffic
identity that may be included in the Release Indication. Upon expiry of a Keep-alive timer, the
WTRU may determine that no traffic may be de-prioritized, for example, with respect to the
Traffic identity that may be included in the associated Release Indication (e.g., upon reception of
which the timer may have been started).

[8264] Pre-cmption may utilize D2D prioritized channel aceess.

[8265] Pre-cmption Indication may be cxplicit. Explicit pre-cmption indications and
physical processing of a pre-emption indication may be described herein. In a distributed
scheduling D2D system, there may be no controlling entity to cosure that high-priority messages
get access to the resources on time. Pre-emption may be a mechanism that may be used by a
device to interrupt (e.g., temporarily interrapt) an on-going communication from another device,
for exaraple, so that the resource may be freed for #s own use.

18266} Pre-emption may be motivated, for example, where the resource may be
constramed, such as when a WTRU may transmit a high-priority message and/or one or more, or
cach, resource may be utilized (e.g., currenily utilized). Pre-emption may be used when
resources for a group of users {e.g., or other classification) may be occupied and/or a higher
priority signal for that group may be transmitted (e.g., there are other radic resources available
and they may be reserved for other user groups).

19267} A D20 WTRY may be configured to transmit a pre-cniption indication. The
mdication may consist of 4 message and/or may carry an amount of information. The indication
may consist of a signal, for example, from which an amount (e.g., mited amount) of
information may be inferred.

[B268] Message-based indication may be described herein, The D20 WTRU may be
configured to transmit 8 message-based pre-emption indication. The pre-emption message may
carry one or more of the following information, in any order or combination: a resource index, an
identity, a priority level, an amount of time 1o backoff an intorruption cause, and/or T-RPT. The
pre-empting WTRU may indicate a specific resource index, for example that may be chosen
from a list of resources used (¢.g., currently being used). The transmission associated to that
resource may be inderrupted, regardless of the identity of the user transmitiing {e.g., currently

transoitting) over the resource. The identity may be used to indicate a target WTRU dentity



WO 2016/022849 PCT/US2015/044088

and/or group identity to pre-cmpt {e.g., which user/target group may stop transmission). The
priority level may be associated to the pre-emption message and/or of the data transmission. The
WTRU may indicate the priority level associated to its transmission, for example so that WTRUs
with fower priority may stop transmission. The amount of time a pre-crapted WTRU may
mterrupt its transmission. After the backoff time has expired, the pre-empted WTRU may be
allowed to resume transmission. The interruption cause may be the cause of the pre-emption.
For example, the cause may be chosen from a finite hist, including for example, an emergency
call, relaying, etc. The T-RPT may be the paticrn tndex to pre-empt. The WTRU may indicate
{e.g., explicitly) the resources # moay want o inferrupt.

[8269] The WTRU may be configured to transmit the pre-emption message via a
scheduling assignment (SA). The WTRU may be configured to use a special identificr in the SA
to indicate that the SA may be associated fo a pre-emption message. The WTRU may send the
pre-emption message via SA as a control signal, for example,

8276} The pre-emption message may be carried in the SA directly, thereby replacing
the existing fields of the SA. The WTRU may us¢ a reserve SA pool to transmit pre-emption
message using SA format. The D2D WTRUs transnitting data may be configured to monttor the
pre-emption resowree pool to determine whether ov not their transmission may be pre-empted.
The WTRU receiving the pre-emption message may be configured to determine {e.g., blindly
determine) if a received SA may be a conventional SA or a pre-emption message, The WTRU
may make this determination, for example, based {e.g., blindly based) on the CRC appended to
the SA and/or pre-emption message. The pre-cmption message part may be carried in the data
associated {o the SA. For exanple, the pre-empiion message may be carried via a MAC control
clement (CE}.

18271} The WTRU may be configured to transmit the pre-emption message over a
PUCCH resource.

18272} This PUCCH resource may be associated to 2 D2D trensmission. The
association may be done, for exanpie, based on the characteristics of the SA associated 1o the
transmission that the WTRU may want to interrupt. For example, the WTRU may be configured
{0 fransmit the pre-crption indication at a known instant of time, for example, after the SA was
transmitted, and/or at a specific PUCCH location in frequency, for example, based onthe SA
resource that may be used.

16273} The WTRU may use a signal format to transmit the pre-emption message. The
WTRU may be configured to ransmit the pre-emption message in a time/{frequency resource that

may be reserved for pre-eniption.
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16274} The WTRU may be configured to transmit and/or receive a pre-coption
message in {e.g., only in) a set of designated time/frequency resources.

{6275} The set of designated time/frequency resources for transmission and/ or
recepiion of the pre-cmption message may be obtained from one or more of the following:
timing values such as frame or subframe counters; cell-wide or D213 system frame values; timing
offset vahie(s) apphied to a reference subframe or frame; offset applied to occurrence(s) of a
selected cell-wide or D2 signal or chammel; frequency indices, RBs, or group of frequency
regions; cell-wide or D2D system or WTRU identifier; group communication identifier; or
channel or group index valtue(s).

18276} Some or all parameters may be pre-configured in the WTRU, or they may be
obtained through configuration signaling during systom operation, or they may be derived by the
WTRU by means of a lookup table or formula ot equivalent.

{8277} The WTRU may transnit or receive a pre-emption message in a set of
selected and/or reserved subframes that may comprise a subset of possible SA subframes. For
example, when SA is configured for a scheduling period of 80 ms, then every 4th occurrence of
the SA subframes for a particular Scheduling Period may inchude pre-emption messages. In this
case of shared resources where both SA and pre-emption messages may be present, the WTRU
may distinguish through decoding whether a particalar time/frequency resource inchudes an SA
or a pre-cmption message.

[B278] The WTRU may be contigured with a set of D2D subframes not used for SA
or D20 data which #t may use to transmit and/or receive a pre-emption message. For example
when SA is configured for a scheduling period of 40 ms, 8 pre-cmption message may be
transmitted or received in a designated D2D subframe reserved for that purpose every 80 ms and
which, for example, otherwise might not be used for SA or data transmissions. For this case
where dedicated time/frequency resources are ssed for pre-emption messages, the WTRU may
detect a single transmission format {e.g., only need to detect a single transmission format).

[6279] The WTRU roay transnit and/or receive a pre-craption message in a subset of
D2D data subframes. While SA announces D2D data for a scheduling period, a set of D2D data
subframes may include control sigoaling carrying a pre-cmption message. The WTRU may
deternyine presence and/or absence of a pre-emption message oo a set of D2D subframes by
means of decoding the selected signaling format.

16284} The WTRU may transmit or receive a pre-emption message in one of more
limited frequency regions, which may be selected from a set of possible D20 subframes inuse

for control or data. The WTRU may decode for presence of a pre-emption message or transmit a
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pre-empiion message on (e.g., only on) a sclected set of RB’s {e.g., 1-10) in 2 subframe
configured for SA. Allowed sets of RBs may be known to the WTRU and/or derived from RB
indices.

[8281] Signal-based indication may be described herein.

{6282} The WTRU may be contigured 1o send a signal, for example, as a means for
pre-emption indication. This signal may consist of a signal taken from a pre-defined st of
sequences, for example, based on Zadoff-Chu sequences.

18283} While the pre-emption signal itself might not carry any information {c.g,,
explicit information). Indications (e.g., implicit indications) may be inferred by the receiving
WTRU from reception of the signal.

[8284] A roceiving WTRU may determine information from the pre-emption signal,
for example, based on the imdex of the signal, the time/trequency transmission and/or others. The
pre-emption signal may be transmitted on a set of PRBs that may be associated using a known
set of rales to an ongoing transmission to pre-empt. The WTRU may be configored to transmit
the pre-crption signal on a set of PRBs associated to the SA associated to the transmission that
it may want to pre-crapt.

16285} The WTRU may be configured to select the pre-emption signal {e.g., or the
parameters for generation of the sequence) from a pre-defined Hist, for example, based on one or
more of the following: priority lovel of iransmission; WTRU Identifier {e.g., RNTL IMSL, or
other); group commumnication identifier; transmission patiern index, that may be the transmission
pattern associated to the transmission the WTRU desires to pre-cmpt

18286} The WTRU may base the sclection of the pre-emption signal on one or more
of the elements described herein.

