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HANDLING CONNECTION REJECTIONS VIA U2U RELAY ASSOCIATED WITH BACKOFF TIMES ON
BEHALF OF A SOURCE END WTRU

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  The application claims the benefit of U.S. Provisional Application 637457618, filad Aprit 6, 2023,

the contents of which are incorporated by reference in their entirety hersin.

BACKGROUND

{00021  Mobile communications using wireless communication continue fo evolve, A fifth generaticn may
be raferred to as 5G. A previous {legacy} generation of mobile communication may be, for example, fourth

generation (4G} long lerm evolution (LTE).

SUMMARY

[0003] Systems and methods are described herein for handiing connection rejects via a wirelass
fransmitfreceive unit (WTRU)-to-WTRU (U2U) relay associated with backoff timss on behalf of a source
end WTRU. A relay WTRU may relry to establish connection with & target WTRU on behali of a source
WTRL, for axampls, based on receiving a rejaction (e.q., with a backoff value) from the target WTRUL The
source WTRU may associate the reject massage 1o the targel WTRU, and the relay WTRU may be
available lo reach other targst WTRUs, The relay WTRU may send a reject message to other source
WTRUs {e.g., if the back off duration is active, running} for the same target WTRUL

{0004 A relay WTRU may retry connection ssiablishment with a target WTRU on behalf of & source
WTRU. For example, the relay WTRU may receive a firsi rejection message from the target WTRU. The
first rejaction message may be associated with a first dirsct communication requsst {(DCR) fransmission or
a first link modification request (LMR) transmission. The first rejsction message may indicata congestion.
The first rejeclion message may indicate a rejeclion cause valus. The first rejection messags may indicate
a back off value. The first DOR or first LMR may be assooiated with the source WTRU. The relay WTRU
may determine a number of retransmissions associated with the source WTRU (2.g., number of
retransmissions associated with the request to astablish connection). The WTRU may send a second
rejection massage fo the source WTRU. The second rejection message may be sent basad on whether the

number of retransmissions associated with the source WTRU is below a threshold {e.g., maximum number
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of aliowed refransmissions). The second rejeclion message to the source WTRU may indicate whether the
relay WTRU will {(e.q., attempt {0) make one or more refransmission attempts on behalf of the soures

WTRU. The sacond rejsction message may indicats the number of refransmission attempls.

[0008]  For example, if the number of refransmission atternpls associated wilh the source WTRU is
balow the threshold, the relay WTRU will perform one or mare of the following, The relay WTRU may track
& duration associated with a back off value {e.g., indicaled by the first rejection message). The relay WTRU
may include in the second rejection message {0 the souwrce WTRU, and indication that the relay WTRU will
{e.q., altempt to) make ratransmission attempts on behalf of the source WTRU. The relay WTRU may
send, to the target WTRY, a sacond DCR/LMR transmission (8.g., basad on a defermination that the back
off value has elapsed) on behalf of the source WTRU. For example, If the number of retransmission
attempts is greater than or equal to the thrashold, the relay WTRU may determine to abort direct link
establishment. The second rejection message may indicate identification information associated with the
target WTRLL The second rejection message may indicsle that a maximum number of retries has been
reached.
[0008] A rslay WTRU may send a rejection message io a source WTRU without attempting to establish
connection with a target WTRU, for example, if the relay WTRU has aiready received a rejection for a
different source WTRU with the target WTRU. The WTRU may receive a first message from a target
WTRU. The first message may indicate a rejection associated with a first request to establish a first
connection betwaen a first source WTRU and the larget WTRU. The first message may indicats a back off
valus assodiated with the target WTRU, The relay WTRU may recsive a second message from a second
source WTRU. The sscond message may be associated with a sacond request fo establish a second
connection betwsen the second source WTRU and the target WTRU using the relay WTRLUL The relay
WTRU may sand a third message fo the sscond source WTRU indicating that the targef WTRU has
refecied the first request to establish the first connection betwaen the first source WTRU and the targed
WTRL. The third message may indicale a cause value (8., thal indicates that the target WTRU has
previougly rejected the requast to establish the first connection bstween the first source WTRU and the
target WTRU), The relay WTRU may send the third massage, for example, without attempting fo make the
establishment with the farget WTRU (e.g., because the relay WTRU glready recsived a rejeciion for the
first source WTRU and the target WTRU). The relay WTRU may determine that a duration associated with
the back off valus has expired. The WTRU may {e.g., based on the determination that the duration
associated with the back off value has expired) send a fourth message 1o the target WTRUL The fourth
message may be associated with one or more of the first request o establish the first connection between

the first source WTRU and the target WTRU or the second request to estabiish the second connection
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betwaen the second scurce WTRU and the target WTRU, The fourih message may be seni, for example,
basad on a determination that a number of retransmissions associated with the connection establishment
with the target WTRU is below a threshold. The relay WTRU may determine the number of
retransmissions. The relay WTRU may recsive a fiflh message from the target WTRU that indicates that
the second request to establish the second connection betwaen the second source WTRU and the target
WTRU is rejscted. The relay WTRU may determine (e.q., based on the fifth message] that a number of
relransmissions associated with connection establishment with the fargst WTRU is squdl {o or grealer than
a thrashold. The relay WTRU may {&.¢., based on the determination that the number of refransmissions
associated with connection establishment with the target WTRU is equal to or greater than the threshold)

send a reject message to the second source WTRU associated with & pending link sstablishment

connection requast.

[0G07]  The WTRU may send a connection establishment request to the target WTRLL The connaction
establishment request may be a DCR or an LMR. A WTRU may recsive a back-off vaiue associated with a
connection astablishment rejection associated with a target WTRU, The back off value associated with the
connsction establishment rejection may be received in response fo the sent connection establishment
request. The WTRU may receive & first message thal indicales that the WTRU is to retry connection
establishmeant with the target WTRLUL The first message may indicate a value associated with a waiting
pariod duration. The WTRU may track a duration associated with the back off value. The tracking of the
duration may be inifiated based on a reception of a third message from the {arget WTRU. The tracking of
the duration may be initiated based on a determination that the waiting period duration has expired. The
WTRU may determine fo refry connection establishmant with the target WTRU. The dstermination to retry
connection establishment with the target WTRU may be based on receiving a third message from the
target WTRU indicating to refry connaction establishment. The determination {o retry connection
establishment with the target WTRU may be based on a determination that the duration associatad with the
back off value has expired. In examples, the WTRU may be arelay WIRU, For arelay WTRU, the
connection sstablishment rejection may be asscciated with a first source WTRU, The relay WTRU may
{e.g., based on recaption of the reject message) send a msssage to the source WTRU that indicates the
target WTRU has requestad to wail. The relay WTRU may atlempt {o establish connection betwsen the

source WTRU and the targel WTRL,

BRIEF DESCRIPTION OF THE DRAWINGS

00081 FIG. 1Ais a system diagram illustrating an example communications system in which one or

more disciosed embaodimentis may be implemenied,
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(00081  FIG. 1B is a system diagram illusirating an example wireless fransmitfreceive unit (WTRU) that
may be used within the communications system illustrated in FIG. 1A according fo an embodiment.

00101 FIG. 1C is a systern diagram illustrating an example radic access network (RAN} and an examgple
core network (CN) that may be used within the communications system illustrated in FIG. 1A according lo
an smbodiment.

[0011]  FIG. 1D is a systern diagram Hustrating a further example RAN and a further example CN that
may be used within the communications system illustrated in FIG. 1A according fo an embodiment.

[0012] FIG 2 illustrates an example ProSe cormmunication via a ProSe Layer-3 WTRU-to-WTRU relay.
[0013] FIG. 3illustrates sxampls ProSe communication via an example ProSe layer-2 WTRU-fo-WTRU
Relay.

[0014] FIG. 4 illustrates an example fiow thal enables g U2U relay to handle DC/AM Reject messages
and retry on behalf of the source WTRU,

[00158]  FIG. 5illustrates an example flow of allowing a source WTRU to be notified of the target WTRU's
reguest rejection and its cause.

[0018]  FIG. 6 illustrates an example flow that may allow a U2U relay to handle multipls requests to the

same target WTRU if the target WTRU had previously rejectad a request.

DETAILED DESCRIPTION

[0017]  FIG. 1Ais a diagram illusirating an example communications system 100 in which one or mors
disciosed embodiments may be implementad. The communications system 100 may be a multiple access
systam thal provides conlent, such as voics, data, video, messaging, broadcast, slc., to multiple wirsless
users. The communications system 100 may enable muiliple wireless users 1o access such content
through the sharing of system resources, including wireless bandwidth. For example, the communications
systerns 100 may employ one or more channel access methods, such as code division mulliple access
(CDMA), time division multiple access (TDMA), frequancy division multiple acesss (FDMA), orthogonal
FOMA (OFDMA), single-carrier FDMA {SC-FDMA), zero-tail unigue-word BFT-Spread OFDM (ZT UW
DTS-s OFDM), unique word OFDM (LW-OFDM), resource block-fillered OFDM, filter bank muiticarrer
{FBMC), and the like.
[0018]  Asshown in FIG. 1A, the communications system 100 may include wirelass fransmitfrecaive
units (WTRUs) 102a, 102b, 1020, 102d, a RAN 104/113, a CN 106/115, a public switched telsphone
network {(PSTN} 108, the Intsrnet 110, and other networks 112, though it will be appraciated that the
disciosed embodiments contemplate any number of WTRUs, base stations, networks, andfor network
slements. Each of the WTRUs 1023, 102b, 102c, 102d may be any type of devics configured to operais
4
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andfor communicate in a wirsless environment. By way of example, the WTRUs 1028, 102k, 102¢, 1024,
any of which may be referred to as a “sfation” andior 2 "5TA, may be configured to transmit andfor receive
wireless signals and may include a user equipment (UE), a mobile siation, a fixed or mobile subscriber unit,
& subsoription-based unil, a pager, a cellular telephone, a personal digital assistant (PDA), a smariphone, a
laptop, a netbook, a personal computer, a wireless sensor, a hotspol or Mi-Hi device, an intemet of Things
{loT) devics, a watch or other wearable, a head-mounted display (HMD), a vehicle, a drong, a medical
device and applications {s.g., remote surgery), an industrial device and applications (s.g., a robot andfor
othar wireless devices opsrating in an industrial and/or an automated procsssing chain contexts), a
consumer electronics device, a devics operaling on commercial andior industrial wireless networks, and
the like. Any of the WTRUs 102a, 102b, 102¢, and 102d may be inierchangeably referred to as a UE,
[0018]  The communications systems 100 may also include a base station 114a andfor a bass station
114b. Each of the base stations 1144, 114b may be any typs of device configured {o wirelessly interface
with at least one of the WTRUs 1024, 102b, 102¢, 102d to Tadilitate access to one of more communication
networks, such as the CN 108/115, the Intemeat 110, andlor the cther networks 112, By way of example,
tha base stations 114a, 114b may be a base transceiver station {BTS), a Node-E, an eNode B (eNE), a
Home Node B, a Home eNode B, a gNode B {gNB), a NR NodeB, a slie confroller, an access point {(AP), a
wireless router, and the liks, While the base stations 114a, 114b are each depicted as a singls slement, it
will be apprecialed that the base stations 1143, 114b may include any number of interconnected base
stations andfor network slements.
00201  The bass station 114a may be part of the RAN 104/113, which may also include cther base
stations andfor network elements {not shown), such as a base station controller (BSC), & radio network
controller (RNC), relay nodes, sic. The base station 114a and/or the bagse station 114b may be configurer
to transmit andfor reseive wirgless signals on ons or more carrier frequencies, which may bs referred fo as
a cell (not shown). These frequencies may be in licensed specirum, unlicensed spactrum, or a combination
of licensed and unlicensed spectrum. A cell may provide coverage for a wireless servics to a specific
gaographical area that may be relatively fixed or that may change over time. The cell may further bs
divided into cell ssclors. For example, the cell associated with the base station 114a may be divided info
three seotors, Thus, in one embodiment; the base stalion 114a may include thres iransceivers, i.e., one for
sach secior of the call, In an smbaodiment, the base station 114a may employ multiple-input muitiple output
(MIMO} technology and may utilize multiple transceivers for each secior of the cell. For example,
bsamforming may be used to fransmil andfor receive signals in desired spafial dirsctions.
00211  The base stations 1145, 114b may communicate with ons or more of the WTRUs 1023, 102b,

