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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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DEVICE-TO-DEVICE (D2D) PRE-EMPTION AND ACCESS CONTROL

FIELD OF INVENTION

[0001] This application relates generally to wireless communications, in

particular, to systems and methods for device-to-device communications.

BACKGROUND

[0002] Device-to-device (D2D) communications may be utilized for various
purposes, such as public safety communications. D2D communications may be associated
with standardized technologies, such as LTE, IEEE, etc. In LTE systems, access control
and/or priority handling may be used to arbitrate access to and/or usage of wireless resources

by terminals.

SUMMARY

[0003] 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 scheduling 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 D2D data, wherein the D2D

data may be transmitted on the selected SA resources.

Date Regue/Date Received 2021-12-29
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[8684] The WTRU way be configured to select the available SA resources from a
preconfigured set of SA resources. The WTRU may be configured to receive configuration
signaling and/or determine the available SA resources from the received configoration signaling.

[6085] Embodiments contemplate priority recoption and/or transmission for D2D
relays, for exaraple. Embodiments contonplate signaling for usage of (e.g., guaranteed)

segregated resources.

(6086} A wireless transmit/receive unit (WTRU) may comprise areceiver. The
receiver may be configured to receive an allocation of one 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 5A pool
may inchade one or more SA allocated for at least one of o first priority device-to-device (D2ZD)
transmission, The processor may be configured to determine a second FD 5A pool. The second
FD SA pool may mclade one or more SA allocated for at least one of a second priovity D2D
transmission. The WTRU may comprise a transmitter. The transmitter may be configored to
send the at lcast one first priority D2D transmission using at lcast one radio resource for the one
or more SA from the fivst FD SA pool. The wransmitter may be configured to sond the at least
one second priority D2D transmission using at least one radio resource for the one or more SA
from the second FD SA pool

(8087} A wireless transmit/receive unit (WTRU) may be capabie of device-to-device
{D2D) commumication. The WTRE may comprise a receiver. The receiver may be configured
to receive at least one of: a first D20 channel or a first D2D signal. The WTRU may comprise a
precessor. The processor may be configured to determine if at least one of! a second 12D
chamncl or a sccond 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 1o determine
a relative priority between the at feast one oft the first D2D channel or the first D2D signal, and
the at lcast one of: the sccond D2D channel or the second B2 signal upon determining that the
at least one of g second D2D channel o1 2 second D21 signal is 0 be transmitted while the at
least one of: the fivst D20 channel or the fivst D20 signal is being received. The processor may
be configured to determine a number of B2D subframes to be used for receiving which of the
first D2D channel or the fivst D2D signal, or the second D20 channel or the second D20 signsl
has the higher relative priority.

[ BO68] A wirgless transmit/receive unit (WTRU) may be capable of device-to-device
(D2D) commmunication. The WTRU may comprise a processor. The processor may be

configured to determine o transmit a pre-emption indication. The processor may be configured
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{0 deternung to transmit the pre-cmption indication via a scheduling assignment (SA). The
WTRLU may comprise a trangmitter. The wansmitter may be configured to send the SA as part of
a control signal to another WTRU capable of D2D communication.

[6085] A wircless transmit/reccive unit (WTRU)Y may comprisc a recciver, The
receiver may be configured to veceive an allocation of one or more radio rescurces for one or
more scheduling assignments (SA). The WTRU may comprise a processor. The processor may
be contigired to determine 8 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 (DZD} transmission. The processor
may be contigured to determine a second SA pool. The second SA pool may include one or
more SA allocated for at least one of a second priovity D2D transmission. The processor may be
configured to compare a number of first priority scheduling occurrences associated with one or
wwore resvurces for the one or more SA of the first SA pool to a threshold, The WTRU may
comprise a transwitter. The transoutter may be configured to send the at least one first priority
DZD 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

6618} A more detailed understanding may be had from the following description,
given by way of example in conjunction with the accorpanying drawings.

16911} FIG. 1A is a systemn diagram of an example communications system in which
one or more disclosed embodiments may be implemented.

16612} FIG. 18 s a systom diagram of an example wireiess transmit/receive unit
{WTRU) that may be used within the communications system illustrated in FIG. 1A,

(6013} FIG. 1C 18 a system diagram of an example radio access network and an
example core network that may be used within the communications systom illustrated in FIG,
1A,

[B014) FIG 1D s a system diagram of another example radio access notwork and an
example core network that may be used within the cormumnications system illustrated in FIG.
1A,

[B015] FIG. IE 18 a system diagram of another example radio access network and an
example core network that may be used within the comnumications system illgstrated in FIG,
1AL

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

i
(S
'
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3213 data subframes.

(6917} FIG. 3 is an example of priority based access for D2D comumunications
through TDM of SA in shared DZD data subframes.

[6018] FIG. 4 is an cxample of priority based access for D2D comnwnications
through FDM in the 5A and the D2D data subfranes,

[B019] FIG. 5 iy an example of priority based access for D20 communications
through FDM of SA in shared D2D data sabframes.

16628} FIG. 6 is an example of priority based access through different resource
allocation densitics for D2D subframe pools (for exanple, TDM).

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

[6022§ FIG. § is an cxample of priority based access for D20 data using persistence
parameters (for example, SA).

(6023} FIG. 9 1s an example of prioritized reception of  high-priority channel by
D2D terminal with FDD half-duplex operation,

169024} FIG. 10 is an exanople of multiple concurrently received D2D channels (for
example, voics).

[6625] FIG. 11 15 an example of multiple concurrently D20 channels fo be

transmitted {for example, voice and data).

DETAJLED DESCRIPTION

(3826} A detailed description of illustrative embodiments will now be described with
reference to the various Figures. Although this description provides a detailed example of
possible implementations, it 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 “8” and “an”, absent
further qualification or characterization, may be understood t0 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 crbodiments may be implemented. The communications system 100 may be
a muitiple access system that provides content, such as voice, data, video, messaging, broadeast,
efe., to mudtiple wireless users. The conmmmumnications system 10 may enable multiple wiraless

users to aceess such contont through the sharing of system reseurces, mcluding wireless

=S

-4 -
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bandwidth, For example, the communications systeras 100 may craploy one or more channe
access methods, such as code division multiple access ({CERXMA), time division multiple access
{TDMA}, frequency division multiple access (FDMA), orthogonal FDMA (OFDMA), single-
carricr FDMA (SC-FDMA), and the like.

(6028 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) 103/104/105, a core network
106/107/109, a public switched telephone network (PSTN) 108, the Internet 110, and other
networks 112, though it will be appreciated that the disclosed embodiments contcmplaic any
mumber of WTRUs, base stations, ngtworks, and/or network clements. Each of the WTRUs
102a, 102, 102¢, 102d may be any type of device configured to operate and/or communicate in
a wircless cnvironment. By way of example, the WTRUs 102a, 102b, 102¢, 102d may be
configured to transmit and/or receive wireless signals and may inchide user equipment (WTRLD},
a mobile station, a fixed or mobile subscriber onit, 2 pager, a celhular telephone, a personal
digital assistant (PDA), a smariphone, a laptop, a nctbook, a personal computer, a wircless
sensor, consumer electronics, and the fike.

16625} The communications systems 100 may also include 2 base station 114aand a
base station 114b. Each of the base stations 114a, 114b may be any type of device configured to
wirglessly interface with at least one of the WTRUs 102a, 102b, 102¢, 1024 to facilitate access o
one or more comnmumication networks, such as the core network 106/107/109, the Internet 110,
and/or the networks 112, By way of exampile, the base stations 1144, | 14b may be a base
transceiver station (BTS), a Node-B, an eMode B, a Home Node B, a Home eNode B, g site
controlier, an access point {AP), a wireless router, and the Hike. While the base stations 1144,

P 14b are each depicted as a single element, it will be appreciated that the base stations 1144,
114b may inchide any number of interconnected base stations and/or network clements,

[6036] The base station 114a may be part of the RAN 103/104/105, which may also
include other base stations and/or network elements (not shown), such as a base station controlier
(BSC), a radio network controller (RNC), relay nodes, ete. The base station 1 14a and/or the base
station 114k 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 example, the cell associated with the basce station 114a may be
divided 1nte three sectors. Thus, in ong embodiment, the base station 1143 may inclode three
transceivers, e.g., one for each sector of the cell. In another ernbodiment, the base station 114a

way cmploy mwhtipie-input nwitiple output (MIMO) technology and, therefore, may utilize
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roultiple transceivers for cach sector of the cell.

(86313 The base stattions {14a, 1 14b may communicate with one or more of the
WTREs 1024, 162b, 102¢, 1024 vver an air interface 115/116/117, which may be any soitable
wircless communication link {e.g., radio frequency (RF), microwave, infrared (IR}, ultraviolet
{(UV), visible light, efc.). The air inderface 115/116/117 may be established using any suitable
radio access technology (RAT).

(8832} More specifically, as noted above, the commnications system 100 may be a
multiple access system and may employ one or more chammel access schemes, such as CDMA,
TDMA, FOMA, OFDMA, SC-FDMA, and the like. For example, the base station 114a in the
RAN (03/104/105 and the WTRUs 102a, 102b, 102¢ may implement a radio technology such as
Universal Mobile Telecommunications Systers (UMTS) Terrestrial Radio Access (UTRA],
which may cstablish the atr inderface 115/116/117 using widchand COMA (WCDMA),
WCDMA may include communication protocols such as High-Speed Packet Access (HSPA)
and/or Evolved HSPA (HSPA+). HSPA nwy include High-Speed Downlink Packet Access
(HSDPA) and/or High-Speed Uplink Packet Access (HSUPA).

10033 In another embodiment, the base station 114a and the WTRUs 102a, 162b,
102¢ may mmplement a radio technology such as Evolved UMTS Terrestrial Radio Acecess (E-
UTRA), which may establish the air interface 115/116/117 using Long Term Evolution (LTE)
and/or LTE-Advanced (LTE-A).

(3834} In other embodiments, the base station 114a and the WTRUs 102a, 102b,
1062¢ may implement radio technologies such as IEEE 802.16 (e.g., Worldwide nteroperability
for Microwave Access (WIMAXY), CDMAZ000, COMAZ000 1X, CEMA2000 EV-DO, Interim
Standard 2000 (IS-2000), Intcrim Standard 95 (18-95), Interim Standard 856 (15-856), Global
System for Mobile communications (GSM), Enhanced Data rates for GSM Evolution (EDGE),
GSM EDGE (GERAN), and the like.

[6035] The base station 114b in FIG. 1A may be a wireless router, Home Node B,
Howe eMode B, or access point, for example, and may utilize any suitable RAT for facilitating
wircless commectivity in a localized area, such as a place of business, a home, a vebicle, a
campus, and the like. In one embodiment, the base siation 114b and the WTRUs 102¢, 1024
may implement a radio technology such as IHEE 802,11 to cstablish a wircless local area
network {WLAN). In another embodiment, the base station 114b and the WTRUs 102¢, 102d
may implement a radio technology such as 1IEEE 802,15 to establish a wireless personal area
network (WPAN). In yet another embodiment, the base station 114b and the WTRUs 102¢,

102d may utilize a collular-based RAT {e.g., WCDMA, CDMAZ000, GSM, LTE, LTE-A, efc)

-6 -
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10 cstablish a picocell or fentocell, As shown in FIG. 1A, the basc station 114b may have a
divect conmection to the Internet 110, Thus, the base station 1 14b may not be required to access
the Internet 110 via the core network 106/107/109.

16036} 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 voice over internet protocol (VolP) services to one or more of the WTRUs 1024, 102b,
102¢, 1024, For example, the core network 106/107/10% may provide call control, billing
services, mobile location-based services, pre-paid calling, Intemet connectivity, video
distribution, etc., and/or perform high-level security functions, such as user authentication.
Although not shown i 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 indivect communication with other RANS that cowploy
the same RAT as the RAN 103/104/105 or a different RAT. For example, in addition to being
conmected 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 conmmnunication with another RAN (not shown)
employing a GSM radio technology.

16037} The core network 106/107/109 may also serve as a gatoway for the WTRUs
102a, 102b, 102¢, 102d 10 access the PSTN 148, the Tnternet 110, and/or other networks 112,
The PSTN 108 may mclude 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 compumication protocols, such as the transmission
control protocol (TCP), user datagram protocol (UDP) and the mmternet protocol (IP) n the
TCP/IP internet protocol suite. The networks 112 may include wired or wircless
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
employ the same RAT as the RAN 103/104/1065 or a different RAT.

[G038] Some or all of the WTRUs 102a, 102b, 102¢, 102d in the communications
systern 100 may inchude nlti-mode capabilitics, e.g., the WTRUs 102a, 102b, 102¢, 102d may
include multiple transceivers for communicating with different wireless networks over different
wircless kinks. For cxample, the WTRU 102¢ shown in FIG. 1A may be contigured to
communicate with the base station 114a, which may employ a cellular-based radio technology,
and with the base station 114b, which may cmploy an IEEE 802 radio technology.

[6639] FIG. 1B is a systemn diagram of an example WTRU 102, As shown in FIG.
1B, the WTRU 102 may include a processor 118, a transceiver 120, a transmait/receive clement

122, a speaker/microphone 124, a keypad 126, a display/touchpad 125, non-removable memory

=1
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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 include any sub-
combination of the foregoing clements while remaining consistent with ap embodiment,  Also,
cmbodiments conterplate that the base stations 114a and 114b, and/or the nodcs that base
stations 114a and 114b may represent, such as but not limdted to transceiver station (BT8), a
Node-B, a site controller, an access point (AP), a home node-B, an evolved home node-B
{eNodeB), a home evolved node-B (HeNB), a home evolved node-B gateway, and proxy nodes,
among others, may include some or all of the clements depicted in FIG. 1B and described herein,

16040] The processor 118 may be a general purpose processor, a special purpose
processor, a conventional processor, a digital signal processor (DSP), a plorality of
MICIOPIOCESSOrS, ONC OF MOTC MICYOPIoCcessors in association with a PSP core, a controller, a
wucroceniroller, Application Specific Intograted Circnits (ASICs), Field Prograramable Gate
Array (FPOAs) circurts, any other type of integrated circuit (1), a state machine, and the like.
The processor 118 may perform signal coding, data processing, power control, input/outpat
processing, and/or any other functionality that caables the WTRU 102 to operate in a wircless
covironment. The processor 118 may be coupled to the transceiver 120, which may be coupled
to the transnut/receive element 122, While FIG. 1B 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.

(6041} The transmit/receive element 122 may be configured to transmit signals to, or
recetve signals from, a base station (e.g., the base station | 14a) over the air interface
115/116/117. For example, in one embodiment, the transmit/receive clement 122 may be an
antenna configured to transmit and/or receive RF signals, In another cobodimend, 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 yot 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/recetve clement 122 may be configured to transmit and/or recoive
any combination of wircless signals.

[3042] In addition, although the transmit/receive cloment 122 1s depicted in FIG, 1B
as a single clement, the WTRU 102 may include any number of transmit/receive elements 122,
More specifically, the WTRU 102 may employ MIMO technology. Thus, in one embodiment,
the WTRU 102 may include two or more transmit/receive eloments 122 {e.g., multiple antennas)
for transmitting and receiving wircless signals over the air interface 115/116/117.

[B6043] The transceiver 120 may be configured to modulate the signals that arc to be
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transmitted by the transmit/receive cloment 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 inclode multiple transceivers for enabhing the WTRU
102 to commuaicate via multiple RATs, such as UTRA and IEEE 802.11, for cxample,

6044 The processor 118 of the WTRU 102 may be coupled to, and may receive user
input 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 ovganic light-emitting diode (OLED) display
unit}. 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 inchude 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, 2 memury stick, a secure digital (SD) memory card, and the like. 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).

[6045] 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 inchide one or more dry celi batteries {e.g., nickel-cadmim (NiCd),
nickel-zine (NiZn), nicke! metal hydeide (NIMH), Lithtom-ion (Li-ton), efc.), solar cells, fugl

cells, and the like.

6046} The processor 118 may also be coupled to the GPS chipset 136, which may
configured to provide location Information {e.g., longitude and latitude) regarding the current
location of the WTRU 102, In addition to, or in leu of, the information from the GPS chipset

36, the WTRU 102 may receive location information over the air interface 115/116/117 from a
bage station {e.g., base 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 acquire location information by way of any suitable location-determination
method while remaining consistent with an embodiment,

16647} The processor 1R may further be coupled to other peripherals 138, which
may nchide one or more software and/or hardware modules that provide additional features,
functionality and/or wired or wireless connectivity. For exaraple, the peripherals 138 may

include an accclerometer, an c-compass, a satellite transceiver, a digital camera (for photographs
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or video), a universal serial bus (USB) port, a vibration device, a television transceiver, a hands
free headset, a Bluetooth® module, 8 frequency modidated (FM) radio unit, a digital music
player, a media player, a video game player module, an Internet browser, and the like,

[6048] FIG. 1C is a systom diagram of the RAN 103 and the core nctwork 106
according to an embodiment. As noted above, the RAN 103 may employ a UTRA radio
technology to commumicate with the WTRUs 162a, 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 1403, 140b, 140c¢, which nway each include one or more
fransceivers for communicating with the WTRUs 102a, 102b, 102¢ over the air interface 115.
The Node-Bs 144a, 140b, 140¢ may each be associated with a particular cell (not shown) within
the RAN 103, The RAN 103 may also include RNCs 1423, 142b. [t will be apprecisted that the
RAN 103 may include any number of Node-Bs and RNCs while remaining consistent with an
embodiment.

(38497 As shown it FIG. 1C, the Node-Bs 1401, 140b may be in communication with
the RNC 14%7a. Additionally, the Node-B 140c may be in communication with the RNC 142b.
The Node-Bs 140a, 140b, 140¢ may conunumicate with the respective RNCs 142a, 1420 via an
fub interface. The RNCs 142a, 142b may be in communication with one another via an fur
interface. Each of the RNCs 1422, 142b may be configured to control the respective Node-Bs
140a, 140b, 140c to which it is connected. In addition, each of the RNCs 1422, 142b may be
configured to carry cut or support other functionahty, such as outer loop power control, load
control, admission control, packet scheduling, handover control, macrodiversity, security
functions, data encryption, and the like.

16058] The core network 106 shown in FIG. 1C may include a media gateway
(MGOW) 144, a mobile switching center (MSC) 146, a serving GPRS support node (SGSN) 148,
and/or a gateway GPRS support node (GOSN} 150, While each of the furegoing elements are
depicted as part of the core network 106, it will be appreciated that any one of these clements
may be owuned and/or operated by an entity other than the core network operator.

(3951} The RNC 142a in the RAN 103 may be connected to the MSC 146 in the core
network 106 via an (S interface. The MSC 146 may bo connccted to the MGW 144, The
MSC 146 and the MOW 144 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 commmunications devices.

(6052} The RNC 1423 in the RAN 103 may also be connected to the SGSN 148 in

the core network 106 via an fuPS interface. The SGSN 148 may be connected to the GGSN 150,
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The SGEN 148 and the GGSN 150 may provide the WTRUs 1022, 102b, 102¢ with aceess o
packet-switched networks, such as the Internet 114, to facilitate communications between and
the WTRUs 102a, 102b, 102¢ and 1P-enabled devices.

(0053} As noted above, the core network 106 may alse be connectad to the networks
112, which may include other wired or wireless networks that are owned and/or eperated by
other sexvice providers.

054} 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 radic
technology to communmicate with the WTRUs 10Z2a, 102b, 102¢ over the air interface 116, The
RAN {04 may also be in commanication with the core network 107,

[B035] The RAN 104 may include eNode-Bs 160a, 160b, 160c¢, though it will be
appreciated that the RAN 104 may include any sumber of ¢Node-Bs while remaining consistent
with an embodiment. The eNode-Bs 160a, 160b, 160¢ may each include one or more
transceivers for communicating with the WTRUs 102a, 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 wireless signals 1o, and
receive wireless signals from, the WTRU 102a

18656} Each of the cNode-Bs 160a, 160b, 160¢c 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 like. As shown in
FI1G. ID, the eNode-Bs 160a, 160b, 160c may communicate with ong another over an X2
interface.