18287} When to transmit a pre-emption mdication may be determined. The WTRU
may be configured to determine conditions when to transmit a pre-emption indication. The
WTRU may be configured to determine to transmit a pre-emption indication, for example, based
on one or more of the following friggers (in any order or combination). The WTRU may have
data to transmit. The WTRU may be configured and/or allowed to use pre-emption. The data to
transmit may be asscciated to a logical channel/bearer/QoS/QCH for which pre-emption may be
allowed and/or configured. The WTRU may receive commands to start/stop pre-emption from
the higher layers (for example, RRC). The data packet to be transmitted may be associated with
a request for pre-emption sent by higher layers (for example, MAC). The WTRU may have
determined, for example, based on measuremenis or monitoring of the SAs, that there may be no

radio rescurces available for transmission of is data. The WTRU may have determined that there
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is one or muore {¢.g., at least one) resource that may be (¢.g., currently) used and/or that may be
pre-empted. The WTRU may be configured to determine the priority level of one or more, or
cach, data transmission, for example, based on the SA it may recsive. The WTRU may be
configured to determine for onc or more, or each, received SA and/or for one or more, or cach,
transoussion received whether or not it may be pre-empted. This may be carried out, for
example, based on one or more of the absolute priovities, the identity of the transmission sources,
the target identity for transmission, ete. For example, the priority of the data to transmit may be
higher than one or more (e.g., at least one) on-going transmission. The priority of the WTRU
may be higher than the priority of ove or more {e.g., at least one) other WTRY transmitting data.
The priority of the target group may be higher than the priority of one or more (e.g., at least one)
other target group for which daia may be being transmitted to.

{8288} A WTRY may take actions upon reception of a pre-coption indication. A
D2D WTRLU transmitting data may be configured to monitor for potential pre-emption
mdications. The WTRU may be configured to receive the pre-emption indication in a reserved
known time/frequency location and/or may be configured to receive the pre-cruption in an SA.

18289} The WTRU may determine whether or not to act on the received pre-emption
signal.

18254} When a WTRU may determine that it has received a pre-emption indication,
the WTRU may be configured to determinge if it may act and/or may wish to act on the pre-
emption mdication. The WTRU may be contigured to determine whether or not it may act and/or
may wish to act on the received pre-emption indication, for example, based on one or more of
the following. The priority level that may be associated to the pre-cmption indication {e.g.
explicit pre-cmption priority level, priority level associated to the transmitter of the pre-cmption
mdication, priority level of the target group, ete.}. The target WTRU that may be associated to
the pre-emption indication. For example, the pre-emption indication may carry information to
indicate a target transmitter/transmission to mternupt. The WTRU may be configured to
determine it it is the target of the pre-emption indication, for example, based on the content of
the pre-emption message {¢.g. transmitter identifier, group identifier, specific resource identifier,
priority level, etc.}, or (e.g., implicitly} based on the time/frequency/signal characteristics of the
pre-empiion signal.

16291} Pre-emption application may be described herem.

[6292] The WTRU may act on the pre-emiption indication received by the WTRU and
may be configured to release the resource that may be pre-cmapted. The WTRU may be

configured to perform the following, for example, upon detection of a pre-cmption jndication for
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which i roay determine that it may act upon and/or may wish 1o act upon. The WTRU may stop
data transmission. The WTRU may release the resource.  The WTRU may be configured to
stop transmission of the SA. The WTRU may be configured to transmit an indication of a
resource release. For example, the WTRU may be configured to transmit a special indication in
an SA to indicate termination, indicating {¢.g., optionally indicating) the causc of the
transmission termination {e.g., pre-emption). The WTRU may be configured to start a backoft
timer {e.g., of a pre-defined value). The WTRU might not be allowed to resume data
transmission and/or attempt transmission of data, for example, undil the timer cxpires. Once the
pre-empiion may be completed and/or a pre-coption timer has expived, the WTRU may be
configured to re-initialize transmission as if it was a new {c.g. fresh or updated) transmission
{c.g., re-cvaluating the transmission parameters).

[8283] The WTRU may be configured to “keep” the resource for the duration of the
pre-eniption interruption. The WTRU may be configured to transmit an indication to keep the
resource. For example, the WTRU may be configured to transmit ap indication in an SA to
indicate resource rescrvation {(e.g. “channel hold™), indicating {e.g., optionally indicating) the
cause of the resource reservation {¢.g., pre-emption). The WTRU may be configured to start a
backoff timer {e.g., of a pre-defined value). The WTRU might not be allowed to resume data
transmission and/or attorpt transmission of data until the timer expires. Once the pre-cmption
proceduse is completed and/or a pre-emption timer has expired, the WTRU may be contfigured to
resume transmission using the same resource that was pre-empted. The WTRU may be
configured (e.g., optionally be configured) to resume (e.g., only resume) transmission using the
same of simifar resource, for cxample, if it resumes transmission within the same or similar
scheduling period. The WTRU may be configured to indicate to the higher layers recoption of a
pre-emption indication that 1t may act upon and/or may wish to act upon. For example, the
WTRU may be configured to indicate to the higher layers when the channel may be busy and/or
the WTRU may be holding transmission.  The WTRU may be configured to indicate to the
higher layers when 1t may fail to transmit data duc to pre-emption. This may be relevant for
delay-sensitive applications for which the data may be discarded after some time has elapsed.
The WTRU may indicate to higher layers when the duration of the interruption duc o pre-
emption may be longer than a specific pre-defined duration.

16254} D320 terminals may be utilized to implement prioritized channel access.

{6295} Transmit and/or receive half-doplex may be utilized priority based access.
D2D terminals may process multiple D20 channels/signals to be transmitted and/or to be

received based on priority of the D2D channel and/or sigoals.
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[LRALLY A receiving D2D terminal may have nwultiple concurrent D20 chaunpels and/or
signals to recetve and/or to transmit. Based on the priority for these D2D chanmels or signals, it
may adjust it reception and/or transmission schedule to allow for priovitized reception {e.g., or
transmission) of a high priority P2D channel/signal.

18297} FIG. 9 is an cxample diagrars of prioritized reception of a high-priority
channel by D2 terminal with FDD half-duplex operation. In FIG. 9, 2 D2D terminal (e.g.,
concarrently) may have a high priority D2D voice channel (e.g., first high priority D2D voice
channel) to receive, such as for a voice group call, while i may have a lower priority D2D data
channel (¢.g., second lower priority D2D data channel), such as for file upload to transmit.

[6298] In FIG. 9, atalk spurt corresponding to the incoming high priority D2D voice
channel may be received over multiple scheduling periods, for example, until time instant T2, A
device mtermnal request to transmit a low priovity D2D data channel (e.g., second low priority
D2D data chanmel) may be reccived, for example, beginning from time instant T1. The request
may be issued by the user or by an application that may process data packets for D2D and may
cmit such a request. The D20 terminal may have a Tx/Rx front-end operating vnder half-duplex
constrauds for D2D chanuels and/or signals on the cellular UL frequency, for example tnany
subframe 1t may transmit a D2D channel and/or signal, or it may receive a D2D channel and/or
signal. The D2D terminal may be able to receive multiple D2D chamnels and/or signals {(e.g.,
simultancously) in the same or similar sebframes.

[8299] Upon arrival of the transmission request for the low priority D2D data channel
{e.g., second low priority D2D data channel) at time instant T1, the D2D terminal may adjust its
transmission schedule to allow for full reception of one or more or all sebframes corresponding
10 the high priority D2D chamnel The DZ2D terminal may choose to not use certain subframes
originally scheduled for transmission of the low priority D2D channel and usc the indicated
subframes for reception of the high priority DZD data chanmel, for example, if a collision ccours.
At time instant T2, when the talk spurt of the incoming high priority D2ZD voice channel ends,
and the D20 data charmel (e.g., only the low priovity D20 data channel) may be transmitted, the
D2D terminal may adjust its transmission pattern to allow for full transmoission of the low
priority D2D data channcl (¢.g., second low priority D20 data channely. While prioritizing
reception of the high priority D20 channel during time peviod T1-T2, the D20 terminal may
choose to indicate a radio resource transmission pattern (RRPT) that may be chosen as a function
of the D20 subframes that may be determined available for transmission, for example, after

taking thosc for reception into account. The D20 terminal may choose to indicate an RRPT that
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may inclade D20 subframes for its own transmission and/or where it may roceive high-prierity
D20 data. The D2D terminal might not transmit in these.