102¢, 102d over an air interface 116, which may be any suilable wireless communication link (e.g., radio
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frequency (RF), microwave, centimeler wave, micrometer wave, infrared {iR), uliraviolel (LV), visible light,
tc.). The air inferface 116 may be established using any suitable radio accsss fachnalogy (RAT).

00221  More specifically, as noted above, the communications system 100 may be a multiple acress
systern and may employ one or more channel access schemes, such as COMA, TDMA, FDMA, OFDMA,
SC-FOMA, and the like. For example, the base station 114a in the RAN 104/113 and the WTRUs 102z,
102b, 102c may implement a radio tachnology such as Universal Mobile Telecommunications Sysiem
{UMTS) Terrastrial Radio Access {UTRA), which may sstablish the alr interface 115/116/117 using
widsband COMA (WCOMA). WCDMA may include communication protosols such as High-Spaed Packet
Access (HSPA) andior Evolved HEPA (HSPA+), HSPA may include High-Speed Downlink (DL) Packst
Access (HSDPA) andior High-Speed UL Packet Access (HSUPA),
100231  In an embodiment, the base station 114a and the WTRUs 102a, 102b, 102¢c may implement a
radio technology such as Evolved UMTS Terrestrial Radio Access (E-UTRA], which may estabiish the air
interface 116 using Long Term Evolution (LTE) andior LTE-Advanced (LTE-A) andfor LTE-Advanced Pro
{LTE-A Pro).
100241  In an embodiment, the base station 114a and the WTRUs 102g, 102b, 102¢ may implement a
radio technology such as NR Radio Acesss , which may establish the air intarface 116 using New Radio
{(NR).
00281  In an embodiment, the base slation 114a and the WTRUs 102a, 1020, 102¢ may implement
muitipls radio acesss fechnologiss. For example, the base station 114a and the WTRUs 102a, 102b, 102¢
may implerment LTE radio access and NR radio access together, for instance using dual connectivity {DC)
principles. Thus, the air interface ulilized by WTRUs 1024, 102b, 102c may be characterized by muitiple
types of radio access technologies andfor transmissions sent foffrom multipls types of base stations {e.q.,
an eNB and a ghB).
[0028]  Inother embodiments, the base station 114a and the WTRUs 1023, 102b, 102¢ may implement
radio tachnoiogiss such as {EEE 80211 (ie., Wireless Fidelity (Wi}, IEEE 80218 (e, Worldwide
Interoperability for Microwave Access (WiMAX)), COMAZ000, CDMAZ2000 1X, COMA2000 EV-DO, Interim
Standard 2000 (1S-2000), inferim Standard 95 {18-95), interim Standard 856 {1S-856), Global System for
Mobile commumnications {GSM), Enhancad Data rates for GSM Evolution (EDGE}, GSM EDGE (GERAN],
and the lke.
(00271  The base station 114k in FIG. 1A may be a wirsless router, Home Node B, Home sNode B, or
access poind, for example, and may utilize any suitable RAT for facilitating wireless connactivily in a
lecalized arsa, such as a place of business, a home, & vehicle, a campus, an industrial facility, an air

corridor {e.q., for use by drones), a roadway, and the like. In one embodiment, the base sistion 114b and
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fhe WTRLIe 1020, 102d may implement a radio technology such as [EEE 802,11 fo establish a wireless
local area network (WLAN), In an embodimant, the base siafion 114b and the WTRUs 102¢, 102d may
implement a radio technology such as IEEE 802,15 {0 eslablish a wireless personal area natwork (WFPAN).
fn yet ancther smbodiment, the base station 114b and the WTRUs 102¢, 102d may utilize & cellular-based
RAT {e.g., WCDMA, CDMAZ000, G3M, LTE, LTE-A, LTE-A Pro, NR ele.} to establish a picocell or
ferntocell. As shown in FIG. 1A, the base station 114k may have a direct connection to the internst 110.
Thus, the base station 114b may not be required io acosss the Internat 110 via the CN 106/115,

[0028] The RAN 104/113 may be in communication with the CN 108/115, which may be any type of
network cordigured to provide voice, data, appiications, andfor voice over internet protocol (Voll) services
to one or more of the WTRUs 102a, 102b, 1020, 102d. The data may have varving qualily of service ((o8)
raquiremsnts, such as differing throughput requiremsnts, latency requirements, error tolarance
requirements, reliability requirements, data throughput requirements, mobility requirements, and the fike,
The CN 106/115 may provide call control, billing services, mobile location-based services, pre-paid calling,
Internat connestivity, video distribution, efo., andfor perform high-level security functions, such as user
authentication. Although not shown in FIG. 1A, it will be appreciated that the RAN 104/113 and/or the CN
1061115 may be in direct or indirest communication with other RANs that employ the same RAT as the
RAN 104/113 or a different RAT. For exampls, in addition 1o being connscted to the RAN 104/113, which
may be utilizing a NR radio tschnology, the CN 106/115 may also ba in communication with another RAN
{not shown) employing a GSM, UMTS, CDMA 2000, WIMAX, E-UTRA, or WiFi radio tschnology.

00221  The CN 108/115 may also serve as a gateway for the WTRUs 102a, 102k, 1020, 102d 1o access
the PSTN 108, the Internst 110, and/for the other networks 112, The FSTN 108 may include circuit-
switched telephone nelworks that provide plain old telephons service (POTS). The Internst 110 may
include a global system of interconnected computer networks and devicss that use common
communication protocols, such as the transmission control protocol {TCP), user datagram protocol {(UDP)
andfor the infernet protocol (IF) in the TCP/AP internet protocol suits. The networks 112 may includs wired
andfor wireless communications networks owned andfor operated by other service providers. For example,
the natworks 112 may include another CN connected to one or mors RANs, which may employ the same
RAT as the RAN 104/113 or a different RAT.

[030]  Soms or all of the WTRUs 102a, 102b, 1020, 102d in the communications system 100 may
include multi-mode capabilities {8.q., the WTRUs 102a, 102b, 102c, 102d may include multiple transceivers
for communicaling with different wireless networks over different wireless links). For example, the WTRU

102¢ shown in FIG, 1A may be configured fo communicate with the base station 114a, which may employ a
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cellular-based radio ischnology, and with the base station 114b, which may employ an [EEE 802 radio
technology.

00311  FIG. 1B is a system diagram illustrating an example WTRU 102, As shown in FIG. 18, the
WTRL 102 may include a processor 148, a fransceiver 120, & transmilireceive elemeni 122, a
speakarimicrophone 124, akeypad 176, a displayftouchpad 128, nonremovable memory 130, removable
memory 132, a power source 134, a globai positioning system (GPS) chipset 136, and/or other peripherals
138, among others, it will be appreciaied that the WTRU 162 may include any sub-combination of the
foregoing elemants while remaining consistent with an embodiment.

[0032]  The processor 118 may be a general purpose processor, a special purpose processor, a
conventional processor, a digital signal procassor {(DSP), a plurality of microprocessors, one or more
microprocessors in association with a DSP core, a coniroller, a microcontrofier, Application Specific

Integrated Circuits {ASICs}, Fisld Programmable Gate Arrg
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cireuit (IC), a slate machine, and the like. The processoer 118 may perform signal coding, data processing,
powar control, inputfoutput processing, andfor any other functionality that enables the WTRU 102 to
operale in a wireless environment, The processor 118 may be coupled to the transcsiver 120, which may
be coupled to the tranemifreceive element 122, While FIG. 18 depicis the processor 118 and the
fransceiver 120 as ssparate components, it will be appreciated that the procsssor 118 and the transceiver
120 may be integrated together in an electronic package or chip.

[0033]  The transmitireceive element 122 may be configured fo transmit signals to, of receive signais
from, a base station (8.9, the base station 114a} over the air interface 116. For exampls, in one
smbodiment, the transmitireceive element 122 may be an antenna configured {o transmit and/or receive
RF signals. In an embodiment, the transmitireceive element 122 may be an emitisr/detactor configured to
transmit andfor receive IR, UV, or visible light signals, for example. In yet another embodiment, the
transmitireceive elemant 122 may be configured to transmit and/or receive both RF and light signals, it will
be appreciated that the fransmit/receive element 122 may be configurad to transmit andfor recsive any
combination of wireless signals.

00341  Although the transmilfreceive slemsnt 122 is depicied in FIG. 1B as a single element, the WTRU
102 may include any number of ransmitireceive elements 122, More specifically, the WTRU 102 may

employ MIMO technology. Thus, in ong embadimaent, the WTRU 102 may inciuds two or more

fransmitfreceive slements 122 {e.q., muiliple antennas) Tor fransmitting and receiving wireless signals over

the air interface 116,
00357  The transcaivar 120 may be configurad to modulate the signais that are to be fransmittad by the
fransmilirecsive slement 122 and o demodulale the signals that are received by the fransmitireceive
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element 122, As noled above, the WTRU 102 may have mulli-mode capabiiities. Thus, the ransceiver 120
may include m
NR and IEEE 802,11, for example.

ultiple transcaivers for enabling the WTRU 102 {o communicate via multipls RATs, such as

[0038]  The processor 118 of the WTRU 102 may bs coupled {o, and may receive user input data from,
the speakerimicrophone 124, the keypad 126, andfor the display/touchpad 128 {e.g., a liquid crystal dispiay
{LCD) display unit or organic light-emitiing diods {OLED} display unit). The processor 118 may also oulput
user data 1o the speaker/microphone 124, the keypad 126, and/or the displayftouchpad 128, In addition,
tha processor 118 may access information from, and store data in, any typs of suitable memary, such as
tha non-removable memory 130 andfor the removable memory 132, The nonremovable memory 130 may
include random-access memory {(RAM), read-only memory (ROM), a hard digk, or any cther type of
memory storage device. The removable mamory 132 may include a subscriber identity module (SIM) card,
a memory stick, a securs digital (SD) memary card, and the iike. In other embodiments, the processor 118
may access information from, and store data in, memory thal is not physically located on the WTRU 102,
stich as on a server of a home computer {nof shown).