16657} The core network 107 shown in FIG. 1D may mclude 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 onc of these clements may be owned and/or operated by an entity other than
the core network operator,

[BOSR] 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 conlrol node. For example, the MME 162
may be responsible for authenticating users of the WTRUs 102a, 102b, 102¢, bearer
activation/deactivation, sclecting a particular serving gateway during an initial attach of the
WTRUs 102a, 102b, 102¢, and the like. The MME 162 may also provide a control plane
function for switching between the RAN 104 and other RANs (not shown) that employ other

radio technologics, such as GEM or WUDMAL
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16659 The serving gatoway 164 maay be conneeted to cach of the eNode-Bs 160a,
I650b, 160¢ n the RAN {04 via the S1 interface. The serving gateway 164 may generally route
and forward vser data packets to/from the WTRUs 102a, 102, 102¢. The serving gateway 164
may also performs other functions, such as anchoring user piancs during inter-cNode B
handovers, triggering paging when downlink data is available for the WTRUs 102a, 102b, 102¢,
managing and storing contexts of the WTRUSs 102a, 102b, 102¢, and the like.

(6066} The serving gateway 164 may also be comected to the PDN gateway 166,
which nyay provide the WTRUs 102a, 102b, 102¢ with access to packet-switched networks, such
as the Internct 110, to facilitate communications between the WTRUs 102a, 102b, 102¢ and 1P-
enabled devices,

(G061} The core network 107 may facilitate communications with other networks,
For example, the core network 107 may provide the WTRUSs 102a, 102b, 102¢ with access to
circuit-switched networks, such as the PSTN 108, to facilitate communications between the
WTRUs 1024, 102b, 102¢ and traditional land-Hne commenications devices. For example, the
core network 107 may include, or may communicate with, an [P gateway (e.g., an IP multimedia
subsysten (IMS} server) that serves as an interface betwoen the core network 107 and the PSTN
108, In addition, the core network 107 may provide the WTRUs 1024, 102b, 102¢ with access fo
the networks 112, which may include other wired or wireless networks that are owned and/or
operated by other service providers.

(6062} FIG. IE i3 a system diagram of the RAN 105 and the core network 109
according to an embodiment. The RAN 1035 may be an access service network (ASN}) that
employs IEEE 802.16 radio technology to communicate with the WTRUs 102a, 102b, 102¢ over
the air interface 117, As will be further discussed below, the communication Huks between the
ditferent functional entities of the WTRUs 102s, 102b, 102¢, the RAN 105, and the core network
109 may be defined as reference points.

(0063} As shown in FIG, 1E, the RAN 105 may inclade base stations 180a, 180b,
180c, and an ASN gateway 182, though it will be appreciated that the RAN 105 may inclhude any
number of base stations and ASN gateways while remaining consistent with an embodiment.
The base stations 180a, 180b, 180c¢ may cach be associated with a particular cell {not shown) in
the RAN 105 and may cach include one or more transceivers for conmunicating with the
WTREs 102a, 102, 102¢ over the air interface 117, In one embodiment, the base stations 180a,
186h, 180¢ may implement MIMO techunology. 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, 180c may also provide mobility management
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functions, such as handoff triggering, wnnel cstablishment, radio resource management, fraffic
classification, quality of service {Qol) policy enforcement, and the like, The ASN gateway 182
may serve as a raffic aggregation point and may be responsible for paging, caching of sabseriber
profiles, routing to the core network 109, and the like,

(3064 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 1EEE 802,16 specification. In
addition, cach of the WTRUs 102a, 102h, 182¢ may cstablish a logical interface (not shown)
with the core network 109. The logical interface between the WTRUs 102a, 102Zb, 102¢ and the
core network 109 may be defined as an R2 reference point, which may be used for
authentication, suthorization, IP host configuration management, and/or mobility management.

(0065} The communication link between each of the base stations 180a, 180b, 180¢
way be defined as an R& reference point that includes protocols for facilitating WTRU handovers
and the transfer of data between base stattons. The commumication Hnk between the base
stations 1804, 180b, 180¢ and the ASN gateway 182 may be defined as an R6 reference point.
The Ré reference point may include protocols for facilitating mobility management based on
mobility ovents associated with cach of the WTRUs 102a, 102b, 102¢.

(8666} As shown in FIG. 15, the RAN 105 may be connected to the core network
109, The conumunication Hak between the RAN 105 and the core notwork 109 may defined as
an R3 reference point that includes protocols for facilitating data transfor and mobility
management capabilities, for example. The core network 109 may incluade a mobile 1P home
agent {(MIP-HA) 184, an authentication, authorization, accounting (AAA) server 186, and a
gatcway 188. While each of the foregoing clements are depicted as part of the core network 109,
it will be appreciated that any one of these clements may be owned and/or operated by an cntity
other than the core network operator.

(6067} 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 notworks.
The MIP-HA 184 may provide the WTRUs 1022, 102b, 102¢ with access 1o packet-switched
networks, such as the Tnternet 114, to facilitate commumnications between the WTRUs 102a,
102b, 102¢ and IP-cnabled devices. The AAA server 186 may be rosponsible for user
authentication and for supporting user services. The gateway 18¥ may facilitate interworking
with other networks. For example, the gatoway 188 may provide the WTRUs 102a, 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 conmumications devices. In

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

[6068] Although not shown in FIG. 1E, it will be appreciated that the RAN 103 may
be conngected to other ASNs and the core neiwork 109 may be connecicd to other core networks.
The comwpunication 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 105 and the other ASNs. The commumication link between the
core network 109 and the other core networks may be defined as an R3 reference, which may
include protocols for facilitating interworking between home core networks and visited core
networks.

16065} For 3GPP and/or LTE based radio access, support for D2D communications
may allow for cost-efficient and high-capability public safety conumunications using LTE
technology. This may be motivated by the desire 10 harmonize the radio access technology
across jurisdictions in order to lower the CAPEX and OPEX of radic-access technology
available for the usc of public safety (PS) type of applications. This may be motivated by LTE as
a scalable wideband radio solution may allow for efficiont nultiplexing of different services
types like voice and video.

[66748] Since PS applications may utilize (e.g., typically require) radio
communications in areas that might not be under radio coverage of an LTE network, e.z. in
tunmels, in deep basements, and/or following catastrophic system outages, there may be a
usefulness to support D2D commumications for PS in absence of any operating network and/or
prior to the arrival of AdHoc deployed radio infrastructure, Even when operating in presence of
operating network infrastructure, PS comanunications may utilize (¢.g., typically require) higher
reliability than commercial services.

(6671} PS type of applications, e.g. betwesn first responders, may inchude direct
push-to-talk speech sorvices using multiple talk groups. PS type of applications may include
services such as video push or downlead, for exanmple, to make efficierd use of the capabilities an
LTE broadband radio provides.

(8672} D2D communications may be avatlable for PS5 type of applications and/or
commercial use cases, for exanple, perhaps when deployed. For exanple, a coramercial use
could be utility companies who often also require support for 2-way radio communications in
arcas not covered by network mfrastractore. 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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10673} Access controf may be disclosed herein, Priority handling may be disclosed
herein.
[6074] In LTE systems, there may be access control and/or priority handling

mechanisims to arbitrate the access to and/or usage of wircless resources by terminals.

(8075 For example, system information broadeast (S1B) messages carried on
broadeast chamnel (BCH) may carry information for which access service classes terminals
attempting to connect to the cell are allowed, ¢.g. emergency only, mainienance only, and/or any
type. Access control may be possible, for example, once a terminal device is connected to an
LTE cell. For example, if there are more torminals conneeted to a cell than can be rchiably
supported, Access Stratum {AS) and/or Non-Access Stratam (NAS) connections from the
network side may be terminated. Terminal devices may be re-directed to channels and/or bands
of another radio access technology like GSM or 3G HSPA 1n the operator’s network,

[8076] Access control in existing LTE networks may exist in one or more (e.g.,
memy) forms. Access control in LTE networks may have in common that terminal devices may
be denied and/or limited, for cxample, in fcrms of access to wirciess resources by the network
prior to a cotmection atierupt and/or while being connected to cell(s).

18477} LTE gystems may offer technigues for priority handling of concurrently
running wireless services. Priority handhing may be used to ensure higher Quality of Service
{Qo8) 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., useful/essential control signaling).

[6078] For example, in LTE systems, priority handling of data with multiple users in
the svstem may be possible by the basce station (e.g., first) scheduling high-priority data with
real-time QoS constraints m the Downlink (DL). Priority handling of date with multiple users in
the system may be possible by the base station artificially redacing and/or throttling service data
rates for lower priority download type of data. Systems, such as when supporting cmergency
calls, may implemert priority handling for E911 calls to guarantee successtul call setup
percentages (2.g., much) higher and/or occwrrences of dropped calls (e.g., much) lower than
typically guarantced for regular voice calls. If a single terminal device has nwidtiple types of data
10 transiit concurrently, rules may specify to transmit higher priovity data (e.g., fivst) when an
UL transmission epportunity may have been granted. Lower priority dafa may complete (e.g.,
tater), for example, once packets allocated higher logical channel priorities have completed their

transmission,
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16479 Priority handling from the single user porspective and/or from the system
perspective may be tmplemented 1 different forms in existing LTE systems. These may have in
conmon that higher priority data may be transmitted (e.g., first) perhaps if useful, and/or lower
priority data may be pre-cmapted from transmission if concurrent services have to be supported
concurrently.

(BRG] D20 conmnunications may use LTE based radio access.

(3081} D2D communications usimg LTE based radio access may be designed (o
operate in network-control mode and/or in WTRU autonomous mode. Network-control 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 (e.2., only possible) under certain conditions, for
example, if the DZD 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 communicate with the
LTE base station. In this case, 1t may mostly use channel access parameters pre-stored on the
terminal itself.

[6082] For D20 communications using Mode 1, the LTE base station may reserve a
selected got of UL subframes to allow for 2D transmissions. The LTE base station may
announce a set of UL subframes with associated parameters n which D2D communications for
neighbor cells and/or Mode 2 terminals may be received. Less than all LTE system bandwidth
(BW) may be availeble for 2D ransmissions in a subframe reserved for D2D. Perhaps when
operating in Mode 1, for example, radio resowrces 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 cellular UL, for example, indicating to the base station the
amount of available D2D data. The D2D grant reccived by the D2D torminal from the LTE base
station on the celiular DL yoay allow the D2D terminal t0 use certain sclected radio resources, for
example some radio blocks (RBs) occurring in some subframes over a certain scheduling pertod.

[6083] The D2D torminal may transmit a Schoduling Assignment (SA) message ina
set {e.2., first set) of one or more D2D subframe(s) and/or transmit the D2D data in a set {c.g.,
second set) of D2D subframes in a scheduling period. Scheduling assignments {e.g., and others)
may contain an identificr ficld, an MCS ficld, a rosource indicator and TA ficld. D2D dais
packets {e.g., and others) may contain a MAC header with source and/or destination address.
Multiple logical channels may be multiplexed and/or sent as part of a single transport block (TB)
in a D20 subframe by 8 WIRU.

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

autonomously sclect) time/frequency radio resources. Channel access pavameters, such as the

16 -



CA 02957406 2017-02-06

WO 2016/022849 PCT/US2015/044088

subframcs for use with transmissions of SA control messages and/or corresponding D213 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 torminals, for example they may transmit SAs
followed by D21 data o scheduling periods. The preceding UL waffic volume indication and/or
DE D2D grant phase might not follow the same or similar transimission behavior as Mode |
terminals.

[30%5] For D20 communications in Mode 1 and Mode 2, B20 terminals nray
transmit auxiliary D20 signals, such as D2D synchronization signals and/or channcl messages to
aid receivers m demodudating their transnissions.

[6086] D20 communications psing LTE based radio access may carry voice channels
and/or data packets and/or data streams. D21 comumunications may mehade D2D discovery
service. D20 discovery (e.g., unlike voice chamnels) may use {e.g., only use) smali packe
transyoissions that may fit o one, two or few (e.g., at most) sobframes.  For example, these
packets may contain application data announcing availability of devices and/or SW applications
1o participate in D20 data exchanges with ternynals in the vicinity.

[6087) {3213 discovery may or nught not use the same or similar channel access
protocol, such as may be used for B2D commumications for voice and/or generic D20 data, For
D20 discovery service, such as when in coverage of an LTE base station, D25 discovery
resources may be allocated (e.g., separately allocated) from those used for D2D conununications
with voice or generic D2D data. Radio resources for D2D discovery messages may be selected
{c.g., autonomously) by D2D terminals from a sot of resources that may be reserved by the eNB
and/or may be recurring {e.g., periodically recurring) time-frequency radio resources in UL
subframes (e.g., Type 1 discovery) and/or may be allocated (e.g., explicitly allocated) by the
LTE serving cell to the D2D terminals (e.g., Type 2 discovery). The latter may be similar to
D20 conununications Mode 1. Transmissions of scheduling assignments might not be used
when transmitting D2D discovery messages. D2D termoinals transmitting (e.g., only
transmitting) D2D discovery messages may be used to transmit anxiliary D2D synchronization
signals to assist receivers,

[B088] Access control, priority handling and/or pre-cmption mechanisms for D2D
conununications using LTE based radio access comparable to conventional LTE networks may
be described herein.

{6089} D2D terminals, such as those for use with public safety applications, may be

{¢.g., inherently) designed to operate in absence of operating LTE radic network infrastructure,
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This may 1mply that these devices may be able to operate avtonomously in terms of channel
access and any handling of their D20 data transmissions. Unlike present LTE terminal devices
which may be mostly network-controlled through cormtrol signaling message exchanges with the
LTE network, D2ZD terminal devices may store (e.g., typically store) some (e.g., most if not all)
parameters that oay determine thetr channel access and/or transmission behavior on the (U)SIM
card and/or as part of the application software (SW).

[6096] Transmission procedures and/or channel aceess protocols for B2D
communications using LTE based radic access might not be designed to allow for random access
to distinguish priorities for individual devices and/or to aliow for data transmission under
consideration of quality-of-service (QoS) for D2D data, A mechanmism {o deny, to bt and/or o
restrict a particular device or user from access to D2D radio resources may exist.

(8051} Perhaps when in radio range of an LTE cell, among other scenarios, for
example, cortain limitations onto allowable UL subframes that may be reserved for use by the
DZD terminals in the vicinity may be imposed by the LTE serving cell. Priority handling and
channcl access by different users or for different types of data transmiited from a given D2D user
might not be ensured determindstically. 1f (e.g., only if) D20 radic resources inthe LTE serving
cell are over-provisioned, successful chanmel access for high-priority terminals and successtul
transmission of higher priovity data may be ensured, for example, i the statistical sense. In
absence of operating LTH radio network infrastructure, there may be less countrel over usage of
the D20 radio resources.

(B892} A D2D terminal might not distinguish between different types of D2D data,
for example, for radio resource allocation trade-offs.

[LLERT 3213 communications using L'TE based radio access may atlow for (e.g.,
implicit) distinction of different types of D2D communications received, for example, when
associating the encryption or message integrity protection keys, and D2D service identifiers used
for D2D SW applications to sccure D2D data payloads by transmitting devices. When keys and
identifiors are known, a transmitting D20 terondnal or a recetving DID torminal might not be
able to distinguish higher priority users and/or higher priovity type of D21 data, for example,
unil] it may have {c.g., physically} domoduiated and/or decoded any such D2 transmission.
21 devices might not take into account priority of ongeing and/or planned D2D
conununications, 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, until it has (e.g., physically) demodulated one or more or all the channels, such as in

the presence of ongoing critical D20 coranumications, D2D terminals might not be configured
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{c.g., never configured) with the knowledge of one or more or all D2D idendifiers and/or
associated derived payload encryption and/or message integrity protection Keyvs that may be used
in the vicinity by other DZD 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 D21 payioad contents. The pavioad might not be decoded by such g D2D
device n the absence of known keys and/or associated tdentifiers.  Information about the camried
D2ZD payload might not be derived.

(6094} Mechanisms for D20 communications using LTE radio access technology
that may allow for priority based channel access, priority based handling of D21
commaunications as a function of D2D terminal and/or type of D2D data to ensure service
availability and QoS, and/or for pre-cmption in critical circumstances may be described herein,
Awvailability of priotity based access and/or ransmission mechanisms may enhance efficicncy of
wircless transmissions, improve upon the usage of D20 radio resources and/or may improve
upon channel and/or service availability for DZD users, for example, similar o conventional
LTE networks.

13095] The term D25 data may refer to D2D related communication between D2D
terminals. For example, without loss of generality, D20 data may include data packers such as
carrying voice or segments thereof, it may include 1P packets or segments thereot, such as used
for filo download or upload, streaming or bi-divectional video, 1t may include 12D control
signaling, or it may inchude D2D discovery or service or availability messages, ete. The features
disclosed herein may be described in the general context of 3GPP D2D conmumumications; the
features may be applicable to other features such as D2D discovery, for example.

[3696] 321 priovity may be based on chanoe! access. One or more {¢.g., different)
SA and/or data pools may be used for priority-based access. Access mechanisms may be based
on radio resource sets (e.g., segregated radio resource sets).

(8097} Priority based access for D2D communications may use segregated radio
resouree sefs in fime-domain and/or in frequency-domain,

{3098 Segregated radio resource sets, in ime and/or frequency domain for use with
prioritized DZD access may be realized on radio resources that may be used for Scheduling
Assignments (SA), D21 data, control or service signaling such as D2D discovery, for one of
these D2 data signals/channels, and/or for more than one of these D2D data signals/channels.

[6699] FIG. 2 is an example diagram of priority based access through TDM n the SA
and the D20 data subframes. Priority based access for D2D conmmunications may be realized

through Time-Division-Multiplex (TDM) of the SA and/or the D2D data pools.
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13108} in the exampie of FIG. 2, there are N=2 different SA pools and their M=2
corresponding D2D data poels. The 2 different SA pools are defined over different and/or
distinct sabframe sobsets in time-domain, In FIG. 2, there are Ll=1 sobframe for SAs per SA
pool per scheduling period of P=160ms. The two D25 data pools may be defined over difforeni
and/or distinet subframe subsets. fn FIG. 2, there are L.2=18 available subframes per D20 data
peol per scheduling period.

(6181} An 5A pool {e.g., such as the first SA pool in Fig. 2) may carry SAs for
accompanying D2D data transmissions {¢.g., high priority D2ZD data transmissions} in the D20
data pool {c.g., first D25 data pool) over the duration of a scheduling period. High priority
transnissions may correspond to a responder talk group (e.g., first responder tall group) and/or a
high-priority voice channel An SA pool (e.g., such as the second SA pool in Fig. 2} may carry
SAs for corresponding lower priority D2D transmissions in a D2D data pool {e.g., second D25
data pool). A lower priority fransroission may be a background file download and/or a non-time
critical exchange of D2D service data.

163192} High-priority D2D dais transmissions may be done (¢.g., only done} on radio
resources used by the SA {e.g., first SA in Fig. 2) and/or the corresponding D2D data pool (e.g.,
first D2D data pool in Fig. 2). Lower priority D20 data transmissions may oceur {e.g., only
ocour) on the radio resources used for the SA {(e.g., second SA) and/or D2D data pool {e.g.,
second D2D date pool). An SA carvied in a sobframe of the high-priority {e.g., flzst) SA 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 {e.g., second) SA pool might not annoence
D2D data on radio resources for the high priority (e.g., first) D2D data pool.