18364} A D2D terminal may process {e.g., automatically process) one or more, or
muitiple, D20 channpels and/or signals (o be transmitied and/or to be received based on priority
handling associated with such multiple D2D channel and/or signals. No user intervention, such
as manual chammel switching or deterral of transmission, may be utilized. Signal reception for
high-priority B2D channels may be received by dedicating reception capabilities {e.g., full
reception capabilitics) to D2D subframes carrying that high priority P20 channel and/or signal.

16301} In some techniques described herein, the SA resources for high priority
transmissions by one or more, or a given, WTRU may be configured to occur earlier in time
than, the SA resources for low priority transmissions, perhaps for the same SA period, for
example. This can be configured by the ¢NB, for example, by assigning them to different SA
resource pools. The WTRU with low priority transmissions may decode the high priority SA
resources to determine whether higher priority data may be received (e.g., first). Perhaps for
cxample, based on this determination, among other scenarios, the WTRU may decide o not
fransoit on the configured low-priotity SA resources, or the WTRU may transmit on the
configured low-priority SA resources. The WTRU may mdicate an RRPT which may allow it to
receive the high priority transmission while transmitting (e.g., perhaps for example despite the
half-duplex arrangement in some cmbodiments).

8302} The examples described herein may be extended 0 more than two priority
classes. Different lengths of scheduling pericds may be used.  S5A transmissions may correspond
to D2D data transmitted in a later and/or o multiple scheduling periods. Independenily or in
conjunction with scheduling periods, principles of semi-persistent, time-limited or dynamically
granted D2D data transmissions may be used. Time and/or frequency resources might notbe
contigaous. While the examples used scheduling assignments and/or high and low priority
received D20 voice and data channels for illustration purposcs, the principle of allocating
transoussion and reception subframes corresponding 1o a low or to high priority D20 chanoels or
signals may equally be applied to differcnt D2D chamnel and/or signal messages types. For
cxampic, D25 discovery messages may be skipped for transmission snd/or deferred o later for
processing, while a high priority D2D control or data signaling may be received. The principle of
Rx prioritization may be applied to the opposite case where D2D subframes may be prioritized
for trapsmission, such as a high priovity D2D channel signal may be transmitted by the D2D

terminal, while a low priority D25 chaunel and/or signal may be received.
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16303} Received (e.g., concurrently receivedy D20 data may be voice, control,
service and/or data packets, such as for 1P packets corresponding to a file download. Tx/Rx
processing and/or prioritization of muiltiple channels and/or signals to be received or to be
transmitted may equally be applied to channels and/or signals received or transmitied on the
cellular commumnications and the D21 radio links.

[8384] A D20 terminal while receiving or transmitting a D20 channel and/or signal
{e.g., first D2D channel and/or signal) may determine whether a D2D channel and/or signal (e.g.,
second D20 chanoel and/or signaly may be transmitted or received. Upon determination that a
3213 chaonel and/or sigoal {c.g., second D20 chaunel and/or signal) may be present, the D20
terminals may determine which of the D2D channels or sigpals that wmay be transmitted or
received has higher priority. The determination may be based on prioritics associated with B2ZD
channels or signals or communication types. The WTRU may determine the priority of the
received channel and/or signal based on a priority of the pool or chanmel, time/frequency, ete., in
which the data and/or SA was received; this may be based on an explicit indication in the SA,
based on a MAC header indication, or based on any of the featurcs described hercin,

1#305) A D20 terroinal may determine a transmission and/or reception schedule to
allow for a suitable number of D2D subframes to be used for transmission or reception of the
high priority D2D channel and/or signal. A D2ZD terminal may determine saitable D2D
subframes based on a variety of criteria, such as one or more ofr a minirmm and/or identified set
of SA resources in order to be able to receive or transmit SAs, a requived number and/or set of
D2D subframes correspending to possible D2D Data reception or transmission, a number of set
of subframes not available for the purpose of D20 transmission and/or reception due to ongoing
cellular communication, and/or a number and/or set of 2D subframes corresponding to
fransmission and/or reception from/to one or more WTRUs and/or D2D commmumication
Zroun(s).

{8386} The D2D terminal may determine to skip transmission or recepiion
opportunitics originally plaoned for the low priority D20 chanoel and/or signal. The D2D
terminal may select avatlable transmission/reception opportumities for transmission and/or
reception of the lower priority D2D chanoel and/or signal by determining which
fransmission/reception opportunitics may be used for the high priority D2D channel and/or
signal. The WTRU may continue with the transmission or reception of the lower priority D2D
chanmel or D2D signal, but may skip the transmission or reception in the subframes overlapping
with the subframes in which reception or transmission of the higher priority D20 channel or

D20) signal is taking place.
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16367} The D20 terminal may, o conjunction with examples described herein, issue
notifications and/or signaling messages exchanged from ov to or in-between a device component
and another to annoonce or inform about actions that may be undertaken as part of its receiver
processing. It may issue such notifications or signaling messages to other devices. The D2D
terminal reay be contigured to perform the examples described herein, for example, as a function
of selected reception conditions, receiver configurations, timers or counters or index values.

8388} A D20 terminal may process multiple D2D channels and/or signals to be
transmitted or received, for example, based on priority associated with these D2D channels or
signals. Processing may involve the selection of transmission and/or reception opportunitics of a
D20 chamnel and/or signal (e.g., first D2D channel and/or signal) as a function of those useful
for a D2D channel and/or signal (¢.g., second D2D channel and/or signal}.

[B309] Reception to process multiple D2D data channels by a device may be
described herein.

8316} D2D terminals may process multiple received (2.g., concurrently received)
D2ZD channels or signals based on priority of the received D2D channel and/or signals.

19311} A receiving D2D terminal may receive multipie incoming {¢.g., concurrent
meoming) D20 channels or signals. Based on the priority for the received D2D channels or
signals, it may store {¢.g., temporarily store) received channel samples, demodulated or
decodable bit sircams or decoded formation conients that may correspond o a received lower
priority D203 channel and/or signal in memory, while processing and/or forwarding another
higher priority D20 channel and/or signal and/or presenting it to user or device output.

#3132} FIG. 10 is an example diagram of multiple concurrently received D2D
channels (e.g., veice). In FIG. 10, a D2ZD terminal may concurrently receive a D20 voice
chammel (e.g., fivst high priority D2D veice channel}, such as for an emergency first responder
direct voice kine and/or a D2D veice channel (e.g., second lower priovity D2D voice channel),
such as for a push-to-talk group call.

[8313] In FI(3. 10, a talk spurt corresponding to the high priority D2D voice channel
{e.g., first high priority D2D voice chamnel) may be received over multiple scheduling peviods
until time instant T2. A talk spurt of a low priority D2D voice channel (c.g., second low priority
3213 voice channel) may be received beginning from time instant T, The D2D terminal roay
have one audio processing front-end chain, for example at any given point in time decoded {e.g.,
only decoded) voice samples of gne channel may be presented to audio output, such as speakers
or otherwise, the D20 terminal may process (e.g., only process) one received voice channel at

time. The D20 teroviral may be able 1o receive both the low-priority and/or the high-priority
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3213 channels and/or control signaling simultancously in different subframes or in the same or
similar subframes that may be used 1o carry D2D channvels and/or signals.

[8314] Perhaps upon the start of reception of the low priority D2D voice call {e.g.,
second low priority D2D veoice call in FIG. 10) at time instant T 1, among other scenarios, the
D20 terminal may continue to demoduiate, to decode and/or to forward to the audio output path
ot the device any D2D data obtained from the high priority voice channel {e.g., first high priority
veice channel in FIG, 10) while it may store (¢.g., temporarily store) any decoded samples or
signal representations of the {¢.g., concurrently) received lower priority D2D voice call {c.g,,
second lower priority D2D voice call in FIG. 10) indo memory. At time instant T2, when the talk
spurt of the high priority D2D voice chanmel {(e.g., first high priority D2D veice channel in FIG.
10} ends and the low priority D2D voice channel (e.g., only the low priority D2ZD voice channel
w FIG. 10} may be received, the D2D terminal may switch its audio path from the high priority
D2D voice chammel to the low priovity D2D voice channel. Forwarding such stored channel
samples and/or decoded information contents corresponding to the low priority D20 voice
channel from the memory {(e.g., temporary memory) to the audio path may involve a time delay
or time lag. For the example, in FIG, 10, three scheduling periods or around 480 ms or 24 voice
frames at 20 ms codec intervals each are processed and replayed from temporary memory. One
or more {¢.g., many} D2D applications may correspond to push-to-talk type of voice rather than
bi-directional conversational voice. Such a time-delay or time-lag introduced through storing
{e.g., temporarily storing) the low priovity D20 voice channel may be aceeptable.