04371 The processor 118 may receive power from the power source 134, and may be configured to
distribute andfor contiol the power o the other components in the WTRU 102, The power source 134 may
be any suitable device for powering the WTRU 102, For exampis, the power source 134 may includs ons
or more dry celi batieries (e.q., nickel-cadmium {(NiCd}, nicksi-zinc (NiZn), nickel metal hydride (NiMH),
lithium-ion {Li-ion), elc.), solar cells, fuel cells, and the like,

[0038]  The processor 118 may also be coupled o the GPS chipset 136, which may be configurad fo
provide location information {e.g., longitude and latitude] regarding the current location of the WTRU 102,
in addifion fo, or in lieu of, the information from the GPS chipset 136, the WTRU 102 may recsive location
information over the air interface 116 from a base station (.., basa slations 1144, 114} andlor determine
its lonation based on the timing of the signals being received from two or more nearby base stations. |t will
be appreciated that the WTRU 102 may acquire location information by way of any suitable location-
determination method while remaining consistent with an embodiment.

00381  The processor 118 may further be coupled fo other peripherale 138, which may include one or
more softwars and/or hardware modules that provide additional features, functionality andfor wired or
wiraless connectivity, For example, the peripharals 138 may include an acceleromster, an e-compass, a
satellite iransceiver, a digital camera {(for pholographs andfor video), a universal serial bus (USE) port, a
vibration davice, a felevision transceivar, a hands free headsel, a Blustcoth® module, a frequency
modulated {FM) radio unit, a digital music player, a madia player, a videc gams player moduie, an Intermnet

browser, a Virtual Reality and/or Augmented Reality (VR/IAR) devics, an activity tracker, and the like. The
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peripherals 138 may include one or more sensors, the sensors may be one or more of & gyroscops, an
accelerometsr, a hall effect sensor, a magnetometer, an orientation sensor, a proximity sensor, a
temperature sensor, a time sensor; a geolocation sensor; an altimeter, a light sensor, a touch sensor, a
magnetomeisr, a barometer, a gesture sensor, a biomeidric sensor, andior a humidity sensor.
[0048]  The WTRU 102 may include a full duplex radio for which transmission and reception of some or
alt of the signals (e.g., associated with particular subframes for both the UL (e.g., for transmission) and
downlink {e.g., for reception) may be concurrent andfor simultaneous. The full duplex radio may include an
interference management unit to reduce and or substantially dliminate self-interference via either hardware
{e.q., a choke) or signal processing via a processor (.., a separate processor {not shown) or via
processor 118}, In an embodiment, the WRTU 102 may include & half-duplex radic for which transmission
and recaption of some or ali of the signals (e.g., associated with particular subframes for efther the UL
{e.q., for transmission) or the downiink {e.g., ior reception}).
(00411 FIG. 1C is a system diagram Hiusirating the RAN 104 and the CN 1086 according to an
embodiment. As noted above, the RAN 104 may employ an E-UTRA radio technology to communicate with
the WTRUs 102a, 1020, 102¢ over the air interface 116, The RAN 104 may also be in commurnication with
the CN 106.
00421  The RAN 104 may include eNode-Bs 1603, 160b, 160¢, though it will bs appreciated that the
RAN 104 may include any number of eNode-Bs while remaining consistent with an embodiment. The
eNode-Bs 160a, 160b, 160c may each include one or more transceivers for communicating with the
WTRUs 102a, 102b, 102¢ over the air interface 116, in ons embodiment, the eNode-Bs 160a, 160k, 160c
may implement MIMO ischnology. Thus, the eNode-B 16804, for example, may use muiliple antennas i
transmit wirelsss signals fo, and/or receive wirsless signals from, the WTRU 102a.
[0043]  Each of the eNode-Bs 160a, 160t, 160c may be associated with a particular cell {not shown)
and may be configured fo handle radio resource management decisions, handover decisions, schaduling of
users in the UL andior BL, and the like, As shown in FIG, 1C, the eNode-Bs 160a, 160b, 160c may
comminicate with one another over an X2 interfacs,
[0044]  The CN 106 shown in FIG. 1C may include a mobility management enlity (MME) 162, a serving
gateway (SGW) 164, and a packet data network (PDN) gateway {or PGW) 168. While each of the
foragoing elements is depicted as part of the CN 106, it will be appreciated that any of these slements may
be owned and/or operated by an entity other than the CON operator.
(00451  The MME 162 may be connacted to sach of the ehiode-Bs 1603, 160b, 160¢ in the RAN 104 via
an S1 interface and may serve as a conirol node. For example, the MME 162 may be responsible for
authenticating users of the WTRUs 1023, 102b, 1020, bearer activation/deactivation, selecting a parlicular
_40-
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serving gateway during an initial attach of the WTRUs 1023, 102b, 102¢, and the like. The MME 162 may
provide a conirel plane function for swifching between the RAN 104 and other RANg {not shown) that
employ other radio technologies, such as GSM andfor WCDMA

[0048]  The SGW 184 may be connected to sach of the eNode Bs 1604, 160b, 160¢ in the RAN 104 via
the &1 interface. The SGW 164 may generally route and forward user data packets toffrom the WTRUs
1023, 10Zb, 102c. The SGW 164 may parform other functions, such as anchoring user planas during inter-
eNods B handovers, triggering paging when DL data is available for the WTRUs 1028, 102h, 102¢,
managing and storing contextis of the WTRUs 102a, 102b, 102¢, and the liks.

(00471  The SGW 184 may be connecied o the PGW 168, which may provide the WTRUs 102g, 102b,
102¢ with access to packst-switched networks, such as the Intarnet 110, to facilitate communications
betwaen the WTRUs 102a, 102b, 102c and {P-enabled devicss.

[0048]  The CN 106 may facilitals communications with othar networks. For example, the CN 106 may
provide the WTRUs 102a, 102b, 102¢ with access fo circuit-switched networks, such as the PSTN 108, {o
facilitate communications between the WTRUs 1023, 102b, 1020 and traditional land-line communications
devices. For example, the CN 106 may include, or may communicate with, an iP gafeway {e.g., an iP
multimedia subsystem {IM3) server) that serves as an inferface betwsen the CN 106 and the PSTN 108. In
addition, the CN 106 may provide the WTRUs 102a, 102b, 102¢ with access to the other networks 112,
which may include other wired andior wireless networks that are owned and/or operaled by other servics
providers,

[0G48]  Although the WTRU is describad in FIGS, 1A-1D as a wireless terminal, i is conternplated that in
certain representalive embodiments that such a terminal may uss {(e.g., temporarily o permanently} wired
communication interfaces with the communisation network.

[0G50)  In representative embodiments, the other network 112 may be a WLAN,

[0051] A WLANin infrastructure Basic Service Sef {BSS} mode may have an Accass Point {AP) for the

S8 and one or more stations (STAS) associated with the AP. The AP may have an acoess or an interface

to a Distribution System (DS or another type of wiredfwireless network that carries iraffic in to andfor out of
the BSS. Traffic to STAgs that originates from oulside the BSS may arrive through the AP and may be
delivered to the STAs. Traffic originating from STAs to dastinations outside the B5S may be sent to the AP
to be delivered to respective destinations. Traffic between STAs within the BSS may be sent through the
AP, for example, where the source STA may send traffic fo the AP and the AP may deliver the traffic fo the
dastination STA, The traffic batween STAs within a BSS may be considered andfor referred o as pear-io-
paer iraffic. The peer-to-peer traffic may be sent betwean (s.g., directly between) the source and
destination STAs with a direct link setup (DLS). In ceriain representative embodiments, the DLS may use
T
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an 802,116 DLS or an 802. 11z unneled DLS (TOLS). A WLAN using an Independent BSS (IBSS) mode
may not have an AP, and the STAg {e.q., all of the STAS) within or using the IBSS may communicate
directly with sach other, The IBSS mode of communication may somelimes be referred to herein as an “ad-
hoc” mode of communication

{06521  When using the 802.11ac infrastructure mods of operation or a similar mode of cperations, the
AP may transmit a beacon on a fixad channel, such as a primary channel. The primary channal may be &
fixed width (e.g., 20 MHz wide bandwidth) or a dynamically set widlh via signaling. The primary channel
may be the operating channs! of the BSS and may be used by the STAs {o establish a connection with the
AP, In certain reprasentative embodirments, Carrier Sense Muitiple Access with Collision Avoidance
(CSMAJCA) may be implemented, for example in in 802,11 syslems. For CSMAICA, the STAs (e.q., every
STA), including the AP, may sense the primary channel, If the primary channel is sensedfdstacted andfor
determined ic be busy by a particular STA, the particular STA may back off. One STA {e.g., only one
station) may fransmit at any given time in a given BSS,

{66831  High Throughput (HT) STAs may use a 40 MHz wide channel for communication, for example,
via a combination of the primary 20 MHz channel with an adiacent or nonadjacent 20 MKz channel io form
& 40 MHz wide channsl.

[0054]  Very High Throughput (VHT) STAs may support 20MHz, 40 MHz, 80 MHz, andfor 160 MHz wide
channels. The 40 MHz, andior 80 MHz, channels may be formed by combining contiguous 20 MHz
channels, A 160 MHz channel may be formed by combining 8 contiguous 20 MHz channels, or by
combining two non-contiguous 80 MHz channels, which may be referred to as an 80+80 configuration. For
tha 80+80 configuration, the data, afer channel encoding, may be passed through a segment parser that
may divide the data into two streams. inverss Fast Fourier Transform {FFT) processing, and time domain
processing, may be done on each stream separately. The streams may be mapped on to the two 80 MHz
channels, and the data may be transmilted by a transmitting STA. At the receiver of the raceiving STA, the
sbove described operation for the 80+80 configuration may be reversed, and the combined data may be
sent fo the Medium Accass Coniral (MAC).

[00585]  Sub 1 GHz modes of operation are supporied by 802.11af and 802.11ah. The channel operating
bandwidthe, and carriers, are reduced in 802.11af and 802.11ah relative to those used in 802.11n, and
802.11ac. 802 11af supports 5 MHz, 10 MHz and 20 MHz bandwidths in the TV White Space (TVWS)
spactrum, and 802.11ah supporis 1 MHz, 2 MHz, 4 MHz, 8 MHz, and 16 MHz bandwidths using non-
TVWS spectrum. According to a reprasentative embodiment, 802.11ah may support Meter Typs

s -

ControliMachine-Typs Communications, such as MTC davices in a macro coverage area. MTC devices

may have certain capabilities, for example, limited capabilities including support for (2.g., only support for)

S92
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certain andfor limited handwidihs. The MTC devices may include a battery with a battery e sbove &
thrashold (e.q., to maintain a very long battery life}.