13103} TOM in lower priocity D21 transmissions might not be able to occur on the
higher priority SA/data pools, which may imaprove priority handling for D2D transmissions.  For
network controlied radio resouree allocation of the SA and/or D2D data on the high priority
pool(s), the low priority D2D devices and channcls might not compete for the scgregated TDM
radio rescurces. For WTRL 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 priosity
213 devices and channels might not compete for the segregated TDM radio resources. Higher
priority D20 data may have a {e.g., significantly) higher chance of being transmitted
successfully during nitial determination of radio resources and/or during an ongoing

transmission due to reduced mterference from lower priority DZD data. Legacy DID terminals
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incapable of priority handling may be prevented from acecssing the new higher priority SA/data
pools through resource segregation.

[6184] FIG. 3 is an example disgram of priority based access for D25
commonications through TDM of SA in shared D2D data subframes. Priority based access for
D20 conununications may be realized through Time-Division-Multiplex (TDM; of the SA
pools, such as while using shared D2D data pool(s).

(6185} In FIG. 3, there ave N=2 different SA pools and M=1 corresponding D2D data
poel. The two different SA pools may be defined over different and/or distinet 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 1.2=38 available subframes per scheduling period.

(G186} The SA pool {e.g., first SA pool in FIG. 3) may carry SAs for accompanying
high priority D2D data transniissions. The SA pool (¢.g., second SA pool in FIG. 3) may carry
SAs for accompanying lower priority D2D transmoissions,

{6197} High-priority D2D data transmissions may be transmitted by (e.g., only by}
using radio resources from the high-priority SA pool {c.g., first SA pool). Lower priority B2D
data transmissions may {e.g., may only} be transoutied by using radio vesources used for the
lower-priority SA pool (e.g., second). SAs from etther the high-priority SA pool (e.g., first SA
pool) and/or the lower-priority SA pool (e.g., second) may correspond to D2D data transmitted
on the shared radio rescurces of the D20 data pool.

[6188] Priority handling for D213 transmissions may be improve. For example,
priority bandbng for D20 transmissions may be improve if lower priovity D2D transmissions
might not occur on the higher priority SA pools. For network controlled radio resource
allocation of the SA on the high priority pool(s), the low priority D20 devices and chanucls
might not compete for such segregated TDM radio resources. For WTRU autonomous
contention resohution on sach SA resources, the low priority B2 devices and channels might
not compete for such segregated TDM radio resources. For random radio resource sclection to
determine the SA by D20 termivals, the low priority D20 dovices and channels might not
compete for such segregated TDM radio resources. Higher priovity D2D 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 resource utilization {e.g., inherent resource
utilization} efficiency of shared D2D data pools.

[6165] FIG. 4 is an cxample diagram of priority based access for D2D

coramunications through FDM in the SA and the D20 data subframes. Priority based access for
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D25 comnumications may be realized through Frequency-Division-Multiplex (FDM) of the SA
and/or the D2D data pools.

(6114 Int the example in FIG. 4, there are N=1 SA pool in time-domain and M=1
corresponding D2D data pool in time-domain, In FIG. 4, there may be L1=2 subframes for the
SA per SA pool per scheduling period of P=160ms. In FIG. 4, there are L2=38 available
subframes in the D2D data pool per scheduling period. The radio resources in the SA pool
contain L2=2 different and distinct radio block subsets in frequency-domam. A subframe
containing SAs niay contain SAs for high priority D20 data transmission in RBs 10-30, and SAs
for fow 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 (2.8,
respectively). These may be referred to as SA and D2ZD data pools in frequency-domain,

{6111 The frequoncy-domain SA pool {e.g., first frequency-domain SA pool in FIG.
4) may carry SAs for accompanying high priovity D2D data transmissions in the
frequency=domain D2D data pool {e.g., first frequency-domain D2D data pool in FIG. 4), fur
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
transmissions in the frequency-domain D2 data pool {e.g, second frequency-domain D20 data
pool in FIG. 4),

(6112} High-priority D20 data iransmissions may {(e.g., may only) be conducted on
racio resources in frequency domain, such as frequency domain used by the SA {e.g., first 3A)
and/or the corresponding D2D data pool {e.g. first D2D data pool). Lower priority D2ZD data
transmissions may {(¢.g., may only) occur on the radio resources used for the SA {c.g., second
SA) and/or the data pool (e.g., sccond data pool) in frequency-domain, For example, an SA
carried in a sabframe of the high-priority SA frequency-domain {e.g., fivst SA frequency-
domain) might not ammovnce D2ZD data on radio resources vsed with the low priority D25 data
{c.g.. second D2D data) frequency-domain. An SA carried in the low-priority frequency-domain
SA region might not announce D20 data on radio resources o the high priority D2D data
frequency-domain (¢.g., first D2D data frequency-domain) region.

(113} Priority handling for D20 transmissions may be improved, for exanple, whon
lower priority D20 transnssions might not occur on the higher priority SA/data frequency-
domain pools. Low priority D2D devices and/or channels might not compete for the segregated
FDM radio resources. Higher prionty D2D data may have a chance (e.g., significantly higher
chance) of being transmiitted during determination of radio resources and/or during an ongoing

transovssion, such as a transmission due to reduced interforence from lower priovity D23 data,
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183114] FIG. 5 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 conmunications may be realized through Frequency-Division-Multiplex (FDM) of the SA
pools while using shared D2D data pool(s).

[8115] In FIG, 3, there is N=1 S A pool in time-domain and M=1 corresponding D2D
data pool in time-domain, In FIG. 5, there are L1=2 subframes for SAs per scheduling period of
P=160ms. In FIG. 5, there are L2=3§ available subframes in the D2D data pool per schedohng
period. The radio resources in the SA pool may include L2=2 different and/or distinet radio
block subscts in frequency-domatn. A subframe containing SAs may contain SAs for high
priority D2D data transmission i 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 D2D data may
include high-priority and/or low priority transmissions, such as where designated in one or more
{e.g., ally RBs.

(6116} 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 & scheduling peried. The frequency-domain SA pool {e.g., second
frequency-domain SA pool in FIG. 3) may carry SAs for the accompanying lower priority D2D
transmissions, for example, m the D2D data pool.

(6117} High-priority D20 data iransmissions may {e.g., may only) be transmitted by
using radio tesources from the high-priority SA pool {e.g., first SA pool) n 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, SAg
from the high-priority SA pool {c.g., first SA pool} and/or the lower-priority 5A pool{c.g.,
second SA pool} In frequency-domain may correspond to D2D data transmitted on the shared
radio respurces of the DZD data pool.

[G118] Priority handling for D2D transmissions may be improved. For example,
priority handiing for D2D transmission may be tuproved when lower priority D2D transmissions
might not gecur on the higher priovity SA radio resources in frequency-domain. For network
controllied radio resource allocation for SA on the high priority pool{s}, the low priovity B2E
devices and/or channels might not compete for such segregated FDM radio resources. For
contention resolution on such SA resources, the low priority D203 devices and/or channels might
not compete for such segregated FDM radio resourees. For random radio resource selection to
determine the SA by D2D terminals, the low priority D2D devices and/or channels might not

corapete for such segregated FDM radio resources. Higher priority D2D data may have a chance
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{c.g., significantly higher chance) of being transmitted, for example, due to avoidance of
interference and/or contention on the SA vadio 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 data pools.

3119} Priority based access for D20 communications may be realized through TDM
and/or FDM of the SA and/or the D2D data pools. The resource pools for (e.g., both) the SA and
the D2D data may be segregated m frequency and/or time.

[63126] Priority based access for D2D conmunication may be realized through THM
and/or FDM of the SA pools, for example, while using shared D21 data pools.

(6121} Examples described herein may be extended to the cases of more than two
priority classes with SA or data pools in cither time- and/or frequency-domain. For example,
N=M=4 priority catcgorics corrcsponding to four different and/or distinct subframe subscts for
SAs and data may be used. Radio resource segregation using TDM or FDM may be extended to
the case of more than Li=1 subframes allowed for SA per pool per scheduling period. Different
lengths of scheduling perieds may be used.  SA transmissions may correspend to D2ZD data
transmitted o a Jater scheduling period and/or in multiple scheduling perieds. For exampie,
independently or in conjumction with scheduling periods, principles of semi-persistent, time-
hmited 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
D20 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 example, DZD discovery messages may be separated in TDM from DZD control

signaling.
(#3122} Transmission opportunities may be determined, for example, by the following.
[6123] D20 transmission opportunitics for D2D priority based access using full or

partially segregated TDM/FDM radio resources may be advertised by a controlling device. The
contreiling device mav be a D2D ferminal and/or an LTE radio network device, such as a base
station.

(6324} A controlling dovice may signal & sct of radio resources {¢.g., first sot of radic
resourees) 10 be used for high priority D2D data 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 ditferent types of D20 data
and/or control or service messages. Radio resource sets may include different parameter sets for

differcnt types of signaling, The controlling dovice may signal difforent sets of resources and/or,
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for one or more, or cach, sct of resources, Ut may signal the associated priority levels {(e.g., or
access classes) that may be allowed to use the corresponding resources.

{6125} The controiling device may {e.g., explicitly) signal those radio resource sets
by using a shared control channel, such as a BCH or PD2DSCH broadeast channel. For example,
systern information on BCH may contain 2 combination of either one or both of subframe
number or subframe sets, or frequency resources in combination or association with access
priority level{s), Such D2D access and/or priority levels may be given (e.g., explicitly}. Such
D20 access and/or priority levels may be derived {c.g., implicitly), for example, on the order in
which they may be compmnicated. Such D2D access and/or priority levels may be given as part
of an index hist,

16126} D2D transmission opportunitics for D2D priority based access using full or
partially segregated TDM/FDM radio resources may be derived by D2D terminals, for example,
from observing and/or decoding known transmission formats and/or reference signals,

(6127 A controlling device may set up corresponding radio resource sets i support
of D20 priority based access for use in its vicinity, For example, the controlling device may
transiott & D2 signal (e.g., first D21 sigoal) using a transmission format (¢.g., st transmission
format) in a time/frequency resource (e.g., first time/frequency resource) for high priority access.
The controlling device may transmit 3 D2D signal {e.g., second D2D signal) using a transmission
format (e.g., second transmission format) in a time/frequency resource {e.g., second
time/frequency resource) for lower priority access. The D2 signal (e.g., first D2D signal} may
be an SA using a payload field and/or code pomt to indicate ligh priovity. The D2D signal {e.g.,
second D2D signal) may be distinguished from another DZD signal (¢.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 mtending to transmit and/or recetve D20 data may determine
access and/or priority levels for thme- and/or freguency resources (e.g., implicitly) by observing
such transmissions from another D2D 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 smd/or the used time-/frequency resources. The D2ZD
terminal may cstablish s list and/or databasc that may be represcutative of transmission
opportunities for bigh or low priority D21 data obtained from the occurrences of observed
signals.

[6128] D20 transmission opportunities m ime or frequency domain for D20 priority

based access using full or partially segregated TDM/FDM radio resources may be derived by
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D25 terminals from timing relationship(s), for cxample, with respect to known and/or
observable reference signal(s).

[6125] For example, such a reference signal may be the cecurrence(s) of a timing
and/or frequency acquisition signal, such as DZDSS, DL Sync Signals, or PDZDSCH. A
receiving D20 terminal may determines occurrence(s} of such a reference signal. A receiving
D20 terminal may compute expected occurrences in time-domain of transmission opportunitics
tor high or low priority D2D data. Timing relationships may be implemented and/or given
through a formula, for example, using an index or counter representative of time as one
parameter, such as SFN. Timing relationships may be given by a bitmap and/or tabulated sot of
vahies. For example, high priority D2D transmission opportunities may be given in every Sth and
9th subframe, beginning from measured occurrences of a D2DSS from a transmitter, while low
priotity transmission opportunitics may be given in every 12th subframc, while being offsct by 3
subframes from a first D2DSS occurrence.

(6136} 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
reprosentations,

(6131} Access mechanisms may be based on the use of radio resource transmission
parameters.

(6132} Priority based access for D2D communications may be realized through the
use of different radio resource ransmission patterns (RRPTs) for D2D data in time- and/or

frequency-domain, for example, where RRPTs for use with high or low priority D2D data may

be characterized by different aliocation densities in time/frequency domain over a given time
period.
10133} Prioritized D2D access using diffevent radio resource transmission patterns

may be realized on radio resonrces used for scheduling assignments (SA), data, control or service
signaling such as D2D discovery, for any one of theD2D data signals/channels, or for one or
more {(e.g., some) of these D21 data signals/channels o conjunetion.

[134] FIG. 6 1 an example diagram of priority based access through different
resource allocation donsitics for BZD subframe pools, such as TOM. In FIG. 4, different
mumbers of subframes per scheduling period may be allocated and/or configured with time-
domain segregated resources for SA and D2 data for high- and low prionity D2D data (e.g.,
respectively).

(6135} In FIG. 6, 2 radio vesource transmission {e.g., first radio vesource

transmission) pattern (RRTP) may be configured for high priority D2D data allowing for 31 D2D
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data subframes per scheduling period of 160 ms, while a {e.g., sccond) BRTP for low priority

D210 data allowing for 15 subframes per scheduling period may be used.

[6136] The high-priority SA pool {e.g., first SA pool in FIG. 6} and/or corresponding
D20 data pool may allocate a different amount of radio resources per fime period, for example
one scheduling perted, than the low-priority SA pool {e.g., second SA pool in FIG, 6) and/or
corresponding D2D data pool {e.g., almost twice as nuch).

(6137} Priority handling for D2D transmissions may be improved, for example, in
that for the same resource usage cfficiency per D2ZD transmission, lower priority D2D
fransmissions may take longer to complete than high priority D2D data transmissions. High
priority D2D data transmissions may make use of more resource allocation space in time and/or
frequency (e.g., a “bigger pipe”™), which may trprove their time to complete transmissions
and/or improve upon their obscrvable signal to noise and/or interforence ratios (SINR), such as
when compared to the {(e.g., second) low priority SA and D2 data pools,

(3138} As shown i FIG. 6, ime-muhtiplexed SA and D2D data resources may be
extended to TDM and may be applicd to SA radio resources while (c.g., only while) using shared
D213 data peol(s), The exanple 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 aliowing for
radio resource densitics in time to be adjusted for different transiission characteristics that may
be expected for the high priority SA (e.g., first high prionity SA in FIG. 6) and 13217 data pools
when compared to those used for the low priority D2D {¢.g., second low priority D2D i FIG. 6)
transmission opportunitics. For example, if high priority D2D data mainly consists of voice
broadcast channels occupying 3 PRB’s per subframe for which 5 total transmissions per 20 ms
period may be used 1o sustain an operating SIMR of 0-1dB for BLER at target levels 2-4%, while
tow priority D2D data consists of D2D discovery using 2 PRBs and no repetitions to attain
detection reliability against an operating SINR of 5 dB, then the SA and data pool (e.g., first 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 account for the
same or similar amowunt of offered traffic, adjusted by an over-provisioning factor for higher
priority traffic, as desired.

[144] FIG. 7 is 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 D2D data, such as while transmitting high- and low priority D2D data {(c.g.,
respectively).

(6141} Aradio resouree transmission pattern (RRTF) (e.g., first RRTP in FIG. 73 may
be used by the D2D terminal for high priority D2D data, while the D2D terminal may usc a
different RRTP (e.z., second different RRTP in FIG. 7) for low priority DZD data,

{31424 In FIG. 7, a shared D2D data pool may be configured. A D2D transmitier
intending to send high-priority D2D data, such as voice, may send an SA indicating a, RRTP
(c.g., first RRTP) that may result in the use of 28 subframes over the Scheduling Period of 160
mas. For the transmission of lower priority D2D data, such as D2D signaling, the D2D
transntter may use a distinet or difforent RRTP (e.g., second RRTP in FIG. 7) that may result in
the use of 19 subframes (e.g., only 19 subframes) over that same Scheduling Period,

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

6344} Priority handling for D20 transmissions may be improved, for example, in
that for the same resource usage efficiency per D20 transmission, lower priority D2D
transmissions 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 DB2D data,
Shared 132D data pools may be used any may improve upon resource utilization and efficiency.

(3145} In F1G. 7, time-multiplexed SA and D21 Data resources may be extendad to
frequency-domain allocations for the RRPTs applicd to the SA or the DZD data pool(s).

183146} Time- and froquency domain allocations may be combined through the radio
resouree transmission patterns, for example, to achieve different allocation densities over a given
time period. This may be extended to acconnt fur different transmission characteristics of D20
data, for example, as described herein.

(6147 Examples described berein (e.g., with respect to FIG, 6 and FIG. 7) may be
extended to the cases of more than two priority classes with SA or data pools in cither time- or
frequency-domain. For example, N=M=4 priority catogorics corresponding to 4 different and
distinct radio resource transmission patterns may be used. Ditferent lengths of scheduling
periods may be used. SA transmuissions may correspond to D20 data transnuitted in later and/or
muitiple scheduling pertods. Independently or in conjunction with scheduling pertods, principles
of semi-persistent, time-limited or dynamically granted D2D data transmissions may be used

with above described principles of different vadio resource transmission densitics per tine
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period. While the examples used SA and D2D data for ilustration 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 aceess.

[6148] D2D transmission opportunitics for DZD priority based access using different
radio rescurce transoussion patterns (RRPTs) for D2 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 controfling device may be an LTE radio network device,
such as a base station.

(61491 A controlling 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 tirne period for use with
high priority D2D data transmissions. A controlling device may signal a set of radio resources
{e.g., second set of radio resources) with a different radio resource {e.g., second different radio
resource) allocation density over a time pertod for use with lower priority D2D data
transmissions.

[HARLH The controlling device may (e.g., explicitly) signal those radio resource sets,
for example, 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 scis, or frequency resources in combination, or association with access priority level(s),
Such DZD access and priovity levels may be given (e.g., explicitly), may be derived (e.g.,
tplicitly} on the order in which they are communicated, may be given as part of an index list, or
may be derived by the order in which they are communicated.

183151} 3213 transmission opportunities for D2D priority based access may be
determined by a transmitting D2D terminal, for exarple, in the form of distinct radio resource
transmission patterns (RRPTY) for D2ZD data, such as where the RRPTs for use with high or low
priority D20 data may be characterized by different allocation densities in time/frequency
domain over a given time period.

[B153] A D20 transmitter device intending to transmit D20 data may (e.g., first)
determine whether #ts DZD data corresponds to the category of high priority dats o1 to fow
priority data. The D2D transmitter may determine the corresponding SA and/or data radio
resources for use with its D2D data transmission, for example, as an outcome of the
determination of pricrity. The D2D transmitter device may select an RRPT {e.g., first RRPT) to
be used for high priority D2D data, or an RRPT (e.g., second RRPT) to be used for low priority

data, such as where the RRPTs are characterized by differcnt allocation densitics in
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time/frequency domain over a given time period. The D2D transmitter may transmit SA and/or
D213 data on the determined radio resources. Transmission of SA and D2D data may ternvinate,
for example, when there is no more data to transmit, A re-evaluation and/or determination of
appropriate radic resources may be conducied, for example, when there may be a change to radio
vescurces allowed for the high or low priority S4s, or when a new scheduling period begins,

[3153] A D20 receiver device intending to decode D2D data may determine SA
and/or data radio resources. The D2D recciver may determine whether high priority or low
priority D20 transmissions may be received on the corresponding radio resources. The D2ZD
receiver may determine a radio resource transmission pattern (RRTP) that may be representative
of the access priority of D2D data, such as may be mdicated or decoded or derived from the D2D
signal transimission. As a function of the RRTP, the D2D receiver may attempt to decode and/or
demodulate at least the subset of radio resources, for example, as a function of the determined
parameters.

[B1584] Different radio resource transmission patterns (RRPTs) for D2D data using
prioritized sccess may be determined by a transmiiting D2D terminal, for example, from timing
relationship{s). RRPTs for use with high or low priority 2D data may be characterized by
different allocation densities in time/frequency domain, for example, over a given time period.