[#315] The D2D receiver processing may be improved, for example, in that a D2D
terminal may (e.g., automatically) receive and/or process muhtiple D20 channels or signals {c.g,,
concurrent D20 channels or signals) based on priority handling associated with such received
multiple D2D chamnel and/or signals. No user intervention, similar 1o mamial channel switching,
may be useful. Higher priority D20 channels and/or signals may be prioritized through D2D
terminal processing upon reception, for example, in the presence of other channels and/or
signals.

8316} The WTRU may be configured or pre-configured with rules to determyine
whether data of different priority can be mudtiplexed together in one PDU or whether they may
be required to be transmitted in different transmission opportunitics. For exaniple, the network
may allow a WTRU to nmitiplex data belonging 10 a second and third priority level but not data
corresponding to a first priority level. This restriction may be beneficial, e.g., if the WTRU
wanis to optimize the transmission of emergency services without multiplexing data of lower

priority in the same TB.
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317} Examples described hercin and FIG. 10 may be extended to more than two
priority classes. Different lengths of schedubing periods may be used. SA transmissions may
correspond to D25 data transmitted in a later or in muoltiple scheduling periods. Independently or
in conjunction with scheduling periods, principles of semi-persistent, time-timited or
dynamically granted D2D data transmissions may be used. Time and/or frequency resources
might not be contiguous. While the examples used scheduling assignments and high and low
priority recetved D20 voice channels for iflustration purposes, the principle of temporarily
buffering and storing of a samples corresponding to a low priority D20 channel and/or signal
may equally be applicd to different D2D channel and/or signal messages types. For example,
D20 Discovery messages may be {(e.g., temporarily) stored for processing at a later Hime instant,
while bigh priority D2D control or data signaling may be processed upon reception.

[B318] Received D20 data (e.g., concurrently received D20 data) may be voice,
control, service and/or data packets, such as for example IP packets corresponding to 4 file
download. The ase of buffering and/or storing {e.g., temporary buffering and/or storing) in
memory of samples corresponding to a veceived D2ZD channel {e.g., second received D2E
channel) may be applied, for example, to avoid receiver limitations in a D21 termyinal for device
architecture, component availability for real-time processing, device output representation of
received D21 data, and/or required aser interaction, ete. Receiver processing and/or
prioritization of multiple received (2.g., concurrenily received) channels and signals may equally
be applied to channels or signals received from the cellular commumications and the D2D radio
tinks.

18319} A D2D terminal, while receiving a D2D channel and/or signal {e.g., first D20
channel and/or signal), may determine whether a D20 channel and/or signal (¢c.g., second D2D
chanmel and/or signal) may be received. Upon determination that a D20 channel and/or signal
{(e.g., second D2D channel and/or signal) may be received, the D2D) terminals may determine
which onc of the received {c.g., concurrently received) DZD channels or signals may be directly
processed and/or which one may be stored {e.g., temporarily stored) in memory. The
determination may be based on priorities associated with received D2D channels or signals or
communication types. Directly processing any decoded samples of a D2D channel and/or signal
may imply presenting these samples to user output, such as the torminal’s audio path, or it may
mply forwarding such samples to other processing components implemented on the D2D
terminal, such as an application processing data packets. Storing (e.g., temporarily storing) in
memory may be combined with partial recciver processing, such as for a channcel demodulation

of received a D20 channel and/or signal, or a channel decoding technique of demodulated
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samples, or protocol processing of such samples. A D21 terminal may determine when to
process any D2D data stored {¢.g., temporarily stored) in memory. The D2D terminal may
determine to apply divect processing, for example, as described herein to the stored (e.g.,
temporarily stored) samples or information contents of the D2D channel and/or signal. The D2ZD
terminal roay forward the stored samples to output components of the device, such as audio or
video or to other processing logie or applications processing received data on the device. 1t may
determine that stored samples may be discarded, for example, if a ime delay or a selocted set of
conditions may be met. Samples may be stored in permanent storage, for exampie, to aliow the
end-user 1o listen at a later time.

18324} The D2D terminal, in conjunction with examples described herein, may issue
notifications and/or signaling messages exchanged from or to or in-between a device component
and another to announce and/or inform about actions that may be undertaken as part of is
receiver processing. It may issue such notifications or signaling messages to other devices, The
D2ZD terminal may be configured to perform examples described herein as a function of selected
reception conditions, receiver configurations, timers or countors or mdex values.

#3213 A D20 terroinal may process multiple received D20 channels or signals, for
example, based on priority of received (e.g., concurrently received) D2D channels or signals.
Processing may invelve receiving and/or discarding and/or prioritizing for reception a D2D
channel and/or signal, for example, in the presence of other D2D channels or signals.

8322} A D2 terminal may selects a received (e.g., first received) D20 channel
and/or signal for direct processing, for example, while selecting a received {e.g., second
received) D2D channel and/or signal for storage {(c.g., temporary storage). Direct processing
and/or tomporary storage raay correspond to the example reahzations described herein, for
example with respect to the example receiver.

18323} One or more techniques are contemplated for reception by a D2D WTRU
serving as a Relay Node. A relay WTRU may operate as an L3 relay. In such scenarios, among
others, data received over the D21 link may be forwarded to one or more upper layers {e.g. 1P,
among others), perhaps for example before it may be sent over the U interface to an eNB. A
relay WTRU may tmplement (2.g. particular) handiing for priority, perhaps for example when it
may receive data {¢.g., over the D2D link) and/or may relay this traffic over the cellular link 1o
the network., The prioritization of data transmitted by a WTRU to the network {e.g., via a relay)
may be the same or substantially stmilar prioritization on the D2D link as the prioritization

expericnced over the celiular fink from the relay WTRU to the eNB.
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18324} In one or more technigues, the relay node may request and/or create one or
more separate radio bearers for one or more, or each, level of priority of data that it may receive,
of example from any of the remote WTRUs it may be cuarently serving. The relay WTRU may
utilize one or more existing radio bearers that may be associated with {e.g., varying) degrees of
Quality of Service (Qo8), perhaps for example to serve the one or more different priority
transmissions made by the remote WTRU towards the relay (e.g., with higher priority
transmmissions being mapped to one or more bearers with better QoS, or the like}, among other
SCCTarios.

18325} A relay WTRU may sotup one or more, or a set, of radio bearers for one or
more, or each, of the N priority levels it may be serving, and/or the WTRU may select one or
more cxisting radio bearers that may be used for data associated with one or more, or each
priotity level. Perhaps wheo the relay WTRU receives data from the D2D fink, for example,
among other scenarios, it may determine the priority of the packet(s) received from a remote
WTRU. This determination may be done, for example, at the MAC layer, the IP layer, and/or
the application layer, among other layers. For example, if the determination is done at the MAC
layer, the priority level of the received MAC PDU can be determined by one or more of:

- Having the wansmitter of the MAC PDU include a prionity level in the
MAC header. In such scenarios, among others, the receiving MAC entity may
determine the priority based on the associated priority level found in the MAC hearer
for that PDU, for example; and/or

- Assuming a static and/or determined mapping between logical channel
1Ds and priority. The value of the logical channel ID may be associated with 3 specific
priotity. For instance, LCHDs 1-8 could be utilized for D20 communication, and the
priovity level may be associated with the chosen 1D {e.g., in increasing/decreasing order
of priority).

(83261 The WTRU may send the received data, perhaps along with the associated
priority lfevel, to one or more higher layers {c.g., an IP layer) for forwarding over the celiular
Huk.

#3271} For example, if the priority determination is done at the IP layer, and/or the
application layer, the associated priority may be sent with the 1P packet and/or with the
associated application layer data, perhaps for example so that the relay WTRU may be aware of
the priority of the received data. The data may be (e.g., first} forwarded to the one or more

hicher layers where the priority deternmination may be performed.
= o
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19328} Perhaps based on the priority of the received data, for example, the relay
WTRU may determine which radio bearer (e.g., with associated Qo3 level) to use for
transmission of the received data. The relay WTRU may maimtain a mapping of radio bearer to
priority fevel, and/or may use this mapping to decide which radio bearer one or more 1P
packet(s) may be sent over. The WTRU may be configured {(c.g., dynamicallyy with & mapping
of priority level fo radio bearer by the eNB, and/or may use this mapping for transmitting one or
more IP packets over the one or more existing radio bearers.