[0056] WLAN systems, which may support multipls channels, and channe! bandwidths, such as
802.11n, 802, 11ac, 802,114, and 802, 11ah, include a channel which may be designated as the primary
channal. The primary channel may have a bandwidth equal to the largest common operating bandwidth
supportad by all STAs in the BSS. The bandwidth of the primary channs! may ba sst andfor limited by a
STA, from among all STAs in operating in a BSS, which supports the smallest bandwidih operating mode.
in the example of 802, 11ah, the primary channel may be 1 MHz wide for STAs {e.g., MTC type davices)
that support {e.g., only support) a 1 MHz mode, even if the AP, and other 8TAs in the BSS support 2 MHz,
4 MHz, 8 MHz, 16 MHz, andfor other channel bandwidth operaling modes. Carrier sensing andior Network
Allocation Vector (NAV) settings may depend on the status of the primary channel. if the primary channel is
busy, for example, due {o a STA {which supports only a 1 MHz operating mode}, iransmitling to the AP, the
entire available frequency bands may be considered busy even though & majorily of the frequency bands
remains idle and may be available.

{06571 In the United States, the avaiiable frequency bands, which may be used by 802.11ah, are from
402 MHz to 928 MHz. In Korea, the available frequency bands are from 917.5 MHz 0 823.5 MHz. In
Japan, the avaiiable frequency bands are from 918.5 MHz to 927.5 MHz, The total bandwidth available for
802.11ah is 6 MHz to 26 MHz depending on the country code.

[00588] FIG. 1D is a system diagram iiustrating the RAN 113 and the CN 115 according fo an
smbodiment. As noted above, the RAN 113 may smploy an NR radio technology to communicate with the
WTRUs 1028, 102b, 102¢ over the air interface 116, The RAN 113 may alsc be in communication with the
CN 118,

[0058]  The RAN 113 may include gNBs 180a, 180b, 180¢, though it will be appreciated that the RAN
113 may include any number of gNBs while remaining consistent with an embodiment. The gNBs 180a,
180, 180¢ may each includs ons or more transcsivers for communicating with the WTRUs 1023, 102b,
1072¢ over the alr interface 116, In ons embodiment, the gNBs 180a, 180b, 180¢ may implament MIMOC
technology. For example, gNBs 180a, 108b may utilize beamforming fo fransmit signals fo and/or recsive
signals from the gNBs 180a, 180b, 180c. Thus, the gNB 180s, for example, may use multiple antennas fo
fransmit wireless signals to, andfor receive wirelsss signals from, the WTRU 102a. In an embodiment, the
gNBs 180, 180k, 180c may implement carrier aggregation fechnology. For example, the gNB 180a may
transmit multipls component carriers to the WTRU 102a {not shown). A subset of these component carriers
may be on unlicensad spectrum whils the remaining component carriers may be on licensed specirum. in

an embodiment, the ghNBs 180a, 1800, 180¢ may implement Coordinatad Multi-Point (CoMP) technology.
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For example, WTRU 102a may recsive coordinaled iransmissions from gNB 180a and ghNB 180b {andfor
gNB 180c).

[0080] The WTRUs 102, 102b, 102¢ may commuricate with gNEs 180a, 180, 180¢c using
fransmissions associated with a scalable numerclogy. For example, the OFDM symbol spacing andfor
OFDM subcarrier spacing may vary for different transmissions, different cells, and/or different portions of
the wireless transmission specirum, The WTRUs 1023, 102b, 1020 may communicate with gNBs 180a,
180b, 180c using subframe or transmission time intervals (TT1s) of various or scalable lengths (e.g.,
containing varying number of OFDM symbols andlor lasting varying lengths of absclute time).

[0G81]  The ghBs 180a, 180k, 180c may be configurad to communicate with the WTRUs 1023, 102b,
102¢ in a standalone configuration and/or a non-standalone configuration. In the standalone configuration,
WTRUs 1028, 102b, 102¢ may communicate with gNEs 180a, 180b, 180c without also accassing other
RANs (s.g., such as eNode-Hs 160a, 160h, 1602). In the standalone corfiguration, WTRUs 102a, 102h,
102¢ may ulilize one or more of gNBs 180a, 180b, 180c as a mobility anchor point. in the standalone
configuration, WTRUs 1022, 102b, 102¢ may communicate with gNEs 180a, 180b, 180c using signals in an
urlicensed band. in a non-standalone configuration WTRUs 102a, 102b, 102¢ may communicate
with/connect to gNBs 180a, 180b, 180c while also communicaling with/connacting to another RAN such as
eNods-Bs 160z, 160b, 160c. For example, WTRUs 1023, 102b, 102c may implemesnt DC principles to
communicate with ons or more gNBs 180a, 180b, 180c and ons or more eNode-Bs 160a, 160b, 1600
substantially simultaneously. in the non-standalone configuration, eNode-Bs 160a, 160b, 160¢ may serve
as a mobility anchor for WTRUs 102a, 102b, 102¢ and gNBs 1804, 180h, 180¢ may provids additional
coverage and/or throughput for servicing WTRUs 102a, 102b, 102¢.

[0062]  FEach of the gNBs 1805, 180b, 180c may be associated with a particular cell {not shown) and
may be configured to handis radio resource management decisions, handover decisions, scheduling of
users in the UL andfor DL, support of network slicing, dual connectivity, interworking betwesn NR and E-
LUTRA, routing of user plane dafa iowards User Plane Function (UPF) 1844, 184b, routing of control plane
information towards Access and Mobility Management Function (AMF) 1823, 182b and ths like. As shown
in FIG. 1D, the gNBs 180a, 180b, 180c may communicaie with one another over an Xn interface.

00831  The CN 1158 shown in FIG. 1D may include at least ons AMF 182a, 182b, al least one UPE
184a,184b, at lsast one Session Management Function (SMF) 183a, 183b, and possibly a Data Network
(DN} 1853, 188h, While each of the foregoing slements are depicied as pari of the CN 115, H will be
appreciated that any of these elements may be cwned and/or opsrated by an entity other than the CN

operator.
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[0064]  The AMF 1873, 182b may be connected to one or more of the gNBs 180a, 180b, 180¢ in the
RAN 113 via an N2 interface and may serve as a control node. For example, the AMF 1823, 182b may bs
responsible for suthenticating users of the WTRUs 1023, 102Zb, 102¢, support for network slicing {e.g.,
handling of differeni PDU sessions with different requirements), selecting a particuiar SMF 1834, 183b,
management of the registration area, termination of NAS signaling, mobility management, and the like,
Network slicing may be used by the AMF 182a, 182k in order to customize CN support for WTRUs 1023,
102b, 102¢ based on the types of services being ulilized WTRUs 1023, 102b, 102¢. For example, different
natwork slices may be establiched for different use casss such as sarvices relying on ultra-reliable low
latency {URLLC) access, services relying on enhanced massive mobile broadband (eMBE) access,
servioss for maching type communication (MTC) acosss, andior the fike. The AMF 162 may provide a
control plane function for switching between the RAN 113 and other RANs {not shown) that employ other
radio tachnologies, such as LTE, LTE-A, LTE-A Pro, andior non-3GPP access technologies such as Wik,
[0085]  The SMF 183a, 183b may be connectad lo an AMF 1823, 182b in the CN 115 via an N11
interface. The SMF 183a, 183b may also be connectad to a UPF 1845, 184L in the CN 115 via an N4
interface. The SMF 183a, 183b may select and control the UPF 1843, 184b and configurs the routing of
fraffic through the UPF 1844, 184b. The SMF 183a, 183b may perform other functions, such as managing
and alosating UE 1P address, managing PDU sassions, controlling policy enforcemant and Qo8, providing
downlink data notifications, and the iike. A PDU session type may be [P-based, non-iFF based, Ethernet-
based, and the like.

[6068]  The UPF 1843, 184b may be connected {o ons or more of the gNBs 1803, 180b, 180cin the
RAN 113 via an N3 interface, which may provide the WTRUs 102a, 102b, 102c with access 1o packet-
swilched networks, such as the internet 110, to facilitate communications between the WTRUs 1028, 102b,
102¢ and [P-enablad devices. The UPF 184, 184b may psriorm other functions, such as routing and
forwarding packets, enforcing user plane policies, supporling multi-homed FDU sessions, handling user
plane QoS, buffering downlink packsls, providing mobility anchoring, and the like,

100671  The CN 115 may facilitats communications with other networks. For example, the CN 115 may
include, of may communicate with, an IF gateway (e.g., an IP mullimedia subsystern {IMS) server) that

AL

serves as an intarface belwesn the CN 115 and the PSTN 108. In addition, the CN 115 may provids the
WTRUs 102a, 102b, 102¢ with access {o the other natworks 112, which may include other wired andfor
wireless networks that ars owned andfor operated by other service providers. In one smbodiment, the
WTRUs 1023, 102b, 102¢ may be connected {0 & local Data Network {DN) 1853, 185b through the UPF
1844, 184b via the N3 interface to the UPF 184a, 184k and an N§ interface hetwaen the UPF 1844, 184b

and the DN 1854, 185h.
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[0068]  Inview of FIGs. 1A-10, and the corresponding description of FIGs. 1A-1D, one or more, or all, of
the functions dasoribed herein with regard to cne or more of WTRU 1(2a-d, Base Siation 114a-b, eNoda-
B 160a-c, MME 162, SGW 164, PGW 186, gNB 180a-c, AMF 182a-b, UPF 184a-b, SMF 183a-b, DN 185a-
b, andfor any other davice(s) described herain, may be performed by one or more emulation devicss {not
shown). The emulation devices may be one or more devices configured {0 emulate one or more, or all, of
the functions described herein, For example, the emulation devices may be used to test other devices
and/or to simulale network andfor WTRU functions.

100681 The emulation devices may be designed to implement one or more tests of other devices in a lab
environment andfor in an operator nefwork environmeant, For example, the one or mors smulation devices
may perform the one or more, or all, functions while being fully or partially implemented andior deployed as
part of a wired and/or wirgless communication network in order to test other devicas within the
communication network. The one or more emulation devices may perform the one or more, or all, functions
while being lemporarily implementedideployed as pari of a wired andior wireless communicalion network,
The emulation devics may be directly coupled to another device for purposes of testing andior may
performing testing using over-the-air wireless communications.

i

not being implementedidepioyed as part of a wired andfor wireless communication network, For example,

00701 The one or more emulation devices may perforr

e one or morg, including all, functions while

the emulation devices may be utilized in a festing scenario in a testing laboratory andfor a non-deployed
{e.q., tesling) wired andior wireless communication nefwork in order to implement tesfing of one or more
components. The one or more emulation devices may be test squipment, Direct RF coupling andfor
wireless communications via RF cirouitry (8.g., which may include ons or more antennas) may be used by
the emulation devices fo ransmit andfor receive data.