[6155] For example, when using a reference signal fo determine timing parameter(s),
these may be the cecurrence(s) of a timing and/or frequency acquisition signak such as D2DSS,
DE Syoe Signals, or PD2DSCH. A transmittting D21 terminal may determines an RRPT {e.g.,
first RRPT), such as a baseline patiern with respect to the occurrence(s) of the timing reference.
The transmitting D2D terminal may determiine an adjusted RRPT (e.g., second adjusted RRPT)
for use for its D2D transmission, for example, by using the determined RRPT as an foput (..,
first input) and a parameter whether D2D data is high ov low priority as an input {e.g., second
inpot). Timing relationships may be tmplemented or given through a formula using an index or
counter represcatative of timge as one or more parameters, such as SFN. Timing relationships
may be given by a bitmap or tabulated set of values. For example, high priority D2D
transmission opportunities may be determined from a bascline RRPT pattern resulting in
transmission in every fourth subframe, boginning from measurad occurrences of a DZDSS from g
fransmitter, while low priority transmission opporfuunitics may be determined (e.g., only) for
every 12th subframe, while being offset by three subframes from a first D2DSS occurrence.

16156} 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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183157} Access mechanisias moay use guaranteed scgrogated resources for high priovity
devices.
[6158] The priority access may be performed by goarantecing snd/or potentially

reserving a sot of resources that may be used by higher priority data ransmissions. The resources
may correspond to a set of time/frequency resources for SA and/or data pools {e.g., including a
set of patterns). Higher prionity WTRUSs may have guaranteed access to these resources, Lower
priovity WTRUs may use the high priority reserved data resources, for example, it those
resourees are not being used by high priority data.

163159 The SA resource pools may be segregated in time and/or frequency for
different priority access WTRUs and/or data transmissions. For example, the first N SA
subframes in a scheduling period may correspeond to subframes that may be used by {e.g., only
by} devices transmittting high priority data and/or devices that may be high priority devices.

81661 A WTRL may monttor the resources (e.g., SA resource/subframes)
configured for transmission of data with higher priority then the available data in the WTRU.L
The WTRU may monitor the subframcs reserved for higher priority data transmissions.

3161} if the WTRU determines that at least X {¢.z., where X may be a configurable
number) higher priority scheduling occorrences may be detected on the higher priority SA
resourees {e.g., in the current or past scheduling period(s), e.g., over a predefined window), the
WTRU may transmit the lower priority data on {c.g., only on} the resource pool(s)
reserved/configured for the low priosity data.  If the WTRU deternunes 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 (¢.g., one) of the RRPTs selected from the
fist of RRPT to be used for low priority data or configured for the priotity level of the available
data for transmission. This may ensure that, it there 15 at least one high priority data
transmission, the lower priority WTRUs might not attempt to use the resources for higher
priority data, If fess than X scheduling cccurrences are deiected, the WTRU may sclect
vescurces from the data resource pool configured for higher priority data and for lower priority
data. If fess than X scheduling occurrences are detected, the WTRU may select from the Hst of
RRPTs reserved for higher priority data and for lower priority data.

16162} The WTRU may {c.g., first) decode the SAs transmitied on the high priority
SA resources and determine the set of resources or set of RRPTs used by the high priority data.
The WTRU may exciude the set of resources or set of RRPTs used by the high priority data from

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

{6163} 4 SA sobframes per Scheduling pertod of 830 ms may be configured for D2ZB
transmissions. The set {e.g., complete sot) of SA subframes 1-4 may be used for transmission
and/or 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 D20 data (e g, only the subset of SA subframes 3-4
may be used by WTRUs for low priority DZD data). A WTRU may {(e.g., first) determine
whether the D2D data it has to transmit is bigh or low prierity B2D data. if the WTRU
determines that its D2D data is low priority, the WTRU may determine whether high priority
D20 transmissions by other WTRUs are anmounced for the Scheduling period from decoding
SAs in the 4 available SA subframes. If it finds such high priority SAs, it may extract decoding
information and/or determine transmission parameters corresponding to these high priority SAs.
The WTRU may determine a set of D2D SA and corresponding D2D data subframes currently in
use by other high priovity WTRUs, The WTRU may select SA and/or D2D data resonrees not in
use by a determined high-priority WTRU (e.g., all determined high-priority WTRUs) and
fransmitt its own SA, I no avatlable SA and/or D2 data resource can be found, Us transnussions
may be deferred. If, e g, as described herein, the WTRLU deternunes that s D2D data 15 high
priority, it may sclect an available SA and corresponding D20y data resource for its own
transmission {e.g., any available SA and corresponding D2E data resource for its own
transimission).

(3164} 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 priority WTRU may behave using one or
more of the following:

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

- Reduce transmit power in the current schedaling period;

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

the future; and/or
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- Btart a retransmission thmer, which, in some techuiquces, perhaps after expiry,
the WTRU may retry one or more of the aforementioned, tor example, among
other scenarios.

[8165] In some embodiments, for example concerning the SA rescurces, perhaps to

avold collision of SA resources and/or perhaps 1o allow SA resources to be more readily
accessible by the high priority users, among other scenarios, the SA subframes usable for high
priority may cccor (partially or completely) first in time {¢.g., as compared to the low priority
SAs). The SA resources associated to high priority WTRUSs and/or those associated to low
priovity WTRUs may be configured in the WTRUs via signaling {c.g., by being assigned o
different SA pools), and/or could be statically configured i one or more, or all, WTRUs.

16166} For cxample, the set of SA resources (0 <= N PUCCH < N2) configured as
subframe resources and/or resource blocks for a specific transmit pool could be separated nto
two sets where 0 <=N_PUCCH < N1 may be reserved for the high priority user and N1 <=
N PUCCH < N2 may be reserved for the low priority user {e.g., resources in carlier sabframes
may have smaller or the same N PUCCH index). Perhaps when the high priorvity WTRU
transioits using the specific pool, the WTRU wiay randomiy select and/or utibize the SA
resources reserved for the high priority users (and perhaps in some techniques only such
TESOUICES ).

(6167} A WTRY with high priority (c.g., a first priority} may select 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 resources reserved for the high priority transmissions. The low priority WTRUs may make
such determination by decoding the SAs associated to high priority WTRUs.

{3168} For example, the first N1 time frequency blocks which can be chosenby a
high priority WTRU may occur (e.g., may always occor) prior in time 1o 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 § < 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 refer to 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 SA pool for
fow priority WTRU transmissions may be available in subframes nombered from 0 to K2=5.
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 cxample, the parameters N1, N2, K1, and/or K2 may refer to a time-frequency
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index such as identificd as numbered and/or indexed RB/subframe time-frequency resources, A
first SA pool for high priority WTRU transmissions may be available in subframes numbered
from O to K1=2 and in 50 RBs per sebframe, one o1 more, or each, yielding 150 indexed
RB/subframe time-frequency resources. A sccond SA pool for low priority WTRU
transoussions may be available in subframes numbered from 0 1o K2=5 using 20 RBs per
subframe, one or more, or each, vielding 120 indexed RB/subframe time-froquency resources.
Perhaps for example when a low priority WTRU might not detect a high priovity WTRU
transmission in the 150 indexed high priority RB/subframe time-frequency resources, among
other scenarios, it may utilize an SA resource in the 120 indexed low priority RB/subframe time-
frequency resourees.

[6169] A WTRU with low priority transmissions may use (¢.g. at least a part of) the
SA resources for a scheduling period which are reserved for high priority WTRUs, perhaps for
example after the WTRLU with low priovity fransmissions may determine that these resources
might not be used, among other scenartos. For instance, if an SA (inntial transmission and/or
retransnissions) inclades at leasi 2 distinct ime/frequency blocks which are associated together,
the WTRU with low priority fransinissions, perhaps for example after determining that the first
PUCCH transmission may be unused, can use the remaining PUCCH transmission which may
belong to the high priority WTRU transmission. The WTRU may transmit with one or more of!
fewer repetitions, modified transmit power, and/or yeduced MUS. The low priority WTRU,
perhaps for example when having determined that there are no fransmissions by the higher
pricrity WTRU, among other scenarios, may uiilize the SA resources not reserved for low
priority WTRUs, Determination of which selection to make may be a random decision, perhaps
for example based on some signaled criteria, and/or may be based on channel mcasurements.

{6378 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 simualtancoosly.
For instance, a low priority WTRYU may listen for high priority transmissions in onc or more, or
multiple, pools pechaps before selecting the pooel on which to transmit. Different pools may have
different reservation rules for the SA resgurces between high and/or low priority WTRU
transmissions (c.2.. a pool imay have one or more distinet SA resources for high and/or low
priority while pool 2 might not),

(6171} Using features described heretn, high prionity D21 transmissions may have

preferential access {e.g., first access) to configured and/or available D2D transimission resources.

2

Low priority D2D transmissions may be selected as a function of these and are may be

transovtted if D20 transmission resources are siill available. Given that WTRUs may be
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decoding incoming SA in SA carrying subframes 1o determine whether they may reccive
corresponding D2D data as part of monitored talk groups, using available mformation obtained
from decoding SAs to determine which D2D transmission resources are sccupied may come at
little added decoding complexity,

(8173 In some embodiments, specific resources may be reserved for high priority
transmissions and/or the high priority WTRUs may transmit an occupaney 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 ocoupancy flag may be transmitted as part of the SA {e.g., at the
beginning of the SA}, and/or conld be transmitted in an SA in advance of the target scheduling
period, perhaps for example to indicate the cccupancy of one or more SA resources in one ot
mode future scheduling periods. The occupancy flag may be transinitted in a separate channel
{e.g. D2DSS and/or PD2DSCH) that may be read by one or more, or all D2D WTRUs. A flag
may be associated with a {e.g., a single) SA resource, with a pool and/or resowurces, and/or with
one or more, or afl, resources avaiiable for transmission of D2D.

16373} For ¢xample, 4 SA sobframes per scheduling period of 80ms may be
contigored for D2D transmissions. A (e.g., a single) occupancy flag associated to subframes 1
and 2 ¢an be set whenever a high priority WTRL may utilize cither of these subframes. & low-
priority WTRU may wish to transmit SA and/or {e.g., subsequently) data. The WTRU may
check for the presence of the occupancy flag, perhaps for oxample, to determing whether there
are any higher priovity WTRUs planming to transmit SA for that scheduling period. When the
occupancy flag is set, among other scenarios, the lower priority WTRUs may be utilize {e.g.,
may only wtilize) subframes 3 and 4. When the occupancy flag is not set, among other scenarios,
the lower priovity WTRU can sclect any SA resource(s) for transmissions.

(63174} For example, a high priority WTRU which may have selocted resource(s) ona
scheduling period x (e.g., and/or indicated this using the occupancy flag), may also indicate that
it may rc-use the same SA resource(s) and/or data (e.g., RRPTs) on the following SA period. In
such scenarios, among others, a low priotity WTRU might not use the high priority resources for
the next two scheduling perteds, for example.

[B175] A WTRU may be configured {¢.g., by the ¢NB and/or ProSc 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 examiple, a8 WTRU may be configured to be used by a “special user”
{(police chief, fire chief, etc.). A WTRU, perhaps for example under certain circumstances and/or

triggers (¢.g. an emergency situation), may (e.g., may be allowed) to transmit the occupancy flag.
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This trigger may allow the WTRL to do so for a period of time, pechaps for exanple a finite
period of time.

[6176] In some embodiments, the WTRU may measure and/or determine the signal
strength and/or signal occupancy of the set of resources for SA and/or set of RRPTs that may be
reserved for the high priocity data, The WTRU may travsmit (e.g., may only 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 include a
rcasurernent made on a past scheduling period and/or averaged over several scheduling periods
in the past. The measurement mway include a measurement and/or RSST and/or similar occupancy
or interference measurement. The thresholds may be statically defined, and/or they may be
configured in the WTRL via RRC signaling and/or via PHY -layer signaling in a D2D
Syachronization Channel (FD2DSCH).

{6177} For example, 4 SA sobframes per scheduling period of 80ms may be
configured for D20 transmissions. The complete set of SA subframes 1-4 may be used for
transroission and/or reception by WTRUs for high priovity D213 data. The subset of SA
subframes 3-4 (e.g., only such a subset) may be used for WTRUs for fow priority D2D data. A
WTRY may determine whether the D2D data i may wish to transmit i hugh or low priovity D2D
data. f the D2ZD data 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 coccupancy measure
of cither of these subframes is below a threshold, the WTRU having low priority data to transimit
raay sclect that subframe for transmission. If the occupancy measure is above a threshold,
among other scenarios, the WTRU with low priovity data to transmit may use subframes 3 and/or
4 for transmission. A WTRU that may determine that it has high priority D21 data to transmit,
among other scenarios, may transmit using SA subframe 1 and/or 2, or may transmit on any of
the 4 SA subframes.

[B178] In some embodiments, there may be different priority levels, correspondingly
differcnt SA subframes, and/or different thresholds. A WTRU with the lowest priority lovel
{c.g., out of 4 levels) may check the cccupancy measure for one or more, or cach, of the 4
subframes. If the occupancy level of any of the 4 subframes is below the corresponding
threshold for that subframe, among other scenarios, the WTRU may transmit on any of the
subframes where the occupancy fevel was below a threshold. If none of the SA subframes meets

this critoria (¢.g., at any time), among other scenarios, the WTRU with low priority data to
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transmit may defer its transmission to the next SA period and/or may repeat the described
technigques.

(6179} Int one or more techniques, one or more, or 4 set, of SA and/or data resources
may be reserved. High priority WTRUs, perhaps when utilizing such resources, among othor
scenarios, may transmit with bigher power than the fow priority WTRUs, WTRUs with high
priorvity transnussions may use {¢.g., may be restricted to use) these reserved resources. WTRUSs
with high prionty transmissions may use one or more, or all, resources, perhaps while respecting
the transmission power values associated with the high priority WTRUs, WTRUs with {ow
priovity transmissions may use one or more, or all, resources {e.g., reserved and/or non-reserved),
perhaps while respecting the transmission power values assoetated 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 high priovity WTRUs may be used in combivation with
other techniques described hereim.

(6186} In one or more of the techniques deseribed herein, the guaranteed segregated
resources for the high priority WTRUs may be signaled by the network (c.g., via RRC, NAS,
and/ or MAC sigoaling), and/or could be statically determined and/or defined. They vay be
defined/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 nmay
determine that the segregated resources may be present on a given schedaling peried, perhaps for
example based on measurements made of the current and/or previous schedoling period, and/or
current and/or past determination(s) of the presence of high priority WTRUs. For example, low
priority WTRUs 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,

(@181} Features described hercin may use a specific and/or limited configuration
using SA subframes; the operational principle may be extended to D213 subframes other than
SA, such as including D2D subframes and/or frequency regions allowed for DZD 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 priositics, efe. The feanwres deseribed
herein {e.g., tiered D2D transmission resources to allow for higher priority WTRUs {0 use
time/frequency resources first, and lower priority WTRUs to choose their own D2D transmission

resourees in ime/frequency after determining {(e.g., only after doternining) which ones are

505
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announced in use by higher priority WTRUs) may be applied to other D2D signals and/or
chanmels other than SA.

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

[G183] 02D data transmissions carrying control signaling may be received and/or
transoiitted by a WTRU iu a set of designated time/frequency resources.

[B1584] D20 control signaling may refor to apphication layer conrol messages
exchanged between D20 WTRUs for the purpose of floor control, session control, connection
establishment and/or similar purposes, e.g., to administer group calls. D2ZD control signaling
may correspond to radio messages used for the purpose of managing D2 connections and
reception and/or transmissions in WTRUs. Control signaling at application layer may be a self-
contained D2D PDU, or #t may be multiplexed with D25 data such as carrying VolP packets or
segments thercof,

[BIRS] A set of designated time/frequency resources for fransmission and/or
reception of D2D comtrol messages may be obtained from one or more of the foliowing
parameters: timing values such as framce or subframe counters; cell-wide or D2D systom frame
values; timing offset value(s) applied to a reference subframe or frame; offset appliad to
oceurrence(s} of a selected cell-wide or D2D signal or channel; frequency indices, RBs, or group
of frequency regions; cell-wide or B2D system or WTRU identifier; group communication
identifier; or channel or group index value(s).

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

[6187] The WTRU may transmit or receive a DEZD control message ina set of
selected and/or reserved subframes that may comprise a subset of possibie D2D data subtrames.
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, D20
conmumunication group.

16188} A set of time/frequency transmission patterns may be used for transuussion
and/or reception of D21 control messages. The set of transmission patterns may be pre-
determined and/or fixed, or it may be derived by a DZD WTRU, e.g., as a function of B2D
transmission parameters. When 64 possible transmission patterns are obtained following DZD

ay

data subframe allocations, the first 7 of those (e.g., only the first 7 of those) miay be used for the
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purpose of transmiiting D20 control signaling associated with a D2D conmvmunication group.
Using features described herein, useful and/or time-critical D20 control signaling may make use
of reserved D2D 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 transmitted
in the D20 transmission resources.

(3189} A D20 ransmitter device may tansmit D2D data. For exanmples described
hergin, 2 D2D transnittor dovice intending to transmit D20 data may determing (e.g., first
determine) the highest priority data available for transmission and the assoctated priority level of
D213 data. The WTRU may determine the priority lovel of the WTRU {c.g., a high priority
WTRL). The D2D transmitter may determine the corresponding SA and/or data radio resouoices
for use with its DZD data transmission, for example, as an outcome of the determination of
priotity. The D2D transmittor may transmit SA and/or D2D data on the determined radio
resources. The WTRU may determine the D2D data resources it may use, for example, as a
fanction of resources used by higher priority users in the system, Transmission of SA and D2D
data may terminate, for example, when there is no more data to transmit. A re-evaluation and/or
deternyination of appropriate radio resources roay be done, for example, when there may be a
change to radio resources allowed for the high or low prionity SAs, or when a new scheduling
period may begin or when a time-limited grant may expire.

(6194 A D2D receiver device may receive D2D data. A D2D receiver device
mtending to decode D20 data may deternuine SA and/or data radio resources. A D2 receiver
device may determine whether high priority or low priovity D2D transmissions may be received
on the corresponding radio resources. The D2D receiver device may attempt to decode one or
maore, or all, and/or (e.g., only) a selected subsct of radio resources determined as a function of
parameters, such as D20 services that may be received. For example, if there is an ongoing high
priority D21 data transmission o be reccived by the device, it may choose o not receive on
radio resources corrcsponding io the lowoer priority SA/data pool, for example, if there are
receiver processing constraints. For exanple, 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 recoption and/or procossing of radio resources correspondding o
the high priority SA/data pools. The D2D receiver device may uses the determined radio
resourees o demodulate and/or process the D2D data transmissions.

16191} Priority based access may utilize contention resolution of radio resources.
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183152} Priority based access for D2D communications may be realized through the
use of persistence parameter(s), for example, while determining time/frequency resources for
D20 transmission.

[6193] Persistence paramoter(s) for use with prioritized D2D access may be
associated with radio resources for scheduling assignments (SA), D2D data, condrol or service

signaling such as D20 discovery, for example, for one or more of D2D data signals/channels or
for onc or more ¢or some D2D data signals/channcls. The use of persistence parameter(s) may be
combined with different resource sclection approaches, such as random resource selection,
chamncl busy measurcments, or resource aliocation by means of D2D grants.

(6194} FIG. B8 is an example diagram of priority based access for D2D data using
persistence parameters (¢.g., SA). 1n FIG. 8, persistence parameters may be used by a D2D
transoitter device with D2D data to transmit to deternune if radio resources may be used by the
transmitter device, and if they may be used, determine the SA resources that may be used for
priority based D2ZD data at the beginning of a scheduling period.