183297 In some techniques, one or more, or muldtiple, radic bearers with the same or
stmilar QoS characteristics may be used by the relay WTRU to transmit data received from the
remote WITRU to the eNB/metwork., The relay WTRU may {e.g., selectively) forward the higher
priority data to the one or more upper layers, perhaps for example while buftering the lower
priority data for a certain period of time. The relay WTRU, perhaps when processing one or
more, or each, of the logical channels that may be used to transmit data that was received from
the remote WTRU, among other scenarios, may process the higher priority {¢.g., forwarded to
the higher layers), and/or may process the fower priority data perhaps when {¢.g., only when) the
lower priority data is forwarded 1o the higher layers.

16334 For example, the relay WTRU may be configured with a timer over which
lower priority data may be buffered, perhaps for example while forwarding higher priority data.
The timer may be reset one or more, or each time, 3 higher priority packet is received by the
relay WTRU and/or forwarded to the one or more upper layers. Perhaps after {¢.g., only after)
the timer expires {¢.g., which may indicate that no higher priority data is received for a period of
time), among other scenarios, the WTRYU may forward any buffered lower priority data to the
one ot more upper layers.

183313 For example, the relay WTRU may forward lower priority data for a
scheduling period, perhaps for example when {e.g. only when} no higher priority data has been
received for that scheduling period. Perhaps for example if a given scheduling period in the
WTRU experiences the reception of high priority data, one or more, or all, lower priority data
may be buffered in the one or more lower lavers of the relay WTRLU, perhaps while the higher
priority data {(c.g., only the higher priority data) may forwarded to the one or more upper layers.

16332} In some techniques, the WTRU may (e.g., selectively) forward data to the
upper layers with a particular probability. A higher probability of forwarding may be associated
with the higher priority data/channel, and/or a lower probability of forwarding may be associated
with the lower priority data/channel. The higher laver may process the data, perhaps for example

in the order received,
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19333} For example, the relay WTRU receiving data with for example two different
prioritics {e.g., high and low) may be configured with a fivet probability (P1) = 0.8 for higher
priority data and/or a second probability (P2) = 0.2 for lower priority data. Perhaps for example
if the relay WTRU, at any time, contains high priority and/or low priority data to be forwarded to
the one or more upper layers, the relay WTRU may sclect 2 random number between 0 and 1.
For example, the relay WTRU may forward the high priority data perhaps if the number is larger
than 0.2. Perhaps for example if the mumber 1s otherwise, the relay WTRU may forward the
lower priority data.

16334} Although some technigues may bave been deseribed herein using two priority
levels, any of the contemplated techniques can be extended to moltiple (N) priority levels by a
person skitled in the art,

[8335] Transmission to process moultiple D20 data chanmels in a device may be
described herein. D2D termyinals may process multiple D2D chanmels or signals {e.g,,
concarrent D2D chanmels or signals) to be transmitted based on priority of the D2D channels or
signals.

19336} A D20 terroinal may transmit and/or wish 1o transmoit oultiple D2D channels
or signals (e.g., concurrently). Based on the priority for the D2D channels or signals to be
transmitted, it may store (e.g., temporarily store} information contents or encoded bit streams or
samples corresponding to a lower priority D2D chanoel and/or signal to be iransmitted in
memoty, tor example, while processing and/or forwarding another higher priority D2D channel
and/or signal and presenting it to the transmit path.

18337} A D2D terminal may trapsmit and/or wish to transmit a D2 signal when no
resource may be available for transmission. It may store (e.g., temporarily store) information
contents or encoded bit streams or samples of this signal, for example, until a resource may
become available and/or until a timer expires. Upon expiration of the timer, the samples may be
discarded or stored in storage (e.g., permanent storage; to allow the end-user to access the non-
transmitied signal later.

[8338] FIG. 11 is an example diagram of multiple concurrent D2D channels to be
transmitted (e.g.., voice and data). In FIG. 11, 8 DZD terminal may transmit {e.g., concuwrrently
transmoit) a high priovity D2 voice channel {¢.g., first high priority D2D voice chamnel}, such as
avotce call group channel and/or a lower priority D2D channel {e.g., second lower priority D2D
chanmel), such as a file upload.

[8339] In FIG. 11, a taik spurt corresponding to the high priority B2D voice channel

{e.g., first high priority D2D voice channel) may be processed by the D2D terrainal over roultiple
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scheduling periods, for example, wdil time instant T2, A device internal request to transmit a low
priority D2D data channel {e.g., second low priority D2D data channel) may be received, for
example, beginning from time tnstant T1. The request may be issued by the user or by an
application that may process data packets for DZD and/or may omit such a request. The D2ZD
terminal roay have a transmit (e.g., single transmit) front-cnd chain. To any given subframe, one
or more (e.g., only one) Transport Block (TB) of a D2D chanmel may be presented to the Tx
path, for example, in order to use #s {e.g., full) available cutput power on that subframe for the
D2D channel under consideration. This may maximize the achievable link budget for the D2D
channel. The DZD teroival may be able to transroit the high priority and/or the low priority D2D
chanmels and/or its control signaling {e.g., simultancously control signaling) in different
subframes.

[8348] Upon arrival of a fransmission request for the low priority D2D data chanoel
{e.g., second fow priority D2D data chanuel) at time instant T1, the D2D terminal may continue
to forward to the transmission path any D2ZD data that may be available for the high priority
voice channel (e.g., first high priority voice channel) while it stores (e.g., tomporarily stores)
and/or buffers in memory any sanples or signal representations of the to be transmitted (¢.g.,
concurrently to be transmitted) lower priovity D2D data channel (e.g., sccond lower priority D2D
data channel). At time instant T2, when the talk spurt of the high priority D2D voice chanuel
{c.g., first high priority D2D voice channel) may end and the low priority D2D data channpel
{e.g., only the low priority D2D data channel) may be transmitted, the D2D terminal may switch
its transmission path from the high priority D2D voice channel to the low priority D2D data
channel. Forwarding such stored samples and/or information contents corresponding to the low
priority D20 data channel from the memory {(e.g., termporary memory) 1o the transmission path
may involve a time delay or time lag. For example, in FIG. 11, around three scheduling periods
or around 480 ms may be processed from temporary memory. Given that D2D applications may
correspond to non-time critical data type, for example rather than bi-directional conversational
veice, such a time-delay or time-lag introduced through storing {e.g., temporarily storing)
portions or the entirety of the low priority D2D data transmission may be aceeptable.

18341} In FIG. 11, the DZD terminal may multipiex lower priority D2D data
fransmissions indfermittently, for example, during 2 ongoing higher priority D2D voice channel
transmission. It may do so in the D2D subframes {e.g., only in the D2D subframes in FIG. 11)
that might not be used for transmission of transport blocks for the higher priority D2D voice

channel. By the time nstant T2, lower priority D2D data that may be ready for transmission and
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received by the transmit path between time instants T1 and T2 for the low priority charmel may
have been sent between T1 and T2,

18342} The D2D transmitier processing may be improved in that 2 D2D terminal may
process (e.g., automatically process) multiple D2D channels or signals {e.g., concurrent D2D
channels or signals) to be fransmitted based on priority handling associated with such multiple
D2D channel and/or signals to be transmitted. No user intervention, similar to manual chaonel
switching or deferral of transmission, may be useful. Higher priority D20 channels and/or
signals may be prioritized through D2D terminal processing upon reguest to send, for example,
1o the presence of other channels or signals,

16343} The examples described herein and as shown in FIG. 11 may be extended to
the cases of more than two priority classes. Different lengths of scheduling periods may be used
SA transnissions may correspond to D2D data transmitted in a fater or in multiple scheduling
periods. Independently and/or in conjunction with scheduling periods, principles of semi-
persistent, time-limited or dynamically granted D2D data transmissions may be used. Time
and/or frequency resources might not be contiguous. The examples may have used scheduling
assignments and high and low priovity D2D voice and data channels to be transmitted for
ithustration purposes. The principle of temporarily buffering and storing of 4 samples
corresponding to a low priority D2D channel and/or signal to be transmitted may equally be
applied to different D2D channel and/or signal messages types. For exanmple, D2D Discovery
messages to be transmitted may be stored (e.g., temporarily stored) and/or queued for processing
at a later time mstant, while high priority D2D control or data signaling may be processed upon
reception of a request to send in the DZD terminal,

16344} 13203 data channels or signals (e.g., concurrent D2D data chanuels or signals)
1o be transmitted may be voice, control, service and/ov data packets, such as for example IP
packets corresponding to a file upload. The use of buffering and/or storing (e.g., temporary
buffering and/or storing) in moemory of samples corresponding (o a D2D channel (c.g., second
D20 channel} to be transmitted may be applied to avoid transmitter Bmitations ina D2D
terminal with respeet to device architecture, component availability for real-time processing,
device cutput representation of D2D data, usage of radio resources, and/or required user
foteraction, cfe. Transmiticr processing and/or prioritization of multiple channels and/or signals
{e.g., concurrent chanmels and/or signals) to be transmitted may equally be applied to chamnels or
signals o be transmitted on the cellular communications and the D2D radio Hnks.