[0071]  Systems and methods ars described herein for handling connection rejects via a wireless
transmitireceive unit (NTRUMo-WTRU (LU2U) relay associated with backoff times on behalf of a source
end WTRU. A relay WTRU may retry {o establish connection with a target WTRU on behalf of a sourc
WTRU, for example, based on raceiving a rejection (e.g., with a backoff vaiug) from the target WTRU. The
source WTRU may assodiate the reject message o the target WTRU, and the relay WTRU may be
available to reach other target WTRUs. The relay WTRU may send a raject message io other source
WTRUs {e.g., if the back off duration is active, running) for the same target WTRU.

00721  Avrelay WTRU may relry connection establishment with a target WTRU on behalf of a source
WTRLL For example, the relay WTRU may receive a first rejaction message from the target WTRU. The
first rejection message may be associated with a first direct communication request {DCR) fransmission or

a first link medification request (LMR) transmission. The first rejection message may indicate congestion.
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The first rejeclion message may indicale a rejection cause valus, The first rejection message may indicate
a back off value. The first DCR or first LMR may be associaled with the source WTRU. The relay WTRU
may determing a number of refransmissions associated with the source WTRU {e.g., number of
retransmissions associated with the request to establish connection). The WTRU may send a second
rejection massage fo the source WTRU. The second rejection message may be sent basad on whether the
number of retransmissions associated with the source WTRU is below a threshold {e.g., maximum number
of allowed refransmissions). The second rejeclion message o the source WTRU may indicate whether the
ralay WTRU will {e.q., atempt t0) make one or more refransmission attempts on behalf of the source
WIRU. The second rejsclion message may indicate the number of retransmission atiempts,

[0073]  Forexample, if the number of refransmission atternpls associated wilh the source WTRU is
balow the threshold, the relay WTRU will perform one or mare of the following. The relay WTRU may track
& duration associated with a back off value (e.g., indicaled by the first rejection message}. The relay WTRU
may include in the second rejection message {0 the souwrce WTRU, and indication that the relay WTRU will
{e.g., atlempt Io) make refransmission altempts on behalf of the source WTRU. The relay WTRU may
send, to the target WTRY, a second DCRALMR transmission {e.q., based on a determination that the back
off value has elapsed) on behalf of the source WTRU, For example, if the number of retransmission
attermpts is greater than or equal to the threshold, the relay WTRU may determine to abort direct link
establishment, The second rejaction message may indicate identification information associated with the
target WTRLL The second rejection message may indicste that a maximum number of retries has been
reached.

[0674]  Arslay WTRU may send a rejection message io a source WTRU without attempting to establish
connection with a target WTRU, for example, if the relay WTRU has aiready received a rejection for a
different source WTRU with the farget WTRU. The WTRU may raceive a first messags from a target
WTRLL The first message may indicate a rejection assodiatad with a first request o establish a first
connection betwaen a first source WTRU and the larget WTRU. The first message may indicats & back off
valug associated with the target WTRU, The relay WTRU may recsive a second massage from a second
source WTRU. Tha sscond message may be associated with a second request {o sstablish a sscond
connection between the second source WTRU and the targel WTRU using the relay WTRU. The relay
WTRU may sand a third message fo the sscond source WTRU indicating that the targef WTRU has
rejocted the first requast to establish the first connection betwsen the first source WTRU and the target
WTRL. The third message may indicale a cause value (8., thal indicates that the targel WTRU has
previously rejected the request to estabiish the first connection between the first source WTRU and the

target WTRU), The relay WTRU may send the third massage, for example, without attempting io make the
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establishment with the targel WTRU (2.9, because the relay WTRU already received a rejection for the
first source WTRU and the target WTRLU). The relay WTRU may determing that a duration associated with
the back cff value has expired. The WTRU may {(2.g., based on the determination that the duration
associated with the back off value has expired) send a fourth message fo the target WTRU., The fourth
massage may be assoociated with one or more of the first request o establish the first connection betwesn
tha first source WTRYU and the target WTRU or the second requsst to establish the second connection
between the second scurcs WTRU and the target WTRU. The fourlh message may be seni, for example,
bassd on a determination that a number of retransmissions associated with the connection establishmeant
with the target WTRU is below a threshold. The retay WTRU may determine the number of
retransmissions. The relay WTRU may recsive a fiflh message from the larget WTRU that indicates that
the second request to establish the second connection bstwean the second source WTRU and the target
WTRU is rejected. The relay WTRU may determine (e.q., based on the fifth message] that a number of
relransmissions associated with connection establishment with the fargst WTRU is equdl {o or grealer than
a thrashold. The relay WTRU may {&.¢., based on the determination that the number of refransmissions
associated with connection establishment with the target WTRU is equal to or greater than the threshold)
send a reject messags o the second source WTRU asscoiated with a pending link establishment
connection request,

[00758]  The WTRU may send a connection establishment requast to the target WTRLUL The connaction
establishment request may be a DCR or an LMR. A WTRU may recsive a back-off vaiue associated with a
connection sstablishment rejection associated with a target WTRU, The back off value associated with the
connection establishment rejection may be received in response to the sent connection establishmant
requast. The WTRU may receive & first message thal indicates that the WTRU is to retry connsction
establishmant with the target WTRU. The first message may indicate a value associated with & waiting
pariod duration. The WTRU may track a duration associated with the back off value. The tracking of the
duration may be initiated based on a reception of a third message from the target WTRU. The tracking of
the duration may be initlated based on a determination that the waiting period duration has expired. The
WTRU may determine fo refry connection establishment with the target WTRU. The determination to retry
connection establishment with the target WTRU may be based on receiving a third message from the
target WTRU indicating to refry connection sstablishment. The determination {o retry connaciion
establishment with the target WTRU may be based on a determination that the duration associated with the
back off value has expired. In examples, the WTRU may be arelay WIRU. For arelay WTRU, the
connection establishment rejection may be asscciated with a first source WTRUL The relay WTRU may

{e.g., based on recaption of the reject message) send a msssage to the source WTRU that indicates the
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farget WTRU has requested to wait. The relay WTRU may attempt o eslabiish conneclion belween the
sourcs WTRU and the target WTRU,

[0076] Avrelay (8.9, UZU relay) may retry, for exampls, if (e.g., when} it receives a reject message with
a hackoff ime on behalf of the source end WTRU, The U2U relay may he provisioned with (e.q., receive
configuration information indicating) an RSC. The REC may indicate support for "managed peer connection
faifure handling.” The U2U relay may receive a direct communication request (DCR} or link modification
reguest (LMR) from a source WTRU fo esigblish conneciivity via the relay. The request may specify
whather the U2U relay may handle a congestion condition retry procedure, for example, on bshaif of the
source WTRU {e.g., by including “managed failure by source WTRL or “managed failure by relay”). The
U2U relay may send a DCR or LMR to a target WTRU. The U2U relay may receive a DC reject or link
modification rejsct messags from the target WTRU, for example, with acode (g.g., #5 or #13) and 2
backoff time. The U2U relay may send a message {o the source WTRU, for example, indicating that i may
be waiting for the backoff interval and performing a number of retries on behalf of the source WTRU, For
example, the U2U relay may send a DCRejectlMReject to the source end WTRU. The

DCRalectt MRejact may include a cads {e.g., new code) that may indicate the cause “Congestion Situation
at target WTRU and Relay is Refrying” and & retry valus {e.g., retry count andfor retry fime). The
DCRejectt MReject may be a messags typs “DCR Wait” or “Link Modification Wait.” The U2U relay may

send a DC Rejact or a Link Modification Reject to the source WTRU with a code indicating the cause “Retry

Unsuccesshul,” for example, if the PCS5 link establishiment between the U2U relay and the farget WTRU

may be unsuccessil. The Source WTRU may determine whether to wail or not {o establish connectivity.
The source end WTRU may receive a message indicating "Congestion Situiation at target WTRU and refry”
The source end WTRU may incregse the retransrnission fme for the DCR or stop it {e.g., because the
Realay handles the refries), for example, basad on receiving the message. The source end WTRU may
{2.g., alternatively) cancs! {e.g., determine to cancel} the link sstablishment procedure via the relay, for
example, by sending a Link Release Request or PCS-5 message {e.g.,, DCCancelMCancel). The Relay
receiving the message {e.g., Link Release Raquest or PC5-§ massage) may sel iis refry value {e.g., relry
counier} to O and ignore a (e.g., any) reply from the target end WTRU related {0 the link sstablishmentfiink
modification procedure,

00771 Direct communication (e.g., ProSe Direct Communication) may be established.

{00781  FIGs. 2 and 3 illustrate example proceduras for communication {e.g., 5G ProSe cormmunication)
via a WTRU-o-WTRU (U2U) relay (e.q., 8G WTRU-lo-WTRU relay). in examples, a source end-WTRU
may discover a target WTRU. The target WTRU may sstablich connactivity with the U2U relay or may

maodify a link (2.g., existing link) with the U2U rslay, for example, through a Direct Communication Reguest
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(DCR} or a Link Modification Request (LMR). The U2U relay may esiabiish connecivity wilh the targel end
WTRL, for example, through 2 DCR or an LMR. The U2U relay may be associated with multiple (e.g., two}
direct finks (e.g., 5G ProSe direct links), for example, one with the source WTRU and the cther with the
target WTRLY, for example, if {8.q., once) successiul (8.g., during the courss of the commiunication
between the Sourcs End WTRU and the Target WTRU},
(0679 FIG 2 lilustrates an example of FroSe communication via a ProSe Layer-3 WTRU-to-WTRU
relay. FIG. 3 illustrates an exampie of ProSe communication via a ProSe Layer-2 WTRU-to-WTRU Relay.
{0080 The PC5 link betwaen the source ProSe End WTRU and the ProSe WTRU-io-WTRU Relay may
ba shared for multiple target FroSe End WTRUs (e.g., in the case of one source ProSe End WTRU
comminicating with multiple targst ProSe End WTRUs). The PCS links may be establiched (e.g.,
individually) between the ProSe WTRU-lo-WTRU Relay and targat ProSe End WTRUs. The Layer-2 link
modification procedure may be used, for example, for tha shared PGS link,
[0081]  Amessage (e.g., PROSE DIRECT LINK ESTABLISHMENT REJECT/PROSE DIRECT LINK
MODIFICATION REJECT massage) may include an information element {g.q., PGS signaling protocol
cause information element (IE)) set o a value (8.g., #13 congestion siluation). This may occur in cases
where the DCR or LMR faile. The rejection message may include a cause value {e.g., #13 congsstion
situation), for exampls, if (e.g., whan) a BCR or LMR is rejected {e.q., through a PROSE DIRECT LINK
STABLISHMENT REJECT/PROSE DIRECT LINK MODIFICATION REJECT messags).
00821 The Targst WTRU may provide a back-off valus (e.q., a timer valug} to the inttiating WTRUin a
message (e.g., the PROSE DIRECT LINK ESTABLISHMENT REJECT message). The targel WTRU may
refrain from accepling a {e.g., any) ProSe direct link establishment request for relaying, for example, if the
back-off value (8.9, via a timer) for NAS level mobility management congestion control is active {e.g.,
running).
[00831  The target WTRU may send a message {e.g., PROSE DIRECT LINK MODIFICATION REJECT
massage). The messags may be sent via signaling. The message may indicate a cause value {e.g., with
PCS signaling profocol causs value #5 "lack of resources for 5G ProSe direct fink"). The target WTRU may
send a message (8.9, PROSE DIRECT LINK MODIFICATION REJECT message), for example, if the 5G
ProSe dirsct link modification fails (e.q., dus to congestion problems or other temporary lower layer
probiems causing resource consirainis),
[0084] ProSe Direct Link Release may be performed andlfor providad.
00851 An{s.g., sither) end WTRU of the communication may release a link. Arequest (e.g., PROSE
DIRECT LINK RELEASE REQUEST) may include an {E value indicaling the cause, ., #13 congestion
siuation. The end WTRU may trigger WTRU-to-Network relay reselection, for example, if the end WTRU of
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the cornmunication releases a link. The end WTRU may trigger WTRU-to-network relay reselection, for
example, if there is a request {e.g., PROSE DIRECT LINK RELEASE REQUEST or PROSE DIRECT LINK
RELEASE REQUEST) with & cause IE value.