[6185] The D20 transmitter intending fo transmit DZD daia may determine a sci of
available SA resources. The D2D 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 channcl measaroments. For SA resources deemed available, the D2ZD
transmitter may draw a random number from 0...1 for one or more {e.2., 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 valee, sach as for high priority data {e.g., PH=0.2}.
If yes, it may choose to transmit any high priority D2D data on resources corresponding to the
SA in that access opporfunity. If the D2 transmitter has low priority D2D data to transmit, it
may {¢.g., only) consider a given SA access opportunity valid, for example, if the random
mumnber drawn 1 higher than 4 threshold value (e.g., PH=0.8}. If as an outcome, the D2D
transmitter determines one or maorg valid access opportunity, it may transmit on such a sclected
SA& access epportunity. The D21 transmitter may repeat the above for 4 next upcoming SA
resource pool.

#1956} The D2D wransmittor may (e.g., on average) determine a number {¢.g., around
60%) of SA access opportunitics as valid, for example, for (e.g., exclusive) transmission of any
high-priority data.  The D2D transmitter may determine a nomber (e.g., 20%) as valid for any
tow and/or high priority data. The D2D transmitter may deem a momber (e 2., 20%) of SA

access opportunities as barred.
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183157} The use of persistence paramciers may statistically resubt in high priority D2D

data being allowed to be transmitted by a D2D termimnal (e.g., significantly) more often than low
priority D2ZD data. Priority based access for D2D commumications 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.

[3198] FIG. 8 may be extended to more than two priority classes with 3A or data
pools. For example, persistence parameters associated with N=4 priority catcgories may be used.

Access opportunities for D20 data transmission may be construed from a set of time/frequency
resources determined and/or signaled and/or limited to within different subframes and/or
frequency regions. The list of available resources may be obtained from preceding
measurements and/or channe] observations. The examples described hercin may be extended to
persistence paramciers associated with subframes and/or counters and/or indices representative
of time rather than D20 access opportumities in frequency-domain, Time and/or frequency
resources might not be contiguous.

163199] The principles described herein may cqually apply independently or in
conjunction with one or mukiiple scheduling periods, for semit-persistent, for time-limited ot for
dynamically granted D2D data transmissions. While examples described herein may be used in
the context of SA access opportunities, the use of persistence parameters associated with B2D
access opportunities may equally be applied te D2D data subframes and/or for using differont
D2D chamnels or signaling messages. For example, priority based access for D2D discovery
messages, as opposed to D2D control signaling, may be determined as deseribed herem.

16288} 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 D2 transmission.

(0281} A D2ZD transmitter device may determine whether a D2D transmission
opportunity may be allowed, for example, as a combination of a channel measurement in
conjunction with persistency parameters, The chanuel measurement roay be substitwied by a
{e.g., random) selection of candidate D21 transmission opportonities.

(6282} Persistence parameter(s) for use with prioritized DZD access may be
advertised by a controlling device. The condroliing device niay be a D2D terminal. The
controlling device may be an LTE radio network device, such as a base station.

(6283} A controlling device may signal 3 set of persistence parameters (e.g., first set
of persistence parameters) associated with radio resources to be used for high priority D2D data

transmissions. A confrolling device may signal a set of porsistence parameters {¢.g., second set

- 41 -



CA 02957406 2017-02-06

WO 2016/022849 PCT/US2015/044088

of persistence parameters) radio resources to be used for lower priority D2 data transmissions.
Persistence parameters may distinguish between different types of D21 data and/or control or
service messages, and may nchide different parameter sets for different types of signaling.

[6284] The coniralling device may {c.g., explicitly) signal those radio resource seis
by using a shared condrol channel, such as a BCH or PD2DSCH broadeast channel. Syster
information on BCH may contain a combination of one or both of subframe number or subframe
sets, and/or frequency resources 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 ordor in which they are compumicated. Persistence parameters may be
given as part of an index list

[6285] Persistence parameter(s) for use with prioritized D2D access may be adjusted
by a D2D torminal, for example, as a function of one or more of the following: obscrved 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 latency requirements ), and/or signaling gvenis,

16206] A transmitting D2D terminal may determine (¢.g., determine in a first
instance) that no D2D access opportumity may be allowed, for example, as an outcome of the
persistency check. The transmitting D20 terminal may defer an attempt for its D2D transmission
toa(eg ond} later time instant. The D20 wransmitter may decrease the threshold value for
fow pi‘iority access 1o a lower valae (e.g., to PL=0.7). This may be the case if, for example, a
certain condition 15 met (e.g. based on signal conditions, timing or counter value, signabing
events, efc.). If dering the {¢.g., second} later time instance it still fails to transmit its low
priority data, it may decrcase the threshold to a lower value, for example, t0 0.6, Hina (e.g.,
third} later time instance i succeeds In transmitting low priovity D2D data, the D21 terminal
may reset the threshold to the initial value, for example, PL=0.8, for any (e.g., subsequent) nitial
attempt to transmit low-priority data,

(8287} Persistonce parameters may be adjusted by a D2D fransmoiiter, for exanple, as a
function of one or more {e.g., one) of the following events or observations, successful or failed
access attompts, available absolute or relative D2D traffic volume in quoue(s). timer or counter
valucs at expiry {e.g. for delay-sensitive traffic or to meet latoncy requirements) or as a function
of preceding D20 data transmission or reception events, received signal strength of signals or
chanmels received from other D20 terminals or LTE infrastructure nodes, etc. Adjostment of
persistence parameters by a D2ZD terminal may occur separately for different types of D2ZD data

transmission, such as a set of porsistence pararacters {¢.g., fust set of persistence parameters)
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subject to continuous monitoring and/or updates for D2D control signaling, a sct for DZD high
priority data (e.g., second st for D2D high priority data), a set of persistence parameters {e.g.,
third set of persistence parameters) being adjusted as a fumction of signal conditions, events or
timer/counter conditions for D2D Discovery, ote,

(8288} The persistoncs parameters applicable to a type of ransmission for a 2D
terminal may be adapted as a function of property{ics) of received D20 signals, e g, tramsmitied
by other terminals. Such signals may or might not be intended for the D2D terminal adapting the
persistence parameters. The properties may inclade one or more of the following: a propricty
related to the number of D2D transmissions received over a peried of time, possibly from a
spocific channel (e.g., PSCUH or PSSCH); or a prionity level assoeiated to at least one received
D2D transmission.

[628%] A WTRU may decrease a persistence parameter applicable w a type of
transmission, e.g., if if receives at least one D2 transmission {or its associated SAY. 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 o be higher than, or cqual to or higher
than, the priority associated to the type of transmission; the received D2D transmission may have
to be received no more than a certain duration after the last received D20 transmission, possibly
of the same or higher priority; 2 group destination ID, source or destination ID associated to the
received D21 transmission may have to mateh certain value(s); the resource from which the
D2D transmission was received (e.g., resowrce pool) may have to match one of a set of resources,
such as a resource pool associated fo the type of transmission to which the persistence parameter
is applicable.

10218] A priority level of a reccived D2D transmission may be obtained from one or
more of the following: a field included in sidelink control information {e.z., ina PSCCH), such
as an explicit ndication of priority, or a Group destination 1D that may be assoctated to a priority
level; a field in a MAC header of a transport block decoded from PSSCH, such as an oxplicit
indication of pricrity, or a seurce or destination identity associated to a priority level; a resource
from which the D20 transmission was received (e.g., resource pool snd/or T-RPT).

1211} For onc or more, or cach, received D2D transmission the persistence paramoter
may be decreased by a fivst step size. The persistence parameter may be increased by a second
step size {e.g., which may typically be smaller than the first step sive) 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

aumber or density of received D20 ransmission (or equivalently SAS) over a past evaluation
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poriod, or equivalently based on the estimated toad on the D21 resources {e.g.. based on
ectimated average SINR, or other).

[6212] The WTRU may recetve the value of the persistence parameter from a field in
PSCCH or PSSCH of the reccived D2D transmission and may apply this value if it s lower than
the current value and/or until a timer started upon reception of this fransmission 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 value) even if one
of the above conditions is satisfied.

16214} Supporting paramcters may be configured by higher fayers, pre-defined, or pre-
configured. Such supporting parameters may for instance mclude one or more of step sizes,
intervals, duration of evaluation period, persistency values (e.g., possibly for one or more, ot
cach, value of a reccived ficld if applicable), corresponding intervals of the number of reccived
transpission 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 pocl among a set of candidate resources {e.g., which may be in addiiion to
persistence parameters). For example, the WTRU may select a vesource pool that maxinizes or
minimizes a certain metie, where the metric may be a function of the received D2D
transmissions on the resource peol, The metric may be evahuated similarly as described for the
persistence vahie herein {e.g., decrease when the number of received D2ZD transmissions in a
period of time is higher).

[B216] Persistence parameters applicable to a type of transmission for a D2D terminal
may be adjusted as a fonction of properties of received D2D signal(s) transmitted by one or more
other torminals. Such signals may or might not be intended for the D2D teroinal adapting the
persistence parameters. A Property of a received D2D signal may include one or more oft a
property related to the mumber of D2D transmissions received over a period of time, for example
possibly from a specific channel {e.g., PECCH or PSSCH); or a priority level associated with at
least one recetved D2D transmission.

217} One or more persistence parameters may be adjusted based on a received D2D
transmyission. For oxample, a WTRU may decreasc a persistence parameter applicable to a type
of transmission if i recetves at least one D20 transmission. The received D20 transmission may
satisfy at least one of the following conditions: the priority level of the received D2ZD
transnission iz 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 transmission {e.g., of the same or higher priority); a group destination 1D or
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source or destination 1D associated with the received D2D transmission maitches a cortain
vahie(s); the resource from which the D20 transmission was received (¢.g., resource pool)
matches one of a set of resources, such as a resource pool associated with the type of
transmission o which the persistence 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 ID 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
indication 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).

16219} One or more persistence parameters may be adjusted based on a received D2D
transoussion. One or more of the following examples may apply.

32281 When a D2D transmission is received, the persistence parameter may be
decreased by a first step size {¢.g., this may oceur one or more, or each, time a DID transmission
is received). The persistence parameter may be increased by a second step size (¢.g., which may
typically be smaller than the first stop size) at regular jntervals, such that is value may gradually
be restored to a higher level in the absence of received D2D transmission(s).

(6221} The WTRU may periodically determine a value of the persistence parameter
based on the number of received 2D transmission(s) over a past evaluation period.

(6223} The WTRU may receive the value of the persistence parameter from a field in
PSCCH or PSSCH of a recetved D2D transmission and may apply this value 1 it 1s lower than
the current persistence parameter value, The value may be maintained until a timer started gpon
reception of the transnuission expires.

(6223} The pexsistence parameter may be constrained to be within a defined range.
For example, the persistence parameter cannot decrease below a certain value {or inerease above
a certain value) even if one of the above conditions is satisfied.

[8224§ Supporting pararaeiers may be configured by higher lavers, pre-defined, or
pre-configured. Supporting parameters may for instance include at least one of a step size,
mterval, duration of evaluation period, persistency value (¢.g., for one or more, or cach, valuc of
areceeived field if applicable), corresponding interval of the number of received transadssion
within an evaloation period, or mimmom and maxinmwim values.

(6225} Properties of recetved DZD signals as deacribed herein may determine the
selection of a resource pool among a set of candidate resources {e.g., this may be in addition to

the persisicnce parametors). For example, a WTRU may select a resource pool that maximizes
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{or minimizes) a certain metric, where the metric may be a function of received D2D
fransmission(s} on the resource pool. The metric may be adjusted as for the persistence value as
deseribed herein {e.g. decrease when the mumber of recetved D2D transmissions in a period of
time 18 higher).

(822464 Priority based access may include peorsistent radio resources.

2274 Priority based access for D2 commumications may be realized through
persistent radio resource allocation to high priority D2D channels or signals or users.

(6228 Persistent radio resource allocation may mean the use of radio resource
fransmission opportunitics that may be kept by the D21 terminal for the duration of a high
priority D2D transmission and/or for a pre-determined and/or for a pre-configured duration, such
as in excess of a single scheduling period. A persistent radio resource aliocation 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 D20 transmission opportumity, such as when
it determines aceess to D2D radio resourees through a channel seloction mechanism to start its
high priority D20 chanoel and/or signal transmission.  Channel sclection mechanism may, for
example, mean randoim 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 interfered RBs in a subframe. Channel selection may mean resource allocation
through another device, such as an eNB.

(6228} A D20 terminal intending to fransmit a high priovity D2 voice group
channel may determine allowed DZD subframes, for example, from pre-stored mformation in the
device. The pre-stored information may include a set of subframes (e.g., first set of subframes)
allowed for transmission of SA and/or a subframe (e.g., sccond subframe) sct allowed for use
with D21 data over a given transmission period. The D21 terminal may perform channel
selection through measurements on SA subframes to determine a soitable, least interfered,
transmission opportunity for its SA. The deviee may select one or more (¢.g., two) PRBs in an
SA subframe for fransmoission of s own SA. Channel selection through measurements o
determine least interfered resources may imply deferral of transmission 1o a later time Instant,
such as when the DZD torminal might not identify a suitable (e.g., not nterfored) transmission
opportunity. The D2D terminal may transmit D2D data associated with this SA overthe
corresponding scheduling period, for example, once the D20 terminal starts transmitting the SA.
The location of corresponding D2D data in sabframes and RBs incloded within the subframes
part of the scheduling pericd may be indicated through a radio resource transmission pattern

(RRTP). The RRTP may be included in the SA, for example, as part of its payload, or it may be
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given through the time/frequency location of the SA, or a combination thereof. The D2D
terminal may be allowed to keep the vadio resources 1t acquired {e.g., 85 opposed to relinguish
these resources) to re-perform channel selection on SA and/or the corresponding D2ZD data
resources, for example, once the scheduling period is over. The D2D terminal may avoid the
channel selection and/or any ongotng high-priotity D2 transmission might not be interrupted.
Priority based access may be improved {e.g., statistically) such that high-priority D2D chamels
might not contend for access to resources. High-priovity D2D channels may contend for
resourees at the beginning of a transmission.  Long (e.g., sufficiently long) high-priority D2D
transmissions, such as in the order of more than several scheduling periods, way utilize
guarantead aceess to D2D radio rescurces, for example, once acquired. High-priority D2D data
transmissions may nprove, for example, in that they might not suffer from interruption during
an ongoing transmission dug to channel selection,

(62381 A DD terminal that selected a D2D transmission opportunity in a time period
(e.g., first time period) may keep the acquired radio resources in a time period (e.g., second time
poriod), for example, if it may have high priority D2D data to transout,

162311 For example, a D20 terininal may have selected to transmit the SA in RBs 3-4
of subframe 1 fn SEN 1. Transmitting associated D21 data in sclected subframes from SFN 1-
16 may keep using that same or similar SA fransmission opportonity, such as in RB’s 3-4 of SFN
17 for the next scheduling period.

(6233} The examples described herein may be extended o it the purposes of
particular D20 data characteristics. For example, the RRPT of a transmission period {e.g., first
transmission period) may determine the RRPT of a subsequent transmission period. The
porsistent use of D20 transnuission opporfunitics may be indicated by the D20 torminal, for
example, as part of 1ts D2D data and/or control signaling. Such an indication may be realized
through part of a payload, such as given by an SA information field, or through the choice of
sequence encoding parameters or initialization values or scttings, or through of a particular
signaling format in one or more or all of the transmission periods.

[6233] A D20 terminal that may have selected a D2D transmission opportunity at
time instant T1 may koop sclected 02D radio resources for g pre-determined amount of time
before re-selecting a DD transmission opportunity,

[#234) For example, a D2D terminal having selected to transmit the SA in RBs 3-4 of
subframe | i SEN 1 may keep the radio resources for duration 3.2 sec.

[0235] D20 gservice access classes may be described herein,
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18236} 321 ternuinals may store as part of their D20 related configuration the D2D
service aceess class information related to D2D data types they may support.

[6237] D213 aceess class information may correspond to any type of parameter used
to support priority based access for B2D data transmissions, A B2D access class for a given
torminal may correspond to those D20 and/or public-safety services it may support.

{8238 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 nught not support
audio applications. The DZD terminal may (e.g., may only) support an exemplary D25 service
access class three and use {c.g., only usce) any advertised low-priority D21 access opportunitics.

[6239] A D20 terminal may support public safety voice groups and/or file upload or
download. The D2D terminal may support an exemplary D2D service access class two and/or
three and/or may use high priovity and/or low priority D20 data access opportunitics.

[B246] A DD terminal ymay 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 D2ZD terminal mayv support
a {c.g., cxemplary) D2D scrvice access class one for highest, emergency-type, voice calls, and/or
class two for high priority 13213 data access opportunities.

16241} 3213 service access classes may be associated with storved configuration
information that may establish different types of allowed D2D services in D2 ternunals.

(6242} D20 service access classes stored in a D2D terminal may be used in
corjunction with channel access parameters obtained from signahing to determine alfowed D20
time/ frequency radio resouvrces by that D2D terminal. For example, a D2D terminal supporting
high priority and low priority D2D data transmissions according to its stored D2D service access
class 2 and 3 may read D2D related configuration information from a DL broadeast channel, it
may coufigure is fransmitter as a function of decoded signaling parameters (e.g., as described
herein) for these classes, and it may discard and/or disregard any information obtained according
to advertised D20 service class 1 of highest priority which it might not support.

(62434 D20 service access classes in a D2D tominal may be associated with a set of
stored chammel access parameters for D2D prioritized access.

6244} For exaraple, a sot of allowed DZD subframes (¢.g., first sct 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 D20 service

class (e.g., first D2D service class), such as public safety voice. A set of persistence parameters
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{c.g., second sct of persistence parameters) associated with a D23 service class (e.g., second
D21 service class), such as file upload or download, may be stored in a4 D2D terminal

[6245] D2 transmission and/or reception may be disclosed.  D2D transmission
and/or reception may include priority handling.

[8246] A WTRU may transmit an indication that access 1o at least one resource is
desired for transmission of certain voice or data traffic. Such indication may be referred to as
destred access indication as deseribed herein.  Such indication maay be provided via the use of a
pre-gmption 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 (2.2, an application layer). This may
indicate to the end-user that another user desires aceess to a resovrce.

(62474 Oue or more triggers for transmission of a desired access indication may be
provided. A WTRU may inttiate transnussion of the desived access indication based on one or
more of the following.

[6248] An application may request 2 triggering transmission of the desired access
indication. Such request may originate from an end-user, .g., through a user miterface, For
example, one or more of the following may apply. An end-user may press a specific key or
bution 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 situation.

ggered if the WTRU determines that one

b

Transmigsion of the desived access mdication may be t1
or more available resources (e.z., all available resources) are utilized for transraission from other
WTRUs. The indication may be triggered if {¢.g., only if) the detected transmissions from other
WTRUs are at a lower priority level.

[6249] Transmission of the desived access indication may be wriggered if (e.g., only
it) the WTRU determings that no other WTRU may have transmitted a desired access indication
that may still be valid. 1fa priovity lovel is indicated as part of the desived access indication,
such condition may apply if (e.g., only if) the indication that may be transmitted by ancther
WTRY indicates priority {¢.g., higher or cqual priority) than the indication to be triggered.
Passible conditions to determine if a received indication is valid may be described herein,

(82581 A desired access indication may include one or more of the following. The
WTRU may mchade 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 valuc identifying traffic that may be

concerned by one or more Tndications (“Traffic identity™). For the transmiitted Indication {c.g.,
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first transmitted ndication) related to a given traffic, such value may be sclected (e.g., randomly
selected) from the subset of possible values that might not be used by other Indications. For
Indications {e.g., subscguent Indications), the value may be set to the same or similar vahie as in
other Indications {¢.g., provicus Tndications) related to the same or similar concerncd traffic,
Oue or more {¢.g., at least ene) property of the traffic concerned by the Indication, such as: a
priotity level; a duration; an expected duration; an amount of data; a data rate; a transmission
power level; an application; a service.  One or more {¢.g., at least one) identifier of a resource
for which the Indication may apply. The WTRU may set the one or more (¢.g., at least one}
identifier to identify resource(s) concorned by the indication. A period of time (¢.g., or delay)
before the concerned traffic may start to be transmitted, and/or before the Indication may be
retransiaitted. This valoe may correspond to the duration of 8 Wait timer.  An indication whether,
for example at cxpiry of the delay, the concerned tratfic may start 1o be fransmitted or the
Indication may be retransmitted.