[8345] A D2D terminal, while transmitting a B2D channel and/or signal (c.g., fust

D20 chamael and/or signal) may determaine whether a request to send a D20 chanoel and/or
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signal {c.g., second) may be received. Upon determination that a D20 channel and/or signal
{e.g., second D2D channel and/or signal) is to be transmitted, the D2D terminals may determine
which of the D2D channels or signals {e.g., concurrent D2D channels or signals) to be
transmitied may be directly processed and which may be stored {¢.g., tcmporarily stored) in
memory. The deternination may be based on prioritics associated with D2D channels or siguals
or comnumication to be transmitted. Directly processing any samples or information
representative of a D2D channel and/or signal to be transmitted may fmply presenting the
information to the terminal’s transmit path, or ¢ may imply forwarding such samples to other
processing components implemented on the D2D termidnal. Storing (e.g., temporarily storing) in
memory may be combined with partial transmitter processing, such as a channel modulation of 2
D2D channel and/or signal to be transmitied, a channel encoding of information, and/or protocol
processing of such D20 channels or signals,

8346} A 13203 terminal may determine when to process any D2D data stored (e.g.,
temporarily stored) in memory. The D2D terminal may determine to apply direct processing, for
cxample as described herein, to such stored (c.g., temporarily stored) samples or information
contents of a D2D channel and/or signal to be transnitted. The D2D terminal may forward the
stored samples to outpat components of the device, such as the transmitter path. It may
determine that stored samples may be discarded if, for example, a time delay and/or a selected
set of conditions may be met. The device may as part of transmitted (e.g., concurrently
transmitted} portions of the low priovity B2 channel and/or signal (e.g., sccond low priority
D2D chamel and/or signal}, for example, during a time period when it may transmit a higher
priority D2D channel, such as in subframes that might not be in vse by the higher priority D2D
channel and/or signal

183473 The D2D terminal may, in conjunction with examples described herein, issue
notifications and signaling messages exchanged from or to or in-between one or more {e.g., one)
device component and another to announce and/or inform about actions that may be undertaken
as part of its fransmoitter processing. [t may issue such notifications or signaling messages to
other devices. The D2D terminal may be contigured to perform examples deseribed hereinas a
function of selected conditions, transmitier configurations, timers or counters, and/or index
valugs, efc.

18348} A D2D terminal may process nuihtiple D2D channels or signals to be
transmitted based on priority of the concurrent D20 channels or signals to be transmitted.

Processing may involve transmitting and/or discarding and/or prioritizing portions or the entirety
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of a D20 chavoel and/or sigoal 1o be transmitted, for example in the presence of other D2D
chanmels or signals to be transmitted by the device.

16349} A D2D terminal may select a D2D channel and/or signal (e.g., first D2D
channel and/or signal) to be transmitted for direct processing, while sciccting a D2D channel
and/or signal {c.g., sccond D20 channel and/or signal) to be transnutted for storage {(e.g.,
temporary storage). Direct processing and/or storage (e.g., temporary storage) may correspond o
the example realizations described herein with respect to the transmitter.

1356} The D20 terminal may transmit D2D data by determining priority access
groups and/or mapping from available D20 data channels or signals to available priorities or
priority access groups.

{8351} Priority access groups to transmit data may be selected.

[B352] The WTRU may be contigured with number of discrete priority access groups
and may have multiple services or application nimming. The WTRU may determine how to map
D2D data to transmit into the available priority access groups.

1353} Priority access group may refer hercin to any of the schemes or resource pool
contigurations described herein to support data prioritization and/or tratfic differentiation {e.g.
different resource pools with different priorities, prioritization access within the same resource
poul, etc.).

{8354} The WTRU may determine the priority access group(s) to use based on one or
more or a combination of the following parameters described herein. The WTRU may use a
configured mapping between logical channel priorities or LG priorities of ProSe bearers and/or
ProSe/application layer packet and/or a priority access group. For example, ProSe bearers
contigured with logical chanuel prierity 1-4 may be mapped to priority access group | or highest
priority group. One or more, or each, service associated with a particular group, traffic type,
and/or user type may have an assigned priority by higher layers. When the packet arvives to the
access stratim it may be mapped to a logical channel or PDCP entity based on the group
destination, source destination, and/or associated priority. For the given logical channel the
WTRU may be aware of the priority of the packets and based on a mapping the WTRU may
determine to which priority access group the packet or logical channel belongs to. The WTRU
may determine the priority access group(s) based on a mapping of a TFT 1o a priority access
group ot 1o a logical chanmel {or packet) priority. The WTRU may be configured with a set of
TFT filters for one or more, or each, traffic type, and the priority of the logical channel or access
group to be associated with one or more, or gach, traffic type. For example, the WTRU may be

configured with (e.g., three) TFT filters and mapping mles for one or more, or cach, of them {¢.g.
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voice traffic gets mapped to priovity access group 1, video traffic o priority access group 2 and
data traffic to priority access group 3).  The WTRU may perform traffic imspection to determine
the traffic class of one or more, or each packet, and/or it may look up the configured mapping
rules to determine which priority access group may be used, for exanple.

[B355] The WTRU may determine the priority access group(s) to use based on a
mapping of EP3 bearer and/or radio bearer from which a WTRU, perhaps acting as a relay
and/or {e.g., first} recciving the data over a cellular/Uun Huk, may receive the data, to the priority
access group over the D2D link. For example, a WTRU acting as a relay may be configured
with scparate EPS/radio bearers to transmit data for different priovity fevels, The WTRU may
map data received over a specific EPS bearer to a specific priority access group, perhaps for
example based on pre-contigured and/or signaled {¢.g. by the eNB or ProSe function) mapping.

[8356] The WTRU may determine the priority access group(s) based on a device
configuration, on a per device basis {e.g. one or more or all services from that devices may ase or
abways use the same or similar priority access). The WTRU may be configured with a
device/WTRU priority, for example, based on hicrarchy in the groop {c.g., fireman chief is
contigured to have highest priority in the group). The WTRU may determaine the priority access
group(s) based on observed tratfic characteristics in the WTRU. The WTRU may mamtain past
and/or ongoing traffic characteristies (e.g. inter-arrival time, data rate, ete.) and/or may
determine appropriate priority access group that may be used to fulfil those traffic characteristics.
The WTRU may determine the priority access group(s) based on the function of the D2D
WTRU. For example, if the WTRU may be operating as a relay, some or all traffic may be
mapped to 3 cortain priovity access group, or the WTRU may be configored to use different (e.g.,
higher) priority access groups when operating as a relay. The WTRU may determine the priority
access group(s) as a fimetion of services configured by higher layers. For example, if higher
layers request a D20 request for emergency service, the WTRU may determine the usefulness to
USe eImergency pricrity access group.

[B3587] The configuration parameters described herein may be provided to the
WTRU, for example, along with D2D service or bearer configuration, such as by RRC or higher
layver signaling (e.g. from the ProSe function). The WTRU may be pre-configored with the
mapping rules,

16338} Anin-coverage WTRU may be configured to report the priornity access groups
the WTRU may be using to the ProSe fimction/eNB. The eNB may be given the configuration
parameters described herein (e.g. mapping of LCG ID, logical channcls, priority level, and/or the

priority access group) from the ProSe function and/or from ancther nede 1o the network {e.g.
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MME}, for example i scenarios such as where the mapping might not be determined {e.g.,
solely) by the WTRLU, among other scenarios.