[0088] A source WTRU may establish connectivity to a targel WTRU via g U2U relay, The U2U relay
may forward a rejection back 1o the source WTRU, for examgle, if the target WTRU rejects the PCS link
establishment or modification. The source WTRU may choose whether to reestablish connectivity or
reselect a U2U relay andfor a target WTRLU,

{00871 The target WTRU may indicate the reason for the rejection {e.q., in the PC5 link
establishment/medification reject message 13, #5)). The valuss may be ignored {e.g., may not be taken
into consideration) i {e.g., when) handling reject messages (e.g., DCRALMR) af the WTRU-to-WTRU relay
or source WTRU, The WTRU-to-WTRU relay or source WTRU handling may be refrainad from being
describad {8.g., not be desoribad), for example, if a reject cause valus {e.g., which may provide a backoff
fime {6.g., #5, #13)) is received at the WTRU-to-WTRU relay or source WTRU,

100881 The U2U relay may assist in the handling of the reject messages to improve the overall
performance, for exampie, if the reject message and its payload (e.g., cause IE values) are available o the
U2l relay.

00881 In scenarios where the target WTRU shares a {e.g., single} PC5 link fowards the UZU relay,
communicating with one or more source WTRUs may be taken inlo consideration, For example, scenarios
whare cne or more target WTRUs communicate with the same source WTRU via the same U2U Relay
{.q., the PCE link betwaen the U2U Relay and the source WTRU is shared) may be iaken into
congideration,

(0090 Handiing Direct Communication and Link Modification Reject messages may includs one or more
of the following scenarios: a U2U relay may atternpt o re-astablish connectivity on behaif of the Source
WTRU, a U2U relay may inform the source WTRL about the reject message and the cause valus received

from the Target WTRU {e.g., while being immediately available for handiing any other messages); a U2U

relay may handle {e.g., all} incoming requasts from multiple Source WTRUs; slc,

0091 Avrelay may relry on behalf of the source end WTRLL A relay may retry, for example, based on
{e.g., whan} receiving a rejsct with a backoft time (e.q., timer), on behalf of the source End WTRU.

00021 FIG. 4illustrates an example fiow for enabling a U2U relay to handle DC/LM Reject messages
and retry on behalf of the source WTRU, As shown in FIG, 4, the relay may refry based on (8.9., when)
receiving a Reject with a backoff time {e.g., a timer) on behaif of a source End WTRU. One or mors of the

following may describe the actions as shown in FIG. 4 and other for example and oplional procedures.

-21-



WO 2024/211495 PCT/US2024/022958

[0093] Asshown at 400 in FIG. 4, a U2U Relay may be provisioned with & relay service code (RSC).
Tha REC may indicate its support for 'managed peer connection failure handling”.
100841 Asshown at 410 in FIG, 4, service authorization and provisioning may be performed for a source
end WTRU (e.g., source ProSe End WTRU), a target end WTRU {e.q., ProSe End WTRU), andfor &
WTRU-to-WTRU relay {8.g., ProSe WTRU-to-WTRU Relay}. The sourcs ProSe End WTRU may perform
discovery of a ProSe WTRU-to-WTRU Relay, The End WTRUs and Relay may be provisioned with an
RSC with an indication of support for "managed peer connection failure handling.” For example, the U2U
Relay may provide this RSC to manage the recovery of connection failure with the Target WTRU on behalf
of the Source WTRU {e.q., in case of congastion at the Target WTRU),
[0028]  Asshown at 420 in FIG. 4, the source WTRU may decids whather to use an existing PC5 link
towards the U2U relay WTRU. An LMR may be sent fo the U2U relay, for example, if an existing PCH link
may be chosen. A DCR may be sent io the U2U relay (s.g., otherwise). The source WTRU may spedify if
the U2U relay may relry on behalf of the source WTRU, e.g., by including "managed failure by souice
WIRU or “managed faiiure by Relay” andfor one or more of the following: the {e.g., maximum) number of
retries the U2U relay may perform; the {8.g., maximum) time it may be willing tc wait; efc. These valuss
may be negotiated between the Source WTRU and Relay, for exampie, during PCE fink
sstablishment/madification.
[0088] Asshown al 430 in FIG. 4, the U2U relay may decide whether fo use an existing PC5 link
towards the Target WTRU. An LMR may be senf to the Target WTRU, for example, if an existing PCS link
is chosen. A DCR may bs sent to the Target WTRU {(a.g., otherwise).
00971  Asshown al 440 in FIG. 4, the targset WTRU may respond with a DC reject or Link Modification
Reject message with a cause code {e.g., #5 or #13) fo the U2U relay. The targel WTRU may respond with
a back-off time {e.g., timer). The target WTRU may respond with a DC reject or LIMR message with a cause
code along with a back-off time to the U2U relay.
10098] Asshown al 450 in FIG. 4, the U2U Relay may start tracking a backeff time (e.g., via a backoff
timer) locally, for exampile, if the Source WTRU indicated in the initial DCRAMR that the U2U relay may
refry to establish connestivity to the Target WTRU {e.q., &l 420 in FIG. 4) or if the RSC s provisioned with
support of “managed peer connaction failure handiing.” Different U2U relays may choose {o do differant
things, for example, based on the agreed failure management.
[0008]  Asshown at 460 in FIG. 4, the U2U Relay may send a message to the source End WTRU, for
example, indicating one or more of the following: the received causs code from the target WTRU; that
rejection may be from the target WTRL! indicating that Relay may be wailting and performing a number of
retries (8.9, a specified number of reftries) on behalf of the source WTRU; sfe. The message may include
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{e.g., any of} & DC Accept, LM Accept, DC Reject, or LM Reject message lypes wilh & (2.0, new) code
which may refer {o the cause; “Congestion Situation at target WTRU and Relay is Refrying”. The massage
may be a different {.g., new) message type such as, for exampie, ‘DC Walt', ‘Link Modification Wait or DC
Agk.

[H00] A Source End WTRU recsiving @ message with “Congestion Situation and Relay is Relrying” may
increase the retry time {e.g., timer) for the DCR/ALMR or may stop tracking the time (e.g., because the Relay
may handle the refries),

[M01]  The Source End WTRU may (e.q., alternatively} decide to cancel the link
establishment/medification {e.g., via the relay). For example, the source End WTRLU may cancel the link by
sending a link release requast (8.g., ProSe Link Release Request) or a {e.g., new) PC5-5 messags (8.q.,
DCCancelft. MCanesl). In this case, the Relay raceiving this message may set a refry number {8.q., via a
refry counter) o zero {0) and may ignore a {a.q., any) reply from the target End WTRU related to this link
establishment or modification procedurs.

[0402] This message (e.q., as shown at 460 in FIG. 4) may be used to notify the source WTRU
periodically, for exampie, that the U2U relay is lill relrying.

[0403]  Asshown al 470 in FIG. 4, the U2U relay WTRU may refranamit the DORAMR message to the
Target WTRU at the end of & duration {e.g., timser expiration), for example, if (e.g., while) the number of
refransmils is less than the number of retries performed so far and the lime elapsed is less than the
maximum time the Source WTRU is willing wait {e.q., if specified by the sourcs WTRU), Actions at 440,
450, 460, and 470, as shown in FIG. 4, may be repealed (e.g., a number of times). The actions asscoiated
with 460 in FIG. 4 may be performed {e.q., only once) if (8.0, when) the first Reject message is received at
the Relay. It may be understood by the source WTRU and the Relay {e.g., based on actions associated al
410 and 420) that the Relay may be handiing the retransmissions and the process at 460 may be optional,
[0104]  Asshown gl 480 in FIG. 4, the target WTRU may respond, for example, with a rejection message
{e.g., DCRejecy MRaiect).

[0105]  Asshown al 480 in FIG. 4, the Relay may send a DC Reject or Link Modification Reject with a
{e.0., new) code (8.9, which may refer to the cause "Relry Unsucecessful™), for example, if the (8.g.,
maximum) number of retries is reached. This message may indicate that "Maximum relry attempts have
been made.”

[0406] The Relay may send an acceplance message, such as, for example, DC Accept or LM Accept
{e.q., with the cause IE set to "Retry Successful'), for example, if successful link establishment is

performed,
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(04071 In examples, (2.9, for example) the U2 Relay may use the DCA message to notify the source
WTRLU of a pending connection establishment/modification with the Target WTRU {e.q., with respect to 460
in FIG. 4). The U2U Relay may send to the Source WTRU an LMR message which may include an
indication of successful complstion of connection with Target WTRU. The U2U) Relay may receive from the
Souros WTRU an LMA massage confirming Source WTRU acesptance of connection/communication with
tha Target WTRU. The U2U Relay may (e.qg., for example) send a Link Releass request message
indicating unsuccessiul completion of connection with Target WTRU.

[0108] The Scurce End WTRU may associate the Reject message with the target End WTRU. The
Relay may bs available to reach other target WTRUs,

[0108]  FIG. 5illustrates an example flow for allowing the source WTRU o be notified of the Target
WTRU's requsst rejaction and its cause. This message that notifies the source WTRU may allow the
source WTRU to understand that the Reject originates from the Target WTRU, The reject may not originate
from the U2U refay. The same U2U relay may be (rejused for regching the same or a differeni Target
WIRU. As shown in FIG, 5, the source End WTRU may associate the Reject message with the targst End
WTRU. The relay may be available to reach other target WTRUs,

(0] Asshown at 510 in FIG. 5, the Scurce WTRU may send a requsst o esfablish connectivity with
Targst WTRU #1 via the U2U relay. Then, the Target WTRU #1 may reject the raquest.