(6251} Transmission of desired access indication may be described herein. The
desired access indication may be cocoded and/or transmitted over a physical channel used for
control purposes, such as the PD2DSCH. The indication may be transraiited using the same or
similar type of transport or physical channel as normal raffic, for example, possibly using a
speeific resouree or one or more of a set of rescrved 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 Scheduling Assignment. The indication may be
transmitied in multiple instances for added robusiness.

16252} 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
WTRLU may start a timer {e.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 moniior ong or more
{e.z., at least one) valid resource to detect whether it is available and/or if one or mors (e.g., at
least one) other WTRUs may be transmitting on the resource. A valid resouree may correspond
to one or more {¢.g., onc} of a sot of resources configured to be availabic for ransmission of
fraffic that may be concerned by a desired access indication. The WTRU may (e.g., nay only)
consider a resource valid if it may be associated with a priority level equal to or lower than the
priority level of the concerned traffic.

[62583] The WTRU may stop the Wait timer, for example, upon detecting that one or

wwore {.g., at least one) resource may be available for transmission of the concerned traffic. The
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WTRL may initiate fransmission of the concerned traffic on the one or mwore {e.g., at least one)
TESOUree.

(6254} Upon expiry of the Wait timer, the WTRU may perform one or more (e.g., at
least one) of the following actions. The WTRU may re-initiate fransmission of the Indication
and/or restart the Wait Timer. The WTRU may inifiate transmission of the concerned traffic on a
valid resource, if the WTRLU detected or hid not detect transmissions from other WTRUs on tlug
resource. Upon inttiation of transmission of the concerned traffic, the WTRU may start a timer
(referred to hercin as the “Keep-alive” timer).

13255} Upon selection of a resource for transmitting the concermned traffic, the WTRU
may imtiate transmission of a Selected Resource Indication, for example, for the purpose of
indicating to other WTRUs which resource(s} has been selected. This may allow other WTRUs
0 YesUIRe transuussions on resources not used by the WTRU. The Sclected Resource Indication
may contain one or more {e.g., at least one) resource identifier (e.g., index) and/or a duration or
minimom duration for the use of the resource(s). The Sclected Resource Indication may be
identical or simifar to a Desired Resource Indication, for example, with signaled value(s} for the
resource identifier that may be differeunt from a fransoitted {e.g., previously transmitted) Desired
Resource indication.

[6256] The WTRU may mitiate transmssion of a subsequent Desired Access
[ndication and/or of 2 Selected Rescurce Indication, for example, upon expiry of the Keep-alive
timer, if it determines that there may still be traffic concerned by a Desired Access Indication
that may be transmitied. The Keep-alive timer may correspond to the same or similar value as
the Wait timer ¢r be identical or similar to the Walt timer.

13257} The Release Indication may be transmitted. Release indication transmission
may be disclosed herein, The WTRU may trigger transnussion of a Release Indication and/or
stop a Keep-alive timer, for example, when there may be no more traffic concerned by 4
transmitted {¢.g., proviously transmiticd) Desired Access Indication that may be iransmitted.
Such determination may be performed using mechanisuis stmilar to mechanisms described
herein that may be used for triggering the Desired Access Indication based on higher layvers. A
maximum duration for transmitiing tratfic concerned by a Desired Access Indication may be
configured 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
transntted over the same physical channel as the Desired Access Indication.

[6258] Actions may be taken upon reception of Desired Access Indication and/or

T rr7~

Selected Resource Indication. A WTRU may monitor one or more {€.g., at least ong) physical
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chamnel on which other WTRUs may transmit Desired Access Tndications, Sclected Resource
Indications and/or Release Indications.

[625%] Upon reception of a Desired Access Indication, a WTRU may perform one or
morc {¢.g., at least onc) of the following actions. The WTRU may take the Indication into
account (e.g., only) for traffic that may have priorify lower than or egual to the priority level
signaled by the received Indication. This may be referred to herein as “de-prioritized traffic”.
The WTRU may stop a runming Wait timer and/or Keep-alive timer associated to a received
(e.g., previously received) Indication, for example, including the same or similar Traffic ideniity
parameter. The WTRU may start or may restart a Wait timer with a duration whose value may be
included in the received Indication.

16268} Upon reception of a Selected Resource Indication, a WTRU may stop a
running Wait timor and/or Keep-alive timer associated to a received indication {e.g., previously
received indication}, for exarnple, including the same or similar Traffic identity parameter, and
may start or may restart a Keep-alive timer with 2 duration whose value may be inchuded in the
received Indication. The Indication may be sent to higher laycrs, such as an application layver or a
uset interface, for example, to notify the end user that another user may be atiempting 0 access
resources. Such notification may be visual {e.g. ight indicator), audible, or tactile (e.g.
vibration}.

(6261} The WTRU may determine whether U is transmitting {¢.g., curcently

Indication. The set of resources concerned by the Indication may correspond to the one or more
{e.g., at least one} value included in the Indication, if present. The sei of resources may
correspond to resources associated with priority levels that may be equal to, or lower than, the
priority level mcluded in the Indication. The WTRYU may stop (e.g., immediately stop)
transmission of de-prioritized traffic on such resource. The WTRU my stop transmission, for
example, at the boginning of the next scheduling period, and/or at expiry of the Wait timer.
Interruption of traffic transmission on a resource may take place if {e.g., only if) another rescurce
may be available or i the Indication might not be sent to an application layer or user interface.
(8262} While 3 Wait timer or Keep-alive timer associated to a recgived (c.g.,
previously received) Indication may be running or upon reception of a Selected Resource
Indication, a WTRU may sclect 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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18263] Actions may be taken upon reception of Release Indication and/or upon
expiry of Keep-alive timer. Upon reception of a Release Indication, the WTRL may stop any
timer (¢.g., Wait thmer or Keep-alive timer) associated to 8 received {e.g., previously received)
Indication, for example, including the same or similar Traffic identity paramcter. 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
WTRY may determine that no tratfic may be de-prioritized, for example, with respect to the
Traffic identity that may be incloded in the assoctated Release Indication (e.g., upon reception of
which the timer may have been started).

[6264] Pre-emption may utilize D2D prioritized channel access,

[6265] Pre-cmption Indication may be explicit. Explicit pre-emption indications and
physical processing of a pro-omption indication may be described herein, In a distributed
schoduling D2D system, there may be no controlling entity o ensure that high-priority messages
get access to the resources on time. Pre-emption may be a mechanism that may bewsed by a
device to intereupt (€.g., temporarily interrupt) an on-going communication from ancther dovice,
for exaraple, so that the resource may be freed for #s own use.

[6266] Pre-emption may be motivated, for example, where the resource may be
constrained, such as when a WTRU may transmit a ligh-priority message and/or one or more, o1
cach, resource may be vtilized (2.g., currently utilized). Pre-emption may be used when
resources for a group of users (e.g., or other classification} may be occupied and/or a lngher
priority signal for that group may be transmitted {e.g., there are other radio resources available
and they may be reserved for other user groups).

18267} A D2D WTRL may be configured to transmit a pre-emption jndication. The
mndication 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 amouont (e.g., hmited amount) of
information may be inferred.

[8268] Message-based indication may be described herein, The D2D WTRU may be
configured to transmit a message-based pre-emption indication. The pre-emption message may
carry one or more of the following information, in any ordor or combination: a resource index, an
identity, a priority {evel, an amount of time to backoff an imterruption cause, and/or T-RPT, The
pre~empting WTRU may indicate a specifie resource index, for example that may be chosen
from a list of resources used (e.g., currently being used). The transmission associated to that
resource may be interrupted, regardless of the identity of the user transmitting (e.g., corrently

transmitting} over the resource. The identity may be used to indicate a target WTRU identity
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and/or group identity to pre-empt {(e.g., which user/target group may stop transmission). The
priority lovel may be associated to the pre-emption message and/or of the data wransmission, The
WTRU may indicate the priority level associated to its transmission, for example so that WTRUs
with lower priority may stop transmission. The amount of time a pre-cmapted WTRU may
trderrupt its transmission. Afier the backoff time has expired, the pre-empted WTRU may bo
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, ctc. The T-RPT may be the pattern index to pre-empt. The WTRU may indicate
{c.g., explicitly) the resources it may want to infcrrupt.

[6269] 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 identiticr in the SA
to indicate that the SA raay be associated 1o a pre-cmpiton message. The WTRU may send the
pre-emption message via SA as a control signal, for example.

(6276} The pre-emption message may be carried in the SA directly, thereby replacing
the existing ficlds of the SA. The WTRU may use a rescrve SA pool to transmit pre-cmption
message using SA formai, The D2D WTRUs transmitting data may be configured to mouttor the
pre~emption resource pool to determine whether or not their transmission may be pre-empred.
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-emption message part may be carried in the data
associated to the SA. For example, the pre-emption message may be carried via a MAC control
clement (CE).

19271} The WTRU may be configured to transmit the pre-emption message over a
PUCCH resource.

16272} This PUCCH rescurce may be associated to a D2D transmission. The
association may be done, for exanple, based on the characteristics of the SA associated 1o the
transmission that the WTRU may want to interropt. For example, the WTRU may be configured
to fransmit the pre-crption mdication at a known imstant of time, for cxample, after the SA was
fransmitted, and/or at a specific PUCCH location in frequency, for example, based onthe SA
resource that may be used.

(6273} The WTRU may use a signal format o transmit the pre-emption message. The
WTRU may be configured to transmit the pre-emption message in a time/frequency resource that

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

{6275} The set of designated fime/frequency resourees for transmission and/ or
reception of the pre-cmpiion message may be obtained from one or more of the following:
tindng values such as frame ov subframe counters; cell-wide or D2D systerm frame values; timing
offset value(s) applied to a reference subframe or frame; offset applied to occurrenceis) of a
selected cell-wide or D2D signal or chanmel; frequency mdices, RBs, or group of freqoency
regions; cell-wide or D2D system or WTRU identifier; group communication identificr; or
chamncl or group index value(s).

(8276} Some or all parameters may be pre-configured in the WIRU, or they may be
obtained through configuration signaling during system operation, or they may be derived by the
WTRU by mecans of a lookup table or formula or equivalent.

182771 The WTRU may transnut or receive a pre-emption message in a set of
selected and/or reserved sobframes that may comprise a subset of possible SA subframes. For
example, when 8A is contigured for a scheduling period of 80 ms, then every 4th occurrence of
the SA subframes for a particular Scheduling Period may inclade pre-emption messages. In this
case of shared resources where both SA and pre-emprion messages may be present, the WTRU
may distinguish through decoding whether a particolar time/ frequency resource inchides an SA
or a pre-cmption message.

(6278} The WTRU may be contigured with a set of D2D subframes not used for 5A
or D2 data which # may use to transmit and/or receive a pre-emption message. For example
when SA is configured for a scheduling period of 40 ms, @ pre-emption message may be
transmitted or received in a designated D21 subframe reserved for that purposc 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 ased for pre-emption messages, the WTRU may
detect a single transmission format (e.g., only noed to detect a single transmission format).

(82794 The WTRU may transmit and/or receive a pre-eraption message in a subset of
D20 data subframes. While SA announces D20 data for a scheduling period, a set of D2 data
subframes may nckude control signaling carryving a pro-cmption message, The WTRU may
determine presence and/or absence of a pre-cnmiption message on a set of D2D subframes by
means of decoding the selected signaling format,

6288 The WTRU may transmit or recetve a pre-omption message in ong of more
limited frequency regions, which may be sclected from a set of possible D2ZD subframes inuse

for control or data. The WTRU may decode for presence of a pre-empiion message or transmit a
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pro-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 BBs may be known to the WTRU and/or derived from RB
indices.

[6281}] Signal-based indication may be described herein,

(8282 The WTRU may be configured to send a sigual, for example, as a means for
pre-eniption ndication. This signal may consist of 1 signal taken from a pre-defined st of
sequences, for example, based on Zadoff-Chu scquences.

[6283] While the pre-cmption signal itself might not carry any information {c.g.,
explicit information). Indications (c.g., implicit indications) may be inferred by the receiving
WTRY from reception of the signal.

[6284] A receiving WTRU may determine information from the pre-emption signal,
for example, based on the index of the signal, the time/frequency transmission and/or others. The
pre-emption signal may be transmitted on a set of PREs that may be associated using 2 known
set of rules to an ongoing transmission to pre-empt. The WTRU may be configored to transmit
the pre-cmption signal on a set of PRBs associated to the SA associated to the transmission that
it may want to pre-emapt.

16285} The WTRU may be configured to select the pre-emption signal (c.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 level of ransmission; WTRU Identifier {e.g., RNTL IMSY, or
other); group communication identifier; transmission patiern index, that may be the transmission
pattern assoeiated to the transmission the WTRU desires to pre-ompt

16286} The WTRU may basc the sclection of the pre-cmption signal on one or more
of the olements described herein

18287} ‘When 1o transmit a pre-emption indication may be determined. The WTRU
may be configured 1o determine conditions when 1o transmit a pre-emption indication. The
WTRU may be configured to determing to transmit a pre-craption indication, for example, based
on one or more of the following triggers (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 assoeiated to a logical channel/bearer/QoS/QCH for which pre-emption may be
allowed and/or configured. The WTRL may receive commands to start/stop pre-emption from
the higher layers (for example, RRC}. The data packet o 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 measurements or monitoring of the SAs, that there may be no

radio resvurces available for transmission of is data. The WTRY may have determined that there
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is one or more (¢.g., st least ong) resource that may be {¢.g., currently) uscd and/or that may be
pre-empted. The WTRU may be configured to determine the priority level of one or more, or
gach, data transmission, for example, based on the SA it may receive. The WTRU may be
configured to determine for one or more, or each, received SA and/or for one or more, or gach,
transodssion received whether or not it may be pre-erapted. This may be carried out, for
example, based on one or more of the absolute priorities, the identity of the transmission sources,
the target identity for transmission, e¢tc. For example, the priority of the data to fransmt 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 onc or more {e.g., at least one) other WTRU 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 data may be being transmitted to.

[B288] A WTRE may take actions upon reception of a pre-emption indication. A
D2D WTRU transnutting data may be configured to monttor for potential pre-emption
indications. The WTRU may be configured to receive the pre-emption indication in a reserved
known time/frequeney location and/or may be configured to recetve the pre-craption in an SA,

16289 The WTRU may determine whether or not to act on the received pre-emption
signal.

[6254] When a WTRU may determine that 1t has recetved a pre-emption indication,
the WTRU may be configured to determine 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-emption indication (e.g.
explicit pre-cmption priority level, priority fevel associated to the transmitter of the pre-cnption
ndication, prionity 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 interrupt, 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 {e.g. transmitter identifier, group identificr, specific resource identificr,
priority level, ofc.}, or {c.g., traplicitly) based on the timeo/frequency/signal characteristics of the
pre-emption signal.

18291} Pre-emption application may be described herein.

(6292} The WTRU may act on the pre-emption indication received by the WTRU and
may be configured to release the resource that may be pre-emapted. The WTRU may be

configared to perform the following, for example, upon detection of a pre-cmption indication for
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which it roay determine that i may act upon and/or may wish o act upon. The WTRU may stop
data transmission. The WTRU may release the resource.  The WTRU may be configured to
stop transmission of the 3A, The WTRU may be configured 1o transmit an indication of a
resource release. For example, the WTRU may be configured to transmit 3 special indication in
an SA 1o indicate termination, indicating {e.g., optionally indicating) the cause of the
transmission termination {e.g., pre-emption). The WTRU may be configured to start a backoft
timer {e.g., of a pre-defined vahie), The WTRU might not be allowed to resume data
transmission and/or attempt transmission of data, for example, until the timer expires. Once the
pre-emption may be comploted and/or a pre-cmption timer has expired, the WTRU may be
configured to re-initialize transmission as if it was a new (e.g. fresh or updated) transmission
{e.g., re-cvaluating the transmission parameters).

16293 The WTRU may be configured to “keep” the resource for the duration of the
pre-omiption interroption. The WTRU may be configured 1o fransmoit an ndication to keep the

resource. For example, the WTRU muay be configured to transmit an indication inan SA to

3

indicate resource reservation (¢.g. “channel hold™), indicating (¢.g., optionally indicating) the

cause of the resource reservation (2.2, 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 attempt transmission of data until the timer expires. Gnce the pre-cmption
procedure is completed and/or a pre-emption timer has expired, the WTRU may be configured to
resume transmission using the same resource that was pre-empted. The WTRY may be
configured (o.g., optionally be configured) to resume (€.2., only resume) transmission using the
same o1 similar resource, for example, if it resumes trangmission within the same or similar
scheduling period. The WTRU may be configured fo indicate to the higher lavers reception of a
pre-emption indication that it 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 chammel may be busy and/or
the WTRU may be holding transndssion.  The WTRU may be configured to indicate to the
higher layers when U moay fail to transmit data due o pre-empiion. This may be relevant for
delay-sensitive applications for which the data may be discarded after some time has elapsed.
The WTRU may indicatc to higher layers when the duration of the mtorruption duc to pre-

emption may be longer than a specific pre-detined duration.

[#294) 3213 terminals may be utilized to implement priontized channel access.
16295} Transmit and/or receive half-doplex may be utilized priority based access.

D2D terminals may process multiple B2D channels/signals to be transmitted and/or to be

received based on priority of the D2D channel and/or signals.
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18256} A receiving D2D terminal may have swltiple concurrent D20 channels and/or
signals to recetve and/or o franemit, Based on the priority for these D2D chammels or signals, it
may adjust it reception and/or transmission schedule to allow for prioritized reception {e.g., or
transmission) of a high priority D2D chaancl/signal.

[8297} FIG. 9 is an example diagrar of pricritized reception of a high-priority
channel by D20 terminal with FDD half-duplex operation. InFI1G. 9, a2 D20 terminal (e.g.,
concorrently) may have a high priovity D2D voice channel {e.g., first high priority D2D voice
chamnel) to receive, such as for a voice group call, while it may have a lower priority D2D data
chamicl (e.g., second lower priority D2D data channel), such as for file upload to transmit.

(6298} In F1G. 9, a talk 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 internal request to transmit a low priority D2D data channel (¢.g., second low priority
D2D data chanmel) may be recoived, for exampie, begiuning from time instant T1. The request
may be issued by the user or by an appHeation that may process data packets for D2D and may
emit such a request. The D20 torminal may have a Tx/Rx front-ond operating under half-duplex
constraiis for D2D channels and/or signals on the cellular UL frequency, for exanple inany
subframe it may transmit a D2D channel and/or signal, or it may recetve a D20 channel and/or
signal. The D2D terminal may be able to receive multiple D2D chamnels and/or signals {e.g.,
simoltancously) in the same or similar subframes.

(6299} Upen arrival of the transmission request for the low priority D2D data channel
{e.g., second low priority D2D data channel) at time tnstant T1, the D2D terminal may adjust its
transmission schedule to allow for full reception of one or more or all subframes corresponding
1o the high priovity D2D chamnel The D2D terminal may choose to ot use certain subframes
originally scheduled for transmission of the low priority D21 channel and use the indicated
subframes for reception of the high priority DZD data channel, for example, if a collision ceaurs.
At time instant T2, when the tallke spurt of the incoming high priority D2D voice channel ends,
and the D2D data channel (e.g., only the low priotity D2D data channel) may be transmitted, the
D20 terminal may adjust its transmission pattern to allow for full transmission of the low
priority D20 data channel {¢.g., second low priority DZ2E data chaunel), While prioritizing
reception of the high priority D20 channel during time peviod T1-T2, the D2D terminal may
choose to indicate a radio resource transmission patiern (RRPT) that may be chosen as a function
of the D2 subframes that may be determined available for transmission, for example, after

taking those for reception into account, The DZ2D terminal may choose to indicate an RRPT that
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raay include D2D subframes for its own transmission and/or where it may reccive bigh-priority
D20 data. The D2D termunal might not transnut in these.