[8359] Selected priority access pools may be utilized for transmission.

{8368 The WTRU may determine how fo multiplex the data info the selected priority
access groups and/or transmit data using the characteristics of the priority access group. Features
described herein may be applicable for the case where the WTRU in one transport block can
{e.g.. only) multiplex data belonging to one source-destination pair and/or applicable to the case
where the WTRU can muitiplex data belonging to different destinations.

19361} The WTRU may determine how to muliiplex and where to send some or all
data using one or more (e.g., only one} determined priority access group. For example, the
WTRU may determine to send all D20 using the priority access group with highest priority
araong the sclected access groups (e.g. if & D2D emergency service was requested by bigher
lavers, some or all waffic from that device may be sent using emergency priority access group).
For example, the WTRU may determine the highest priority service or priority aceess group that
has data available and determine the resources or transmission characteristics in which this
priority service can be trapsmiticd. The WTRU may be allowed to multiplex priority services
together (e.g., any of the priority services together) and transmit them using the transmission
characteristics of the highest priority data. Logical channel prioritization may be performed in
the transmitter, for example, o prioritize higher traffic class from lower traffic class for onc or
more, or each, PDU creation. In a case where the WTRU 15 hmited to nusltiplexing data from
one source-destination pair, the WTRU may determine the highest priority serviee or data across
destination(s} {e.g., all destinations), detormine the transmission characteristics and resources for
that priority and may multiplex data from different priorities belonging to that destination in the
same PDU, e.g., according to LCP and available space.

[8362] The logical channels that can be moltiplexed together may further be
restricted to the destination in which the highest priority service within that access group belongs
0.

[8363] The data may be segregated to be sent using multiple prionity access groups.
For example, the WTRU may determine to multiplex data belonging to the same priority access
group together and/or transmit thers using the characteristics of the selected priority access
group. if onc or more {e.g., two) priority access groups are configured {e.g., high and low), the
WTRU may classify the configured logical chamnels into one or more (e.g., two) groups, and it
may run {¢.g., individual) logical channel prioritization to multiplex logical channels within one

or more, of each, group info a separate packet.
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18364] One or more, or cach, packet may be sent to lower layer, for example, along
with & priority access group indicator. One or more, or cach, packet may be associated with a
separate indicator, for example, to indicate that pre-emption may be used to transmit the packet
{(c.g., if supported).

[8365] Triggers to determine priority access group may be described herein, The
WTRU may determine the usetulness to sclect priority access groups and/or change priority
access groups it may be using on detecting one or more of the following triggers: upon
mnitiation/termination of D20 service (e.g. emergency call); when D2D data may be available to
fransmoit; when D20 data may be available to transmit, for example at the beginning of a
scheduling period; when the fimetion of WTRU changes (e.g., WTRU may start and/or stop
operating as a refay); when the new D2D resource configuration may be provided from the
higher layers.

[8366] Priority access group may change. When the WTRU may select a new
priority access group and/or decide to remap D2ZD data to a different priority access group(s), the
WTRYU may be configured to perform one or more of the following actions: stop using the
carlier priority access groups for resource seloction; determine traffic types and logical channels
or group of logical channels that may belong to selected priovity access groups; perform resource
selection to select resources and/or transmission opportonities for one or more, or each, of
seiected priority access groups; perform logical channel prioritization for one or more or ali
logical channels that may belong to 4 selected priority aceess group and/or generate packet.

8367} Although features and elements are described with reference to LTE (2.g.,
LTE-A} and LTE terminology, the features and clements described herein may be application to
other wired and wireless communication protocols, for example, HSPA, HSPA+, WCDMA,
CDMAZO00, GSM, WLAN, and/or the Bike,

16368} Although features and eloments are described above 1n particular
combinations, one of ordinary skill in the art will appreciate that one or more, or cach, feature or
clement can be used alone or in any combination with the other features and clements. In
addition, the methods described herein may be implemented 2 computer program, software, or
firmware incorporated in a computer-readable medium for exccution by a computer or processor.
Examples of computer-readable media include clectronic signals (transmitted over wired or
wireless connections) and computer-readable storage media.  Examples of computer-readable
storage media include, but are not limited to, a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconductor memory devices, magnetic media

such as internal hard disks and removable disks, magneto-optical media, and optical media such
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as CD-ROM disks, and digital versatile disks (DVIIs). A processor in agsociation with software
may be used to implement a radio frequency transceiver for use in a WTRU, WTRU, terminal,

base station, RNC, or any host computer,
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CLAIMS

What is Claimed is:

I

b

()]

A wireless transmit/receive unit (WTRL, comprising:
a receiver, configured at least to:
receive an allocation of one or more radic resources for one or more
scheduling assignments (SA);
a processor, configured at least to:
determine a first frequency domain SA {FD SA) pool, the first FI SA
pool meluding one or more SA allocated for at least one of a first priority device-to-
devies (3213} transmiission; and
determine a second FD SA pool, the second FD SA pool including one or
more SA allocated for at least one of a second priority D2D transmission; and
a transmyitier, configured at least to:
send the at least one first priovity D2D transmission using at least one
radio resource for the one or more SA from the first FD SA pool; and
send the at least one second priority DZD transmission using at least one

radio resource for the one or more SA from the second FD 5A pool

The WTRU of claim 1, wherein the processor is further configured such that the first
priority D2D transmission bas 2 higher priority than the second priority D2D

TFansISSIon.

The WTRU of claim 1, whercin the processor is further configored such that the first FD

SA pool and the second FDY SA pool are part of 2 time domain SA (TD SA) pool.

The WTRU of claim 1, wherein the processor is further configured to:
determine a time domain D2D (TD D2D) data pool, the TD D20 data pool

meluding one or more shared radio resources.

The WTRU of claim 4, wherein the processor is further configured such that at least one
of: the one or more SA from the first FD SA pool, or the one or more SA from the second
FI3 SA data pool, correspond to D20 data transmitted on the one or more shared radio

resources.
-7
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6.

9.

The WTRU of claim 1, wherein the processor 15 further configured to apply frequency
division multiplexing (FDM) to determine at least one of: the first FD SA pool or the

second FD SA pool.

The WTRU of claim 6, wherein the processor is further configured to apply time division
multiplexing (TDM) to determine the at least one of! the first FD SA pool or the second

FI SA pools.

A wireless transmit/receive unit (WTRU), the WTRU capable of device-to-device (D2B)
communication, the WIRU comprising:
a receiver, the receiver configured at least to
receive at least one oft a first D2D channel or a fivst D20 signal; and
a processor, the processor configured at least to:
determinge if at least one of! a sccond D2D channel or a second D20 signal
15 to be transmitted while the at least one of: the first D20 channel or the first
D2D signal is being received;
determine a relative priority between the at least one of! the first D2D
channel or the first D2D signal, and the at least one oft the second DZD channel
ot the second D2D signal upon determining that the at least one of! a second D20
channel or a second D2D signal is to be transmitted while the at least one of: the
first D2D channel or the first D2D signal is being received; and
determine a number of D2D subframes to be used for receiving which of
the first D2D chamnel or the first D2D signal, or the second D2D channel or the

second D20 signal has the higher relative priority.

The WTRU of claim &, wherein the processor is further configured such that the
determination of the relative priority utilizes at least one oft a D20 channel priority, 8
D2D signal priovity, a commmunication type, 8 priority of a resource pool, a time in which
the D2ZD data was received, a frequency in which the D2D data was received, an explicit
indication in & scheduling assigoment (SA}, a Mediurg Access Control (MAC) header

mdication.
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1.

1.

14.

16.

The WTRU of claim &, wherein the processor is further configured such that the
determination of the mumber of D20 subframes includes determining a reception

schedule that allows for the receipt of the number of D2D subframes.

The WTRU of claim &, wherein the processor is further configured such that the
determination of the number of D2D subframes includes determining to skip one or more
reception opportunitics originally planned for which of the first D2D chanmel or the first
D2D signal, or the second D2D channel or the second D2ZD signal has the lower relative

priority.

. The WTRU of claim §, wherein the processor is further configured such that the

determination of the nomber of D2ZD subframes includes selecting on or more avatlable
opportunities for reception of a lower priority of the first D2D channe] or first D2D
signal, or the second D20 chamnel or second D2D signal, based on determining which
transmission opportunities are usefid for a higher priority of the first D2D channel or first

D2D signal, or the second B2D channel or second D2D signal.