[0411]  Asshown at 520 in FIG, 5, the U2U Relay WTRU may reply to the Source WTRU with a DC/ILM
Reject message with a cause value. The {e.q., new} cause value may indicate that it may be the target End
WTRU #1 thal rejectad the request. The message and cause values spacified may refer to the larget
WTRU {e.q., may not refer to the U2U relay). It may indicate o Source WTRU that refries may not be
handled by the U2U relay. This message may include the cause value the Target WTRU #1 sent to U2U
Relay with its Reject message (e.q., security issue}. The U2U relay may manage a time window to wait for
multiple response messages, for example, in scenarios where the UZU relay sends a message to muiliple
target WTRUs. The U2U relay may send a consolidatad Reject to the source WTRU, for exampls, at (8.9,
after waiting until) the end of the time window.

[0412]  Asshown at 530 in FIG, &, the source WTRU may siart iracking a relry time (e.q., via arelry
timer), for example, based on the recaivad backoff value. The source WTRU may associate the retry tims
{.q., timer) to the target End WTRU #1,

[13]  Asshown at 540 in FIG. 5, the Scurce End WTRU may (ra)select the (8.q., same) U2U Relay fo
rsach the same {e.g., after the backolf timer) or other target End WTRUs (s.g., Target WTRU #2). This may

be possible, for example, because (e.g., as now) the Source WTRU may be aware that the previous
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rejection came from the Target WTRU (.g,, not the U2U relay), and therefore the U2U relay may be
available to handle other requests.

[0414] A relay may directly send a Rejsct to a second Source End WTRU, for example, if {s.g., when) a
backolf time is being racked (e.q., its backofl fimer is running).

[0118] FIG. 8 illustrates an example flow that allows (e.g., enables) a U2U relay to handle multipls
requests to the same Target WTRU (.., from more than one Source WTRU), for example, if {s.g., when)
the target WTRU may have previously rejected a request. Scenarios may include where the target WTRU
shares a link {e.g., a single PC5 link) with (s.g., towards) the U2U relay, for exanmple, if {8.q., when)
communicating with multiple source WTRUs.

[0418]  Asshownin FIG. 8, the Relay may {s.g., direclly) send a Raject to a second Sourcs End WTRLU,
for exampie, if (8.g., when) the backoff time is aciive or being tracked {e.g., its backoff timer is running).
(04171 Asshown at 610 in FIG, §, authorization and discovery may be performed (e.g., as described
harein). As shown at 620 in FIG. §, Source WTRU #1 may send a DCRILMR to U2U relay {e.q., as
described herain}. As shown at 630 in FIG. 6, the U2U relay may send a DCRAMR o the Targel WTRU
{e.0., as describad herein). As shown at 840 in FIG. §, the target WTRU may respond with a Reject
massage (8.9., as described herein}. As shown at 650 in FiG. 6, the U2U relay may start fracking the
backoff time (e.g., via the backolf timer), for example, as described hersin.

[0418] Asshown gl 860 in FIG. 8, the U2U Relay WTRU may send a message to Source WTRU #1,
The message may nolify that the target WTRU has rejected the DCR/LMR with cause value and backoff
time {6.¢., imer). The Relay or the source WTRYU may handle the refry procedurs with the target WTRU.
The Relay may keep track of rejection and the backol iime from the target WTRU. The Relay may keep
track of the target WTRU's state, e.q., "reject’ or “congested.”

(04181 Asshown at 670 in FIG, §, the U2U relay may receive g DCRILMR from a Source WTRU #2 for
communication with the same Target End WTRU (e.q., which at 640 in FIG. 6 has returned a Rejec
message with a backoff ims o the Relay),

(04201  Asshown at 680 in FIG, 6§, the U2U Relay WTRU may send {e.g., immediately send) a responss
message to the Source WTRU #2, for sxample, with the {e.g., new) cause value/messags typs (e.q., as
described herain) fo the Source WTRU #2 {e.g., in case the backoff time has not expired). This message
may indicate that the Targel End WTRU had previously rejected the regquest (.q., through a (8.g., new)
causs code). in examples, this indication may include the cause of the rejection indicated by the Target
WTRU {8.g., congestion). This message may indicaie that this message may be an immediate response,

and the U2U relay has nol attempied to establish connectivity, and it may relry once the current backolf
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fime expires. I may spacily the remaining time on the current backoff time. In examples, this message may
bs optional,

[0421]  The Relay may (g.g., allernatively) use a backoff time associated with the targat WTRU per the
requesting source WTRU. in this case, the Relay may reply 10 the source WTRU #2, for example, without
sending a request to the targst WTRU, and start tracking the source WTRU #2 backoff time (e.g., viaa
tirner).

[22] Asshown al 480 in FIG. 7, the U2U refay may keep track of {e.q., all} pending requests (e.g., and
may associate them with the running backoff time} and may apply the running backoff time 1o the {e.q., ali)
received requests for the same Target WTRU (.g., source WTRU #2°s request), for example, if the U2U
Relay handles the retries with the target WTRU,

[0123]  Asshown al 492 in FIG. 7, the backofl time may expire at the UZU Relay. The U2U relay may
send (.., all) pending DCRALMR requests from the {8.g., each) corresponding source WTRU to the target
End WTRU, for example, if the UZ2U Relay handies the refries with the target WTRU. The Relay may {e.g.,
alternatively) handie backoff timas per scurce WTRU and the (e.g., only the) pending request from the
source WTRU associated with the expired backoff time may be sent fo the farget WTRU, The U2U relay
may {e.g., alternatively) reset the state associated with the targst WTRU to “normal” (8.9., at backoff time
expiration), for examplg, if the U2U Relay is not handling the refriss.

[0424]  Asshown at 494 inFIG. 7, the Targel WTRU may send a reject message (e.q., DCALM Reject
with causs IE) to the U2U relay, for example, after the U2U relay sends a DCRALMR (e.g., multiple
DCRILMR associated with the muitiple pending source end WTRUs). The UZU relay may determine that a
max riumber of refries has cceurred.

(28]  Asshown at 486 in FIG. 7, the Relay may ssnd back a Reject massage to the source End WTRU
{e.q., both source end WTRUs, as shown in FIG. 8), for example, if the UZU Relay handles the relries with
the farget WTRU and if the U2U Relay receives a Reject message from the target End WTRU and the max
refry has been reachad. This massage may indicate “Retry Unsuccessful”. This massage may also indicals
‘maximum relry attempis have bsen made.” In case the retry was successiul, this messags may indicate
‘Retry Successful”

[0128] The targst wireless transceiver unit {s.g., WTRU) may enabls wait-retry responses (8.9,
sentireceived),

(01271  Wait-Refry responses may be applied to WTRU-lo-WTRU communication scenarios,

[0128] A U2U relay may be used {e.g., as described herein}, which may be applicable for direct WTRU-
to-WTRU communicalion scenario where arslay has not besn used. In such scenarios, the procedures of

the U2U relay above may be applied to the Target WTRU.
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(04281  For example, the farget WTRU may refrain from accepling (8.4, not be able fo acespt) the
DCRAMR {e.g., now}. The target WTRU may delay/accept the requast later {e.qg., the Target WTRU may
predict the cause of the reject {o resclve in the next few seconds). There may be no way for the Target
WTRU fo convey this to the relay or the source WTRU, for sxample, besides rejecting the request
completely {2.g., all fogether).

[0438]  The Target WTRU may refrain from refecting (e.g., not directly Reject) the request. For exampie,
the target WTRU may ask the requesting WTRU {e.g., a relay or another WTRU} fo wail. The message
may include a {e.q., new) code which may refer to the cause: "Wall - Retry Later’ (e.q., as spacified for
U2U relay as described herein), and may indicate how long to wait,

01311 The Source WTRU may delay {8.g., hased on {e.q., upon} the reception) the starting of the back-
off tirme, for example, untll it receives a follow-up/update message from the Target WTRU or until the
waiting pericd spscified by the Target WTRL elapses, Ctherwise, the source WTRU may stop waiting, and
it may siart the back-off ime and retry wilh different (e.g., new) configurations {a.g., if any), if {8.q., once)

the time expires, for exampls, if the source WTRU raceives a massage (2.g., DC/AM Reject} with causs &

[432]  Arslay may receive a rasponse to a DCRIALMRE. The ralay may delay the slarting of the back-off
fime {e.q., until it receives a follow-up/update messags from the Targat WTRU or until the waiting period
spacified by the Target WTRU elapsas), and the U2U relay may delay the sending of the DC/LM Reject
massage to the source WTRU, for example, if {e.g., when) a relay receives a response io a DCRAMR with
“the requesting WTRU wait and retry later” from the Target WTRU. The U2U Relay may (e.g., immediatsly
respond) to a (e.g., new) DCRAMR message received from other WTRUs indicating that “Target WTRU
has raquesied to wait’, for sxample, iIf {e.g., when} multiple Scurce WTRUs attempt to send DCRALMR o
the same Target WTRU The U2U relay may receive a message (e.g., DC/LM Reject) with cause &
“Retry,” for example, if the Target WTRU may (8.9, is able {0} acoept the request but prefers the
connection {o be reestablished, in this scenario, the U2U relay may start the back-off fime and retry with a
different {e.q., new) configuration {e.q., if any), for examplg, if (e.g., once} the time expirss.