(6384 A DZD terminal may process (e.g., automatically process) one or mwore, or
owitiple, D20 channcls and/or signals to be transmitted and/or to be received based on priority
handling associated with such muiltiple D213 channel and/or signals. No user intervention, such
as manwval channel switching or deferral of transmission, may be utilized. Signal reception for
high-priority D2D channels may be received by dedicating reception capabilities (e.g., full
reception capabilities) to D2D subframes carrying that high prierity B2D channel and/or signal.

16361} In some techniques described herein, the SA resources for high priority
transnuissions 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 cxample, by assigning them to different SA
resource pools. The WTRU with low priority transmissions may decode the high priority 8A
resources to determine whether higher priority data may be recelved {e.g., first). Perhaps for
cxample, bascd on this determination, among other scenarios, the WTRU may decide o not
transiott on the configured low-priotity SA resources, or the WTRLU may transmit on the
configured low-priornity SA resources. The WTRU may indicate an RRPT which may allow it to
receive the high priority transmission while transmitting (¢.g., perhaps for example despite the
half-duplex arrangement in some embodiments).

(6382} The examples described herein may be extended o more than two priority
classes. Different lengths of scheduding periods may be used.  SA transmissions may correspond
to DZD data transmitted in 2 later and/or in multiple scheduling periods. Independently or in
conjunction with scheduling periods, principles of semi-persistent, time-limited or dynamically
granted D20 data transmissions may be used. Time and/or frequency resources might not be
contigaous. While the examples used scheduling assignments and/or high and low prionity
recetved D20 voice and daia channels for illustration purposcs, the principle of allocating
transodssion and reception subframes corresponding to a fow or to high priority D2D channels or
signals may equally be applied to different D2D chamnel and/or signal messages types. For
cxample, DZD discovery messages may be skipped for transmission and/or deforred o later for
processing, while a high priority D2D control or data signaling may be received. The principle of
Rx prieritization may be applied to the opposite case where D2D subframes may be priositized
for transmission, soch as a kigh priority D2D channel signal may be transmitted by the D2D

terminal, while a low priority D2D channel and/or signal may be received.
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16303} Received (e.g., concurrently recetved) D2D data may be voice, control,
service and/or data packets, such as for IP packets corresponding to a file download, Tx/Rx
processing and/or priovitization of multipie chanuels and/or signals to be received or o be
transmitted may equally be applied to channels and/or signals received or transmiticd on the
cellular conwunications and the D20 radio links.

[8384] A DD 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 {c.g.,
second D20 channel and/or signal) may be transmitted or received. Upon determination that a
3213 channel and/or signal {c.g., seccond D20 chanacl and/or signal) may be prosent, the D2D
terminals may determine which of the D2D channels or siguals that may be transmitted or
received has higher priority. The determination may be based on priorities associated with DZD
channels or signals or communication types. The WTRU may determinge the priority of the
received channel and/or signal based on a priority of the pool or channel, 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 features described hercin,

14365} A D20 erminal may determine a fransmaission and/or reception schedule to
allow for a suitable number of D2D subframes to be used for transmission or reception of the
high priovity D2D channel and/or signal. A D2D terminal may determine suitable D2D
subframes based on a variety of criteria, such as ong or more oft a minimum and/or identified set
of SA resources in order to be able to receive or transmit SAs, a required nomber and/or set of
D2ZD subframes corresponding to possible D2D Data reception or transmission, a number of set
of subframes not available for the purpose of D2D transmission and/or reception due to ongoing
collular communication, and/or a rumber and/or st of D20 subframes corresponding to
fransmission and/or reception from/te one or more WTRUs and/or D2D commumuication
group(s).

[6386] The D2D torminal may determing to skip transmission or recoption
opportunities originally planned for the low priority D20 chanoel and/or signal. The D2D
terminal may select avatlable fransmission/reception opportunities for tramsmission and/or
reception of the lower priority D20 channel and/or signal by determining which
fransmission/reception opportunities 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 3210
chanme} 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 D2D channel or

D210 signal s taking place.
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18397} The D2D terminal may, in conjunction with cxamples described herein, issuc
notifications and/or signaling messages exchanged from ov fo or in-between a device component
and another to annognce or inform about actions that may be undertaken as part of its receiver
processing. It may issuc such notifications or signaling mossages to other devices, The D2D
torminal raay be configured to perform the examples described herein, for example, as a function
of selected reception conditions, receiver configurations, timers or counters or index values.

(63887 A D2D terminal may process multiple D2D channels and/or signals to be
transmitted or received, for example, based on pricrity 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 chaonel and/or signal) as a function of those useful
for a D20 channel and/or signal (e.g., sccond D2D channel and/or signal).

163894 Reception fo process mulbtiple D2D data channels by a device may be
described herein.

{6316} D2D terminals may process multiple received (e.g., concurrently received)
D2D channels or signals based on priority of the received D2D channel and/or signals.

18311 A receiving D2D terminal may receive multiple incoming {e.g., concurrent
incoming) D20 channels or signals. Based on the priority for the received D2D channels or
signals, it may store {¢.g., temporarily stove) received channel samples, demodulated or
decodable bit sireams or decoded tnformation contents that may correspond to a received lower
priority D20 channel and/or signal in memory, while processing and/or forwarding another
higher priority D20 channel and/or signal and/or presenting it o user or device output.

16312} FIG. 10 is an example diagram of multiple concurrently received DZD
chamncls (e.g., voice). In FIG. 10, a D21 terminal may concurrently receive a D2D voice
chanmel (e.g., first high priority D2D voice channel}, such as for an emergency first responder
direct voice bine and/or a D2D voice channel (e.g., second lower priovity D2 voice channel),
such as for a push-to-talk group call.

[8313§ In F1GG. 10, a talk spurt corresponding to the high priority D2D voice chamnel
{e.g., first high priority D2D voice channel) may be received over multiple scheduling periods
unti] time instant T2, A talk spurt of a low pricrity D2D voice channcl {¢.g., second low priority
D21 voice channel} may be received beginning from tine instant T1. The D2D terminal may

have one andio processing front-end chain, for example at any given point in time decoded (.2

2
only decoded} voice samples of one channel may be presented to audio output, such as speakers
or otherwise, the D2D terminal may process (¢.g., only process) one received voice channel at a

time. The D20 termiral may be able to roccive both the low-priority and/or the high-priovity
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D25 channcls and/or control signaling simultancously in difforent subframes or in the same or
similar subframes that may be used 1o carry D2D channels and/or signals.

[6314] Perhaps upon the start of reception of the low priority D2D voice call (e.g.,
second low priority D2D voice call in FIG. 10) at time instant T1, among other scenarios, the
D20 terminal vay continue o demodulate, to decade and/or to forward to the audio output path
of the device any D20 data obtained from the high priority voice chamel (e.g., first high priority
voice channel n FIG. 10) while #t may store (e.g., temporarily store) any decoded samples or
signal representations of the (e.g., concurrently) received lower priority D2D voice cali (e g,
second lower priority D2D voice call in FI1G. 10) into 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 pricrity D2D voice channel
in FIG. 10) may be reccived, the D2D terminal may switch its audio path from the high priority
D2D voice chammel to the low prioriy D20 voice channel. Forwarding such stored channel
samples and/or decoded information contents corresponding to the lew priority D2D voice
channcl from the memory (¢.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 {e.g., many} DZD apphcations 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 priority 3203 voice channel may be acceptable.

[B318] The D2ZD receiver processing may be improved, for example, in that a D2D
terminal may {¢.g., autematically) receive and/or process multiple 02D channels or signals {e.g.,
concurrent D213 channels or signals) based on priority handling associated with sach received
multiple D2D chamnel and/or signals. No user intervention, similar 1o mamisal channel switching,
may be usefid. Higher priority D20 channels and/or signals may be prioritized through D2ZD
terminal processing upon recoption, for cxampic, in the prescace of other channels and/or
signals,

{83164 The WTRL may be configured or pre-configured with rules to detormine
whether data of diffcrent priority can be multiplexced together i one PDU or whether they may
be requived 1o be trarsmitted in differont transmission opportunitics, For example, the network
may allow a WTRU to multiplex data belonging to a second and third priority level but not data
corresponding to a fisst priovity level. This restriction may be beneficial, e g, if the WTRU
wants to optimize the transmission of emergency services without multiplexing data of lower

priotity in the same TB,
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18317} Examples described hercin and FIG. 10 may be extended to more than two
priority classes. Different lengths of scheduling periods may be used. SA transmissions may
correspond to D2ZD data transmitted in 4 later or in multiple schedoling periods. Independently or
in conjunction with scheduling periods, principles of semi-persistent, time-limited or
dynamically gravted D21 data transmissions may be used. Time and/or frequency resources
might not be contiguous. While the examples used schedoling assignments and high and low
priority received D2D voice channels for Hlustration purposes, the principie of temporarily
buffering and storing of a samples corresponding to a low priority D20 chanuel and/or signal
may cqually 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 time instant,
while high priority D2D control or data signaling wiay be processed upon reception.

(6318 Reccived D20 data {c.g., concurrently received D2D data) may be voice,
control, service and/or data packets, such as for example 1P packets corresponding to a file
download. The vse of bufforing and/or storing {e.g., temporary baffering and/or storing) in
memory of samples corresponding to a received D2D channel (e.g., sccond received D2ZD
chanmel) may be applied, for example, to avoid receiver fimitations fn a D21 terminal for dovice
architecture, component availability for real-time processing, device output representation of
received D20 data, and/or required aser mteraction, etc. Receiver processing and/or
pricritization of muldple received (2.g., concurrently received) channels and signals may equally
be applied to channels or signals received from the celiular conmmumications and the D20 radio
links.

16319} A D2D terminal, while receiving a D2D channel and/or signal {e.g., first D2D
chamncl and/or signal), may determine whether a D20 channel and/or sigaal {¢.g., sccond D2D
chanmel and/or signal) may be received. Upon determination that a D20 channel and/or signal
{e.g., second D2D channel and/or signaly may be received, the DIZD terminals may determine
which onc of the received (c.g., concurrenily reccived) D2D channels or signals may be directly
processed and/or which one may be stored {2.g., temporarily stored) tn memory. The
determination may be based on priorities associated with received D210 channels or signals or
comumunication types. Divectly processing any decoded samples of a D2E channe! and/or sigoal
may imply presenting these samples to user cutput, such as the terminal’s audio path, or it may
imply 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
menory may be combined with partial receiver processing, such as for a channel 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 D2D terminal may detormine when to
process any D2D data stored {o.g., tommporarily stored) in memory. The D2D terminal may
determine to apply direct 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 B2D
terminal aay 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. It may
determine that stored samples way be discarded, for example, if a time delay or a selocted set of
conditions may be mict. Samples may be stored in permanent storage, for example, to aliow the
end-user to listen at a later {ime.

16328} The D2D terminal, in conjunction with examples described herein, may issue
notitications and/or signaling messages exchanged from or to or in-between a device component
and another to annovnce and/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
DZD terminal may be configared to perform examples described herein as a function of selected
recoption conditions, receiver configurations, timers or counters or index values.

19321 A D20 erminal may process nultiple received D2D channels or signals, for
example, based on priority of received (e.g., concurrently received) D2D chanmels or signals,
Processing may tnvolve receiving and/or discarding and/or prioritizing for reception a D2D
channel and/or signal, for example, in the presonce of other D2D channels or sigoals.

(6323} A D21 terminal may selects a received (e.g., first received) D20 channel
and/or signal for divect processing, for example, while selecting a received (e.g., second
received) D2D channel and/or signal for storage (e.g., temporary storage). Direct processing
and/or femporary storage may correspond to the example realizations described herein, for
exaraple with respect 1o the example receiver.

[6323] One or more techniques are contemplated for reception by 2 B2ZE WTRU
serving as a Relay Node., A relay WTRU may operate as an L3 relay. In such scenarios, among
others, data received over the D2 link may be forwarded to one or move upper layers {e.z. 1P,
among others), perhaps for example before it may be sent over the Uu interface o an eNB. A
relay WTRU may tmaplement (¢.g. particular) handling for priority, perhaps for cxample when it
may receive data (e.g., over the D2D link) and/or may relay this traffic over the cellular link 1o
the network. The priontization of data wansmitted by a WTRU to the network {e.g., via a relay)
may be the same or substantially similar prioritization on the D2D link as the priovitization

expericnced over the cellular link from the relay WTRU to the eNB.
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18324] 0 one or more techoiques, the relay node may request and/or create one or
more separate radio bearers for one or more, or cach, level of priority of data that it may receive,
of example from any of the remote WTRUs i may be currently serving. The relay WTRU may
utilize one or more existing radio bearers that may be associated with {¢.g., varying) degrees of
Quality of Service (Qos), perhaps for example to serve the one or more different pricrity
transmissions made by the remote WTRLU towards the relay (e.g., with higher priority
transmissions being mapped to onc or more bearcrs with better QoS, or the like), among other
sCCnarios.

13325} A relay WTRU may setup one or more, or a sef, 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 existing radio bearers that may be used for data associated with one or more, or each
priority level. Perhaps when the relay WTRU receives data from the D2D link, for cxample,
among other scenarios, it may determine the priovity of the packet(s) received from a remote
WTRU. This determination may be done, for example, at the MAC layer, the I[P 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 priority 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 s specific
priority. For instance, LCIDs 1-8 could be utilized for D2D communication, and the
priovity level may be associated with the chosen ID {e.g., in increasing/decreasing order
of priority}.

[6326] The WTRU may send the received dats, perhaps along with the associated
priority level, 10 one or more higher layers {e.g., an I layer) for forwarding over the cellular
Huk.

183271 For ¢xample, if the priority deternination is dong at the 1P layer, and/or the
application layer, the associated priority may be sent with the 1P packet and/or with the
associated application fayer data, perhaps for example so that the relay WTRL may be aware of
the priority of the received data. The data may be (e.g., first) forwarded t¢ the one or more

higher layers where the priority determination may be performed.
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18328} Perhaps based on the priovity of the received data, for example, the relay
WTRU may determine which radio bearer (e.g., with associated Qo8 level) to use for
transnssion of the received data. The relay WTRU may maintain a mapping of radio bearer to
priority level, and/or may usc this mapping to decide which radio bearer one or more 1P
packet(s) may be sent over, The WTRU may be configured {c.g., dynamically) with a mapping

for ransmitting one or

of priority level to radio bearer by the eNB| and/or may usc this mapping
more IP packets over the one or more existing radio bearers.

153298} In some techniques, one or more, or multiple, radic beavers with the same or
similar QoS characteristics may be used by the relay WTRU to transmit data received from the
remote WTRU 1o 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 buffering the lower
priotity 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 recetved from
the remote WTRU, among other scenarios, may process the higher priority {e.g., forwarded o
the higher layers), and/or may process the lower priority data perhaps when (¢.g., only when) the
lower priority data is forwarded 1o the higher layers.

[6334] For example, the relay WTRU may be configored 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, 8 higher priority packet is received by the
relay WTRU and/or forwarded to the one or more upper layers. Perhaps afier (e.g., only after)
the timer expires (e.g., which may indicate that no igher priority data is received for a period of
time}, among other scenarios, the WTRU may forward any buffered lower priority data to the
one of more upper layers.

193341 For example, the relay WTRL may forward lower priority data fora
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 bigh priority data, one or more, or all, lower priority data
may be buffered in the one or more lower layers of the relay WTRL, perhaps while the higher
priority data (¢.g.. only the higher priority data) may forwarded to the one or more upper layers,

16332} fn some techniques, the WTRU may (c.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 probabiity of forwarding may be associated
with the lower priority data/channel. The higher layer may process the data, perhaps for example

i the order received.
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18333} For exanple, the relay WTRU receiving data with for cxanmple two different
priorities {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 pricrity data. Perhaps for example
it 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 select 2 randonm number between 0 and 1.
For example, the relay WTRU may forward the high priovity data perhaps if the number is larger
than .2, Perhaps for example if the mumber is otherwise, the relay WTRU may forward the
lower priority data.

16334} Although some techniques may have been deseribed herein using two priority
levels, any of the contenplated techniques can be extended to moltiple (N) priority levels by a
person skilled in the art.

[8335) Transmission to process multiple D20 data channels in a device may be
described herein. D21 terminals may process multiple D2D chanmels or signals {e.g.,
concurrent D2D channels or signals) to be transmitied based on priority of the D2D channels or
signals.

14336} A D20 erminal may ransmit and/or wish to transmott roultiple D2D channels
or signals {e.g., concurrently). Based on the priority for the D2D channels or signals to be
transnitted, it may store (e.g., temporarily store} information contents or encoded bit streams or
samples corresponding to a lower priority D20 chanoel and/or signal to be ransmitted in
memory, for example, while processing and/or forwarding another higher priority DZD channel
and/or signal and presenting it to the transmit path.

163371 A D2D terminal may transmit and/or wish to transmit 3 D2D signal when no
resource may be available for transmission. It may store {(e.g., temporarily store) information
contents or encoded bit streams or sanples of this signal, for example, until a resource may
become available and/or antil a timer expives. Upon expiration of the timer, the samples may be
discarded or stored in storage (¢.g., permancat storage) t¢ allow the end-user to access the non-
transoitted signal later.

[B#335] FIG. 11 is an example diagram of multiple concurrent 2D channels to be
transmitted (e.g., voice and data). In FI1G. 11, 3 D20 terminal may transwit {o.g., concurrently
fransmit) a high priority D2D voice channel (e.g., first high priority D2D voice channel), such as
avoice call group channel and/or a lower priority D2D channel {e.2., second lower priority D2ZD
chanmel), such as a file upload.

[6335] In FIG. 11, a talk spurt corresponding to the high priority D2D voice channel

(¢.g., first high priority D2D voice channel) may be processed by the D2D terminal over multiple
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scheduling periods, for example, untif time instant T2, A device internal request to transnut a low
priority D20 data channel {e.g., second low priority D25 data channel) may be received, for
example, begtnning from time nstant T1. The request may be issued by the user or by an
application that may process data packets for D2D and/or may emit such a request. The D2D
terminal raay have a transmit {e.g., single transmit) front-end chain, Tn any given subfrarse, one
or more (2.g., only one) Transport Block (TE) of a D2D channel may be presented to the Tx
path, for example, in order to use its {e.g., full) available output power on that subframe for the
D20 channel under consideration. This may maximize the achievable link budget for the D2D
chamich The D2 terminal may be able to transmit the high priority and/or the low priority D2D
chanmels and/or #ts control signaling {e.g., simultancously control signaling) in different
subframes.

(8348 Upon arrival of a transmission request for the low priority D2D data chanuel
{e.g., second fow priority D2D data channel} at time mstant T1, the D2D terminal may continue
to forward to the transmission path any D2D data that may be available for the ligh priority
voice channel (c.g., first high priority voice channel) while it stores (¢.g., temporarily stores)
and/or buffers in memory any sanples or signal representations of the to be transmitted (e.g.,
concurrently to be fransmitted) lower priorvity D20 data channel (e.g., sccond lower priority D2D
data chanriel}. At time instant T2, when the talk spurt of the high priority D2D voice channel
( z., first high priority D20 voice channel) may end and the low priority D2D data channel

e.g., only the low priority D20 data channel} may be transmitted, the D20 ternunal may switch
its transmission path from the kigh priority D2D voice channel to the low priority D2D data
chamnel. Forwarding such stored samples and/or information contents corresponding to the fow
priority D20 data channel from the memory (¢.g., tomporary memory) {0 the transmission path
may involve a time delay or time lag. For example, in FIG. 11, around three scheduling perteds
or around 480 ms may be processed from temporary memory. Given that D2D apphcations may
correspond to non-time critical data type, for cxample rather than bi-directional conversational
voice, such a time-delay or time-lag introduced through storing (e.g., tomporarily storing)
portions or the entirety of the low priority D2D data transmission may be acceptable.