3. The WTRU of claim 4, wherein the processor is further configured such that the

determination of the number of D20 subframes includes skipping reception in one or
more subframes of a lower priority of the first D2D channel or first D2D, or the second
D2D channel or second D2D signal, in which the skipped one or more subframes overlap
with onc or more subframes in which a higher priority of the first D2D chapuoel or first

D20, or the second D20 channel or second D21 signal, is received.

The WTRU of claim 8, further comprising a transmitter, the transmitter configured at
feast 10!
send a message to another WTRU ecapable of D2D communication, the message
inchuding a notification of one or more actions taken by the WTRU regarding

FCCCIVET PIOCcessing.

. The WTRU of claim &, wherein the processor is further configured such that the

determination of the mumber of D20 subframes 15 performed as a function of at least one

of: a reception condition, a receiver configuration, a timer, a counter, or an index value,

A wircless transmit/receive unit (WTRU) capable of device-to-device (D2D)

communication, the WTRU comprising:
- 7% -
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17

I8

i9.

20.

a processor, the processor configured to at least:
determine to transmit a pre-emption indication; and
determine to transmit the pre-emption indication via a scheduoling
assignment (SA}; and
a transmitter, the fransmitter configured to at least:
send the SA as part of a control signal to another WTRU capable

of D20 commumnication.

The WTRU of claim 16, wherein the pre-cruption indication inchudes at least one of: a
resource index, an identify for pre-emption, a priority level, a backoeff time, an

mierruption cause, or a pattern index for pre-emption.

The WTRU of claim 16, wherein the processor is further configured such that the pre-
emption indication is camried in the SA directly, the pre-emption indication replacing one

or more existing fields of the SA.

The WTRU of claim 16, wherein the transmiiter is further configured to use a reserve SA

pool to transmit the SA as part of the control signal,

The WTRU of claim 16, wherein transmitter is forther configured to send the SA as part

of a medium access condrof {MAQC) control clement (CE).

. A wircless transmit/receive unit { WTRU), comprising:

a receiver, configured at least to:
receive an allocation of one or more radio resources for one or more
scheduling assignments (SA);
a processar, contigured at least to:
determine a first SA pool, the first SA pool including onc or move SA
allocated for at least one of a first priority device-to-device (D2D) transmission; and
determine a sccond SA pool, the second SA pooi including one or more
SA allocated for at least one of a second priority D2D transmission; and
compare a munber of first priority schedaling occurrences associated with
one or more resources for the one or more SA of the first SA pool to a threshold; and

a transmyitier, configured at least to:
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%
oy

73

0.

24,

~
2.

send the at least one first priority D2 transmission using at least one
radio resource for the one or more SA from the first SA pool upon the number equaling

or exceeding the threshold.

The WTRU of claim 21, wherein the transmitier s further configured to:

send the at least one second priovity D2D transmission using at least one
of: at least one radio resource for the one or more SA from the first SA pool, or at least
one radio resource for the one or more SA from the second SA pool, upon the number

being lower than the threshold.

r

The WTRU of claim 21, wherein the processor is further configured such that the first
priority D2D transmission has a higher priority than the second priority D2D

transmission.

The WTRU of claim 21, wherein the transmitier s further configured to:
send the at least one second priority D2D transmission using at least one
radio resource for the one or more SA from the second SA pool upon the number

equaling or exceeding the threshoid.

The WTRU of claim 21, wherein the transmitter is further configured to:
send the at least one second priority D2D transmission using at least one
Radio Resource Transmission Pattern (RRPT) designated for sccond priority 2D

transmission upon the number being lower than the threshold.
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International application No.
INTERNATIONAL SEARCH REPORT PCT/US2015/044088
BoxNo.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribad requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Internaticnal Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. m As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

1-15

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

IE No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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A. CLASSIFICATION OF SUBJECT MATTER

INV. HOAW72/04
ADD.

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

B. FIELDS SEARCHED

HO4W

Minimum documentation searched {classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

paragraph [0216]
paragraph [0225]
paragraph [0237]
paragraph [0280]
paragraph [0290]

HOLDINGS [US]) 6 August 2015 (2015-08-06)
- paragraph [0217]
- paragraph [0227]

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20137114531 Al (AHN JAE YOUNG [KR] ET 1-7

AL) 9 May 2013 (2013-05-09)

abstract

paragraph [0018] - paragraph [0019]

paragraph [0054] - paragraph [0055]

paragraph [0062] - paragraph [0066]

paragraph [0094]

paragraph [0101] - paragraph [103D]
E WO 20157116865 A1l (INTERDIGITAL PATENT 1

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" documentwhich may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or sannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

'&" document member of the same patent family

Date of the actual completion of the international search

7 January 2016

Date of mailing of the international search report

14/01/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswilk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Larcinese, Concetta

Form PCT/ISA/210 (second sheet) (April 2005)
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

RANZ CHAIR: HENNING WIEMANN RANZ VICE
CHATR: DIANA PANI RAN2 VICE CHAIR:
SEUNGJUNE YI RANZ SECRETARY: YONG-JUN
CHUNG: "Status Report RAN WG2 to TSG-RAN
#63",

3GPP DRAFT; RP-140029 RANZ STATUS REPORT
FOR RAN-63, 3RD GENERATION PARTNERSHIP
PROJECT (3GPP), MOBILE COMPETENCE CENTRE ;
650, ROUTE DES LUCIOLES ; F-06921
SOPHIA-ANTIPOLIS CEDEX ; FRANCE

vol. TSG RAN, no. Fukuoka, Japan; 20140303
- 20140306

2 March 2014 (2014-03-02), XP050781300,
Retrieved from the Internet:

URL:http://www.3gpp.org/ftp/Meetings_3GPP_

SYNC/RAN/Docs/

[retrieved on 2014-03-02]

page 23

ERICSSON: "D2D Scheduling Procedure",
3GPP DRAFT; R2-134238 - D2D SCHEDULING
PROCEDURE, 3RD GENERATION PARTNERSHIP
PROJECT (3GPP), MOBILE COMPETENCE CENTRE ;
650, ROUTE DES LUCIOLES ; F-06921
SOPHIA-ANTIPOLIS CEDEX ; FRANCE

vol. RAN WG2, no. San Francisco, USA;
20131111 - 20131115

13 November 2013 (2013-11-13),
XP050736985,

Retrieved from the Internet:

URL:http://www.3gpp.org/ftp/Meetings 3GPP_

SYNC/RAN/RAN2/Docs/

[retrieved on 2013-11-13]

paragraph [02.2]

INTEL CORPORATION: "MAC functionalities
for D2D communication",

3GPP DRAFT;
R2-142047-D2D-MAC-FUNCTIONALITY, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE

vol. RAN WG2, no. Seoul, Korea; 20140519 -
20140523

18 May 2014 (2014-05-18), XP050793288,
Retrieved from the Internet:

URL:http://www.3gpp.org/ftp/Meetings_3GPP_

SYNC/RAN2/Docs/
[retrieved on 2014-05-18]
figure 2

paragraph [03.2]

1-7

1-7

7-15
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DOCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

QUALCOMM INCORPORATED (RAPPORTEUR):
"Report on [85bis#18][LTE/D2D] User plane
aspects of D2D Communication (QC)",

3GPP DRAFT; R2-142561-EMAIL DISCUSSION
REPORT ON D2D USER PLANE-REPORT, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX

vol. RAN WG2, no. Seoul, South Korea;
20140519 - 20140523

18 May 2014 (2014-05-18), XP050793658,
Retrieved from the Internet:
URL:http://www.3gpp.org/ftp/Meetings_3GPP_
SYNC/RAN2/Docs/

[retrieved on 2014-05-18]

paragraph [2.2.1]

page 7, line 22 - line 29

7-15
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Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013114531 Al 09-05-2013 KR 20130048709 A 10-05-2013
US 2013114531 Al 09-05-2013
WO 2015116865 Al 06-08-2015 US 2015215903 Al 30-07-2015
WO 2015116865 Al 06-08-2015
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-7

WTRU including two freguency scheduling assignment pools

2. claims: 8-15

WTRU configured to determine the order of D2D transmissions

3. claims: 16-20

WTRU configured to determine pre-emption indication

4. claims: 21-25

WTRU configured to guarantee D2D transmissions
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