(04331 Avelay (8.9, U2U relay) may retry, for example, if (8.0, when) it recsives a reject message with
a backoff time on behalf of the source end WTRU. The U2U relay may be provisioned with {&.g., recsive
configuration information indicating) an RSC. The RSC may indicate support for “managed pser connection
failure handling.” The UZ2U relay may receive a DCR or LMR from a source WTRU to establish connectivily
via the ralay. The requast may specify whether the U2U may handle a congestion condition retry
procedurs, for example, on behalf of the source WTRU {e.q., by including “managed failtre by source

WTRU or "managed failure by relay”). The U2U relay may send a DCR or LMR to a targat WTRU. The
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U2U relay may receive a DC rejact or link modification reject message from the farget WTRU, for example,
with a code {(8.¢., #5 or #13) and a backoff time. The U2U relay may send a message fo the sourcs WTRU,
for example, indicating that it is wailing for the backoff interval and performing @ number of relries on behalf
of the source WTRLL For example, the U2U relay may send a DCReject!lLMReject io the sourcs end
WTRU. The DCRejeci MReject may include a code {e.g., new code} that may indicate the cause
‘Congestion Situation at target WTRU and Relay is Relrving” and a ratry value (s.g., refry count and/or
relry time). The DCReject/LMReject may be a message lype "‘DCR Walt” or *Link Modification Wail.” The
L2l refay may send a DC Reject or a Link Modification Reject to the source WTRU with a cods indicating
the cause "Retry Unsuccassiul’, for example, if the PC5 link establishmant between the U2U relay and the
target WTRU is unsuccessful). The Source WTRU may determine whether o wait or not to establish
connectivily. The source end WTRU may receive a message indicating "Congestion Situation al target
WTRU and ratry”, The source end WTRU may increase the retransmission tims for the DCR or stop it (8.g.,
because the Relay handles the retiies, for example, based on recelving the message. The source end
WTRU may {e.q., aliarnativaly) cancel (8.q., determing {o cancsl} the link establishment procadure via the
relay, for examples, by sending a Link Relsase Request or PC5-8 massage (2.g., DCCancslLMCancel}.
The Relay receiving the massage (8.g., Link Release Request or PC5-S message) may set its retry value
{e.q., retry counter) to 0 and ignore a {e.g., any) reply from the target end WTRU related fo the link
sstablishmentfink modification procedire. In exampias, the source end WTRU may associate the reject
massage (o the target end WTRU {e.g., the relay may be available to reach other targst WTRUs), The
source WTRU may send a DCRALMR to establish connectivity with a {arget WTRU {e.g., via the relay}. The
source WTRU may receive a message from the U2U relay that may include a cause value indicating that
the relay is performing a number of retries on behalf of the scurce WTRU {e.g., the cause value may notbe
appiicable to the relay but may be applicable o the larget end WTRU, e.g., DOR-Wait-Retry, LMR-Wait-
Retry, DCReject, LMRejact, atc.). The source WTRU may associate the rejection condition {o the target
end WTRU and refrain from assodiating the rejection condition to the U2U relay itself. The source WTRU
may send a DCRILMK fo esfablish connectivity with another targel WTRU, for exampile, via the relay (8.¢.,
same refay) from which the DCRejecth MRejact was received,

[0134]  In exampies, the relay may send (a.g., directly} a reject o a second source end WTRU, for
example, if (8.9, when) the backol ime is being tracked (8.g., backoff timer is running). The U2U relay
may receive a DORALMR from a second source WTRU, for example, for communicating with the (e.q,,
same) target end WTRU {e.g., which may have returned a reject with a backoff time fo the relay}. The U2U
relay may handle the relry procedure with the second sourcs WTRU. The U2U relay WTRU may track a
backoff ime. The backoff time may be associated with the target WTRU. While tracking the backaff time,

the U2U relay WTRU may send (e.g., immediately send) a reject message (e.g., DOR-Wait-Retry, LMR-
_95.
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Wail-Retry, DCReject, LMRsject, elc.) io the second source WTRLU, for example, withoul trving to reach the
target WTRU and with a cause value indicating that the "target end WTRU had previously rejested the

¥

request” The U2U relay may track the pending requests from the source WTRUs {e.g., associated it with
the runningfiracked backoflf time}. The U2U relay may apply the tracked backoff tims to the requesisfo a
{e.g., the same) target end WTRU. The U2U relay may send pending (a.g., all pending) DCRAMR requests
from the {8.g., each) carresponding source WTRU to the target end WTRU {e.g., if the backoff time expirss
andfor if the relry countis above G}, The relay may send back a reject message o {e.g., all) scurce end
WTRUs walting for a link establishment/modification responss, for example, if the U2U relay receives a
reject message from the targst end WTRU and the max relry has been reached.

(04381  Inexamples, Wait-Relry responsss may be senfireceived {e.g., with or without arelay) at a
target, For example, a target WTRU may recaive a DCRILMR to establish connectivity {e.g., via a rslay or
directly from a source WTRU). The target WTRU may send a DC/LM reject message with a cause
indicating that “the requesting WTRU walt and retry later.” The message (8.g., alternatively) may be a
different {e.q., new) message typs, for example, such as “‘DOR Wail” or “Link Modification Wait” The
massage may indicats how long the source WTRU andior the U2U relay may watt for a response from the
target WTRU, and/or before relrying, or triggering a WTRU resslection procedure. The U2U relay may
raceive a message indicating a causs that indicates that “the requesting WTRU wait and relry Iater.” The
U2U relay may delay starting the tracking of the back-off time, for example, until it recsives a follow-
upfupdate message from the target WTRU or until the walling period spacified by the targef WTRU
slapses. The U2U relay may delay the sending of the DCILM reject massage fo the source WTRU. The
U2U relay may respond (8.g., immediately} to a DCRALMR massage recsived from other WTRUs indicating
that “Target WTRU has requested to wail” The U2U relay may receive a message (e.q., DC/LM reject) with

the cause {E “Retry”, for example, if the target WTRU may accept the request but prafers the conneclion to

ba resstatlished {e.g., determined a condition associaled with reestablishing a connection). In this case,
the UZU relay may initiate tracking a back-off time and retry with a different configuration (e.g., if any}, for
axample, oncs the fime expires. The U2U may send a pending DCR/LMR message from the other source
WTRUs to the target WTRU, for example, if {2.g., when} the time expires. The source WTRU may receive a
massage indicating a cause indicating that "the requesting WTRU wail and reiry later” from the larget
WTRU. The source WTRU may delay the starting of iracking the back-off time, for example, until i receives
a follow-upfupdate message from the target WTRU or until the waiting pericd spacified by the targst WTRU
elapses. Otherwise, the source WTRU may sfart fracking the back-off time and refry with a different

\

configuration: (e.q., if any) if the iime expires, for example, if the source WTRU receives a message (2.g,,

DCILM Reject} with cause 1E "Retry.”

-29-
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[0438]  Although features and elements described above are described in parlicular combinations, sach
feature or slemeant may be used alone without the other fsatures and slements of the preferred
embodiments, or in various combinations with or without other features and elements.

(04371 Although the implementations described herain may consider 3GPP spedific prolocols, s
understocd that the implementations described hersin are not restricted to this scenaric and may be
applicable to other wirsless systems. For example, githough the solutions described hersin consider LTE,
LTE-A, New Radic (NR) or 5G speoific protocols, it is understood that the solutions described hersin are
not restricted to this scenario and are applicable to other wirless systems as well.

[0138] The processes described above may be implemented in @ computer program, software, andlor
firmware incorporatad in a computer-readable medium for execution by a computer andfor processor,
Examples of computer-readable media includs, but are not limited to, electronic signals {fransmitted over
wirad and/or wirsless connections) andfor computer-readable storage media. Examples of computer-
readable storage media include, bui are not limited to, a read only memory (ROM}, a random access

memary {RAM}, a register, cache memory, semiconductor memory davices, magnetic media such as, but

not fimited o, internal hard disks and removabie disks, magneto-optical media, and/or optical media such
as compact disc (CD)-ROM disks, andfor digilal versatile disks (DVDs), A processor in association with
software may be used to implament a radic frequency transceiver for use in a WTRU, terminal, bass

sigtion, RNC, and/or any host computer,
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CLAIMS

What Is Claimed Is
1. A relay wirsless transmitiracaive unit (WTRU comprising:

a processor configured to;

recsive a first rejection message from a target WTRU, wherein the firsf rejection message
is associated with at least one of a first direct communication request {DCR) transmission
associated with a source WTRU or a link modification request (LMR) transmission associated with

tha source WTRIU,

deferming a number of retransmissions assodialed with the source WTRU;

send a second rejeclion message to the source WTRU I the number of retransmissions
associated with the source WTRU is below a threshold, wherein the second rejection message
indicates whether the relay WTRU will make one or more retransmission attermnpts on behalf of the

source WTRU.

2. The relay WTRU of olaim 1, the processor is further configured (o
determine that the number of relransmissions associated with the source WTRU is balow the
threshold;

determine that a duration associated with a back off value has elapsed; and

send to the targst WTRU, based on the determination that the duration associated with the badk off

value has elapsed, at least one of & second DCR transrission associated with the source WTRU or a

second LMR fransmission associated with the source WTRUL

3

Tha relay WTRU of claim 2, wherein the reject message to the source WTRU further indicates that

the relay WTRU will make refransmission attempts on behaif of the source WTRU.

4,

The relay WTRU of claim 3, whersin the reject message to the source WTRU further indicates a

number of retransmission atiempts.
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5 The relay WTRU of claim 1, wherein the processor is further configured {o:
determine that the number of retransmissions associated with the source WTRU is greater than or
squal to the threshold; and

determine to ahort direct fink establishmant.

8. The relay WTRU of claim 5, wherein the rejection massage to the source WTRU further indicates

identification information associated with the target WiRU.

7. The relay WTRU of claim 5, wherain the rejection message to the source WTRU further indicates a

maximum number of refries has been reached.

8, The relay WTRU of claim 1, wherein the first rejection message from the target WTRU indicates
congestion.
g The relay WTRU of claim 1, wherein the first rejsction message from the {arget WTRU indicales a

rejection cause valus and the back off valus.

10. The relay WTRU of claim 1, wherein the thrashold is a maximum numbsr of aliowed

refransmissions,

1. A method, the method comprising:
receiving a first rejection message from a targst WTRU, whersin the first rejection
message is associated with at lsast one of a first direct communication request (DCR} transmission
associated with a source WTRU or alink modification request {LMR} transmission associated with
the source WTRLU;
determining a number of retransmissions assosiated with the source WTRU;
sending a second rejection message o the source WTRU if the number of retransmissions
associated with the source WTRU is below a threshold, whersin the second rejeciion message
indicates whether the relay WTRU will make ons or more retransmission attempts on behalf of the

source WTRU.
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12, The method of claim 11, the processor is further configured {o:

determine that the number of refranamissions associated with the source WTRU is below the
threshold;

determine that a duration associated with a back off valus has elapsed; and

send fo the targst WTRU, based on the determination that the duration associated with the back off
vaiue has elapsed, at least ons of a second DCR transmission associated with the source WTRU or a

second LMR transmission associated with the source WTRU.

13. Tha method of claim 12, wherein the reject message to the source WTRU further indicatas that the

ralay WTRU will maks refransmission attempts on behalf of the source WTRU.

14. The method of claim 13, wherain the reject massage to the source WTRU further indicates a

number of retransmission attempts.

15 The method of claim 11, wherein the method further comprises:
determining that the number of refransmissions associated with the source WTRU is greater than
or equal fo the threshold; and

determining to abort direct link esiablishment.

16. The method of claim 15, wherein the rejection message o the source WTRU further indicates

identification informalion associated with the target WTRU.

17. Tha method of claim 15, wherein the rejsction message 1o the source WTRU further indicates a

maximum number of retries has been reached.

18. The method of claim 11, wherein the first rejection massage from the target WTRU indicates

congsstion.
19. The method of claim 11, wherein the firsi rejaction messags from the target WTRU indicates a

rejection cause value and the back off value.
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20. The mathod of claim 11, whersin the threshold is & maximum number of allowed refransmissions.