(341} In FIG. 11, the D2Z2D terminal may muitiplex lower priovity D2D data
fransmissions infermittently, for example, during an ongoing higher priority D2D voice channel
transmission. It may do so in the D2D subframes (e.g., only in the D2D sebframes in FIG. 11
that might not be used for transmussion of transport blocks for the higher priovity D2D voice

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

[6342] The D2D transmiticr processing may be improved in that a D2D terminal may
process (e.g., automatically process) muliiple D2D channels or signals {e.g., concurrent DZD
channels ot signals) to be transmitted based on priority handbing associated with such multiple
D20 channel and/or signals to be transmuatted. No user intervention, similar to manual channel
switching or deferral of transmission, may be useful. Higher priority 2D channels and/or
signals may be prioritized through D2ZD terminal processing upon request to send, for example,
in the presence of other channcls or signals.

(6343} 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 transniissions may correspond o D2D data transmitted i a later or in multiple scheduling
periods. Independently and/or in conjunction with scheduling perieds, principles of semi-
persistent, time-lmited 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 D21 voice and data channels to be transmitted for
llustration purposes. The principle of temporanly buffering and storing of 4 samples
corresponding to a low priority D2D channel and/or signal 1o be transmitted may equally be
applied to different D2D channel and/or signal messages types. For example, D2D Biscovery
messages to be wansmitted may be stored (e.g., temporarily stored) and/or queved for processing
at 4 later time mstant, while high priority D20 control or data signaling may be processed upon
reception of a request 1o send in the D2D terminal.

1344} 3213 data channels or signals (c.z., concurrent D2D data channels or signals)
o be transmitted may be voice, control, service and/or 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 memory of samples corresponding to a D2D channel {(c.g., sccond
D20 channel) to be wransimitted may be applied to avoid transmitter Hmitations ina D2D
terminal with respect to device architecture, component availability for real-time processing,
device cutput representation of DZD data, usage of radio resources, and/or required usor
interaction, ete. Transmitier processing smd/or prioritization of multiple channels and/or signals
{¢.g., concurrent channels and/or signals} to be ransnuitted may equally be applied to channels or
signals {0 be transmitted on the cellular communications and the D2D radio hinks.

[6345] A DZD terminal, while transmitting a D2D channel and/or signal (e.g., first

D20 chamnel and/or signal) may determine whether a request to send a D2D channel and/or
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signal {¢.g., sccond) may be received. Upon detormination that a D2D channel and/or signal
{e.g., second D2 chanvel and/or signal) is to be transmiited, the D2D terminals may determine
which of the D20 channels or signals {e.g., concorrent D2ZD channels or signals) to be
transmitted may be directly processed and which may be stored (¢.g., tomporarily stored) in
memory, The deterodnation may be based ou priorities associated with D2D chamnels or sigoals
or compuication to be transnutted. Directly processing any samples or information
representative of a D2D channel and/or signal to be transmitted may imply presenting the
information to the terminal’s transmit path, or it may imply forwarding such samples to other
processing components implemented on the D2D terminal. Storing (c.g., temporarily storing) in
memory may be combined with partial transmitter processing, such as a channel modulation of a
D2D channel and/or signal to be transmitted, a channel encoding of information, and/or protocol
processing of such D20 chanoels or signals,

[8346] A DD terminal may determine when to process any D2D data stoved (e.g.,
temporarily stored) in memory. The D2ZD terminal may determine to apply divect processing, for
cxample as described hercin, to such stored (c.g., temporarily stored) saraples or information
contents of & D2D channel and/or signal to be transmitied. The D2D tenminal may forward the
stored samples to outpot components of the device, such as the ransmitter path. 1t may
determine that stored samples may be discarded if, for example, a thme 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 priority D20 channel and/or signal (e.g., second low priority
D2D chamnel and/or signal), for example, during a time pericd when 1t may transmit a higher
priority D2D channel, such as in subframes that might not be in use by the higher priority DZD
chamncl and/or signal

16347} The D2D terminal may, o conjunction with examples described herein, issue
notifications and signaling messages exchanged from or to or in-between one or more {e.g., vne}
device component and another to announce and/or inform about actions that may be undertaken
as part of its transmitter processing. It may issue such notifications or signaling messages to
other devices. The D2D terminal may be contigured to perform examples deseribed hereinas a
function of sclected conditions, transmitior configurations, timers or countors, and/or index
values, efe.

[6348] A D2D terminal may process nuiltple D20 channels or signals o be
transnitted based on priovity of the concurrent D20 channels or signals to be transmutted.

Processing may involve transmitting and/or discarding and/or prioritizing portions or the entirety
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of a D20 channel and/or signal to be transmitted, for exanple i the presence of other D2D
chanmels or signals to be transmitted by the device.

[6345] A DIZD terminal may select 2 D2D channel and/or signal (e.g., first B2ZD
channel and/or signal} to be transmitted for direct processing, while selecting 3 D20 channel

and/or signal {e.g., second D21 channel and/or signal} to be transmitied for storage {e.g.,

temporary stovage). Direct processing snd/or storage (e.g., temporary storage) may correspond to
the example realizations described herein with respect to the transmitter.

63561 The D20 terminal may transmit D2D date by determining priority access
groups and/or mapping from available D21 data channels or signals to available prioritics or

priority BCCess groaps.

16351} Priority access groups to transmit data may be selected.
[B353] The WTRU may be configured with number of discrote priority access groups

and may have multiple services or application rununing. The WTRU may determine how to map
D2D data to transmit into the available priovity access groups.

[#353] Priorify access group may refor herein to any of the schomes or resource pool
contigorations described herein to support data prieritization and/or tratfic differentiation (e.g.
different resource pools with different priotities, priovitization access within the same resouree
pool, cte. ).

(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/spplication layer packet and/or a priority access group. For example, ProSe bearers
configured with logical channel priority 1-4 may be mapped to priority access group 1 or highest
priority group.  Omne or more, or each, service associated with a particudar group, traffic type,
and/or nser type may have an assigned priority by higher lavers. When the packet arvtves to the
access stratum it may be mapped to a logical channel or PDCP caiity bascd 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
determing 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 to a priority access
group or 1o a logical channel {or packet) priority. The WTRU may be configured with a set of
THT filters for one or more, or each, tratfic type, and the priovity of the logical channel or access
group to be associated with one or more, or each, traffic type. For example, the WTRU may be

configared with (o.g., three) TFT filters and mapping rules for one or more, or cach, of them {c.g.
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voice traffic gots mapped to priotity access group 1, video traffic to priority access group 2 and
data traffic to priority access group 3).  The WTRU may perform traffic inspection to determine
the traffic class of one or more, or each packet, and/or i may look gp the configured mapping
ruies to detornying which priority sccess group may be used, for cxample.

[8355) The WTRU may determine the priovity access group(s) to use based on a
mapping of EPS bearer and/or radio bearer from which a WTRU, perhaps acting as a relay
and/or {(e.g., first) receiving the data over a cellular/Uu link, may receive the data, to the priority
access group over the D2D link. For example, a WTRY acting as a relay may be configured
with separatc EPS/radio bearcrs to transmit data for different priority fevels. The WTRU may
map data received over a specific EPS bearer to a specific priority access group, perhaps for
example based on pre-configured and/or signaled (e.g. by the eNB or ProSe function} mapping.

10356 The WTRU may detormine 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 use or
abways use the same or similar priority access). The WTRU may be configured with a
device/WTRU priority, for cxample, based on hicrarchy in the group {c.g., fireman chief is
contigured o have highest priovity in the group). The WTRU may determine the priority access
group(s) based on observed traffic characteristics in the WTRU. The WTRU may maintain past
and/or ongoing traffic characteristics (e.g. inter-arrival time, data rate, ete.) and/or may
determnine appropriate priovity access group that may be used to fulfil those iraffic characteristics.
The WTRU may determine the priority access group{s} based on the function of the D2D
WTRYU. For example, if the WTRU may be operating as a relay, some or all traffic may be
mapped to a certain priority 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 detormine the prim*ity
access group(s) as a fumetion of services configured by higher layers. For example, if higher
tayers request 2 D2D request for emergency service, the WTRU may determine the ysefulness o
U5¢ emergency priority access group.

(8357} 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
laver signaling (¢.g. from the ProSe function). The WTRU may be pro-configured with the
mapping rules.

[6358] An in-coverage WTRU may be configured to report the priority access groups
the WTRU may be using to the ProSe fimetion/eNB. The eNB may be given the configuration
parameters described herein {e.g. mapping of LCG 1D, logical channels, priority level, and/or the

priotity access group) from the ProSe function and/or from another node in the network (e.g.
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MME), for exaniple in scenarios such as where the mapping might not be determined (e.g.,

solely) by the WTRU, among other scenarios.

(6355} Selected priovity access pools may be otilized for transmission
[6366] The WTRU may determine how o multiplex the data indo the sclected priority

access groups and/or travsmit data using the characteristics of the priority access group. Features
described herein may be apphicable for the case where the WTRU in one transport block can
{e.g.. only) multiplex data belonging to one source-destination pair and/or apphicable to the case
where the WTRU can multiplex data belonging to different destinations.

16361} The WTRU may determine how to myultiplex and where to send some or all
data using one of more (e.g., only one) determined priority access group. For example, the
WTRU may determine to send all D2D using the priority access group with highest priority
among the sclected access groups (e.g. if a D2 emergency service was requested by higher
layers, some or all raffic from that device may be sent using emergency priority access group).
For example, the WTRU may determine the highest prionty service or priority access group that
has data available and determine the resources or transmission characieristics in which this
prierity service can be trapsmitied. The WTRU may be allowed to multiplex prierity services
together {e.g., any of the priovity services together) and tramsmit them using the transmission
characteristics of the highest priority data. Logical channel priovitization may be performed in
the transmitter, for example, to prioritize higher traffic class from lower traffic class for one or
more, or cach, PD3U creation. In a case where the WTRU is himited to nmdtiplexing data from
one source-destination pair, the WTRU may determine the ighest priority serviee or data across
destination(s) (e.g., all destinations), determine the transmission characteristics and resources for
that priority and may mwiltiplex data from difforent prioritics belonging to that destination in the
same PDU, e g, according to LCP and available space.

[6362] The logical channels that can be moltiplexed together may firther 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 priority access groups.
For example, the WTRU may determine to multiplex data belonging to the same priority access
group together and/or transmit them using the characteristics of the selected priority access
group. If ane or more (e.g., two) priority access groups are configured (e.g., high and low), the
WTRU may classify the configured logical channels into one or more (e.g., two) groups, and it
may ron {¢.g., individual) logical channel prioritization to multiplex logical channels within one

or morg, or cach, group info a separate packet.
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18364) One or more, ot cach, packet may be sent to lower layer, for example, along

with @ priority access group indicator. One or more, ov each, 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 o determine priovity access group may be described herein, The
WTRU may determine the usefulness to select priority access groups and/or change priority
access groups it may be using on detecting one or more of the following triggers: upon
initiation/termination of D2D service (e.g. emergency call); when D2D data may be available to
transmit; when D20 data may be available to transmit, for cxample at the beginning of a
scheduling period; when the fimetion of WTRU changes (e.g., WTRU may start and/or stop
operating as a relay); 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 now
privrity access group and/or decide to remap D20 data o o different priority access group(s), the
WTRU may be configured to perform one or more of the following actions: stop using the
carlier priority access groups for resource selection; determine traffic types and legical chanuels
or group of logical chamnels that may belong to selected priority access groups; perform resource
selection to select resources and/or transmission opportunities for one or more, or each, of
selected priority access groups: perform logical channel prioritization for one or more or all

5
i

logical channels that may belong to a selected priority aceess group and/or generate packet.

(83671 Although features and elements are described with reforence to LTE {e.g.,
LTE-A} and LTE terminclogy, the features and clements described hevein may be application to
other wired and wireless communication protocols, for example, HSPA, HSPA+, WCDMA,
CDMAZO00, GSM, WELAN, and/or the hike.

(0368} Although features and elements are described above n particular
combinations, onc 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 hercin may be implemented in a computer program, software, or
firmware incorporated in a computer-readable medium for execution by a computer or procossor.
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
menory (RAM), a register, cache memory, semiconductor memory devices, magnetic media

such as mternal hard disks and removable disks, magneto-optical media, and optical media such
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as CD-ROM disks, and digital versatile disks (DVDs)y. A processor in asseciation with software
may be used to implement a radio frequency transceiver for uge ma WTRLU, WTRU, terminal,

base station, RNC, or any host computer.
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‘What is Claimed is:

1. A wireless transmit/receive unit (WTRU) in communication with a wireless
communication network, the WTRU comprising a memory, a processor, a transmitter, and a
receiver, the WTRU configured to:

perform signal strength measurements on one or more signals received from at least a
first node of the wireless communication network;

randomly select grant transmission resources from one or more available transmission
resources for data of a first priority, wherein the one or more available transmission resources
are determined by the WTRU based on: (1) the WTRU comparing the one or more signal
strength measurements to a first threshold corresponding to data of the first priority, (2) the
WTRU selecting one or more resources duration periods for the grant transmission resources,
and (3) the WTRU determining at least one resource release indication for the grant
transmission resources; and

transmit information indicating the one or more resource duration periods to a second
node of the wireless communication network using the randomly selected grant transmission

ICSOUrces.

2. The WTRU of claim 1, wherein the one or more signals includes one or more

scheduling assignments.

3. The WTRU of claim 1, wherein the first threshold corresponding to data of the first

priority is preconfigured.
4. The WTRU of claim 1, wherein the receiver is further configured to receive the first
threshold corresponding to data of the first priority via Radio Resource Control (RRC)

signaling.

5. The WTRU of claim 1, wherein the transmitter is further configured to transmit the

data of the first priority using the randomly selected grant transmission resources.

6. The WTRU of claim 1, wherein the first node is at least one of: an evolved NodeB
(eNB), or another WTRU.
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7. The WTRU of claim 1, wherein the randomly selected grant transmission resources
comprises a first selection of one or more first priority transmission resources from the one or
more available transmission resources for data of the first priority, and

wherein the processor is further configured to:

randomly select a second selection of the one or more first priority transmission
resources from the one or more available transmission resources for data of the first priority;
and

replace the first selection of the one or more first priority transmission resources with

the second selection of the one or more first priority transmission resources.

8. The WTRU of claim 1, wherein the one or more available transmission resources for

data of the first priority are assigned to one or more first priority transmission resource pools.

9. The WTRU of claim 8, wherein the grant transmission resources are randomly

selected from the one or more first priority transmission resource pools.

10.  The WTRU of claim 1, wherein the processor is further configured to:

randomly select second grant transmission resources from one or more available
transmission resources for data of a second priority, wherein the one or more available
transmission resources for data of the second priority are determined by the WTRU based on:
(1) the WTRU comparing the one or more signal strength measurements to a second
threshold corresponding to data of the second priority, (2) the WTRU selecting one or more
resource duration periods for the second grant transmission resources, and (3) the WTRU
determining at least one resource release indication for the second grant transmission

resources.
11.  The WTRU of claim 10, wherein the transmitter is further configured to transmit the
data of the second priority using the randomly selected second grant transmission resources,
the data of the first priority being higher in priority to the data of the second priority.

12. A wireless transmit/receive unit (WTRU) in commumication with a wireless

communication network, the WTRU comprising a memory, a processor, a transmitter, and a

receiver, the WTRU configured to:
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randomly select grant transmission resources from one or more pools of available
transmission resources for data of a first priority, wherein the one or more pools of available
transmission resources are determined by the WTRU based on: (1) the WTRU comparing one
or more signal strength measurements to a first threshold corresponding to data of the first
priority, (2) the WTRU selecting one or more resource duration periods for the grant
transmission resources, and (3) the WTRU determining at least one resource release
mdication for the grant transmission resources; and

transmit the one or more resource duration periods to a first node of the wircless
communication network; and

transmit the data of the first priority using the randomly selected grant transmission

ICSOuUrces.

13.  The WTRU of claim 12, wherein the WTRU is further configured to:

receive one or more signals from the first node of the wireless communication

network;

identify the available transmission resources for data of the first priority based on
information in the one or more signals; and

assign the available transmission resources for data of the first priority to the one or
more pools of available transmission resources for data of the first priority based on the

information in the one or more signals.

14. The WTRU of claim 12, wherein the first node is at least one of: an evolved NodeB
(eNB), or another WTRU.,

15. The WTRU of claim 12, wherein the processor is further configured to:

randomly select one or more second grant transmission resources from one or more
pools of available transmission resources for data of a second priority, wherein the one or
more pools of available transmission resources for data of the second priority are determined
by the WTRU based on: (1) the WTRU comparing the one or more signal strength
measurements to a second threshold corresponding to data of the second priority, (2) the
WTRU selecting one or more resource duration periods for the second grant transmission
resources, and (3) the WTRU determining at least one resource release indication for the

second grant transmission resources,

-79 -

Date Regue/Date Received 2023-07-28



wherein the transmitter is further configured to transmit the data of the second priority
using the randomly selected second grant transmission resources, and

wherein the data of the first priority is higher in priority than the data of the second

priority.

16.  The WTRU of claim 12, wherein the WTRU is further configured to transmit the at

least one resource release indication to the first node of the wireless communication network.

17. The WTRU of claim 12, wherein the WTRU is further configured to transmit the at
least one resource release indication to a second node of the wireless communication
network.

18. A method performed by a wireless transmit/receive unit (WTRU) in communication
with a wireless communication network, the method comprising:

performing signal strength measurements on one or more signals received from at
least a first node of the wireless communication network;

randomly selecting grant transmission resources from one or more available
transmission resources for data of a first priority, wherein the one or more available
transmission resources are determined by the WTRU based on: (1) the WTRU comparing the
one or more signal strength measurements to a first threshold corresponding to data of the
first priority, (2) the WTRU selecting one or more resource duration periods for the grant
transmission resources, and (3) the WTRU determining at least one resource release
indication for the grant transmission resources; and

transmitting information indicating the selected one or more resource duration periods
to a second node of the wireless communication network using the randomly selected grant

transmission resources.

19.  The method of claim 18, further comprising transmitting the data of the first priority

using the randomly selected grant transmission resources.

20.  The method of claim 18, wherein the randomly selected grant transmission resources
comprises a first selection of one or more first priority transmission resources from the one or
more available transmission resources for data of the first priority, the method further

comprising:
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randomly selecting a second selection of the one or more first priority transmission
resources from the one or more available transmission resources for data of the first priority;
and

replacing the first selection of the one or more first priority transmission resources

with the second selection of the one or more first priority transmission resources.

21.  The method of claim 18, further comprising:

randomly select second grant transmission resources from one or more available
transmission resources for data of a second priority, wherein the one or more available
transmission resources for data of the second priority are determined by the WTRU based on:
(1) the WTRU comparing the onc or more signal strength measurements to a second
threshold corresponding to data of the second priority, (2) the WTRU selecting one or more
resource duration periods for the second grant transmission resources, and (3) the WTRU
determining at least one resource release indication for the second grant transmission

resources.
22.  The method of claim 21, further comprising transmitting, via a transmitter, the data of
the second priority using the randomly selected second grant transmission resources,

wherein the data of the first priority is higher in priority than the data of the second priority.

23.  The method of claim 18, further comprising transmitting the at least one resource

release indication to the second node of the wireless communication network.
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