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(57) Abstract: Systems, methods, and instrumentalities are described herein related to jitter monitoring in a wireless communication
network. A wireless transmit/receive unit (WTRU) as described herein may receive downlink traffic associated with a protocol data unit
(PDU) set. The WTRU may store at least a part of the downlink traffic in a playout buffer to reduce jitter associated with the PDU set,
wherein the playout buffer may be configured to store data at a PDU set level. The WTRU may perform a jitter measurement associated
with the downlink traffic and report a result of the jitter measurement to a network device. Subsequently, the WTRU may receive an
indication to change at least one parameter of the playout buffer, and the WTRU may change the playout buffer based on the indication.
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HTTER MONITORING BASED ON PDU SET LEVEL BUFFERS AND IMPORTANCE LEVELS

CROSS-REFERENCE TO RELATED APPLICATIONS

[G301]  This application claims the bensfit of Provisicnal U.5. Patent Application No. 63/457,830, filed
April 8, 2023, the disclosurs of which is incorporated herein by reference in its enfirety,

BACKGROUND

106021  Mobile communications using wireless communication continue to evolve. A fifth generation may
ba referred 1o as 5G. A pravious (legacy) generation of mobile communication may be, for example, fourth
generation (4G) long term evolution (LTE). Wireless communication traffic may be transmitted in one or
more protocol data units (PDUs). Dus io the nature of the network that carries FDUs {s.g., from an
applicalion ssiver (AS) io a network device), the PDUs may experience different delays and the difference

in the delays expsrienced by the PDUs may be measured by fitter,

SUMMARY

00031 Systems, methods, and instrumentalities are deseribed herein related o jitter monitoring in 8
wirsless communication network, A wireless transmitireceive unit (WTRU) ag described herein may
receive downlink traffic associated with a protoco! data unit (PODUY set. The WTRU may slore at least a

sart of the downlink traffic in & playout buffer (o reduce jitler associaied with the PDU set, wherein the
playout buffer may be configured to manage data at a PDU set lavel, The WTRU may parform a jitter
measurament associated with the downlink traffic and report a result of the jitter measurement to a network
device. Subsequently, the WTRU may recaive an indication to change at least ona parameter of the
playout buffer, and the WTRU may changs the playout buffer based on the indication.

00041  Inexamnples, the at lsast one parameier of the playout buffer may be a buffer size or a bufier
delay size. in examples, the WTRU may receive jiller monitoring information that may indicais one or more
narameters associated with the jitter measurament. The one or more parametars may include a threshold
importance level of PDU sats for which jitter maonitoring is {o be performed, and the jitter measurement may
be performed for the downlink iraffic associated with the PDU sat based on & determination that an
importance lsvel of the PDU set exceeds the threshold imporiance level. The one of mors paramslers may

include respective jitter monitoring paramstars that are associated with different PDU set importance levels.
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00081 In examples, the PDU set for which the jitter measurement is performed may be associated with
a speaific type of video frames. In examples, the downlink iraffic for which the jitter measurement is
performed may be associated with an extended realily multi-modal (XRM) service. In examples, the WTRU
may transmif uplink raffic associated with the XRM service to the nsiwork devics.

{80081 A network device as described herein may receive uplink traftic associated with a protocol data
unit {PDU} set and stors at least a part of the uplink traffic in a playout buffer o reduce jitter associated with
the PDU setl, whersin the playout buffer may be configured 1o stors data al a PDU sstlevel. The network
device may perform a jitter measurement associated with the uplink traffic, and raport a result of the jitter
maasuremsnt to another natwork device. The network device may recsive an indication to change at least
one parameter of the playout buffer, and may changs the playoul buffer bassd on the indication. The at
least ona paramsisr of the playout buffer may be a buffer size or a huffer delay size. The nelwork devics
may be a user plane function (UPF) of a wirsless communication network, and the other network device

may be a session managsment function (SMF) of the wireless communication nelwork.

BRIEF DESCRIPTION OF THE DRAWINGS

[G6071  FIG. 1A s a system diagram illustrating an example communications system in which ong or
more disciosed embodiments may be implementsd;

[G008]  FIG. 18 s a system diagram illustrating an example wireless transmit/recsive unit (WTRLU) that
may be used within the communications system illusiratad in FIG. 1A according to an smbodiment;

00081 FIG. 1C is a system diagram iHluslrating an example radio access nefwork (RAN) and an exampls
cors network {CN) that may be used within the communications system illustrated in FiG. 1A according to
an embodiment;

o0 FIG 1D is a system diagram illustrating a further example RAN and a further example CN that
may be used within the communications system illusiratad in FIG. 1A according to an embodiment;

[0011]  FIG. 2is & diagram Hlustraling an example of configuring connected mode discontinuous
recaption {CDRX) based on jitier information,

100127  FIG. 3is a diagram ilustrating an example of having more than one sarvice data flow (SDFY for a
QoS fow,

[0613]  FIG. 4is a diagram Hiustrating sxampls approaches for performing jitter measursments at a FDU
set level.

[0014]  FIG. 5is a diagram ustrating an example of a procedure for configuring a jitter monitoring
requirement for an XRM service.

[0015]  FIG. 8is a diagram liusirating an example of a PDU set level plavout delay buffer,

-
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[0018] FIG. 7 is a diagram illustraling an exampie procedure for jitisr moniioring and reduction based on

PO sat playout bufters andior PDU set importancs values.

DETAILED DESCRIPTION

106177 FIG. 1Ais a diagram illustrating an example communications systern 100 in which one or more
disclosed embodiments may be implemeniad. The communications sysiem 100 may be a multipls access
system that provides content, such as voice, data, vides, messaging, broadeast, efe., to multiple wirelsss
users. The communications system 100 may enable multiple wireless users 1o access such content
through the sharing of system resources, including wirsless bandwidih. For example, the communications
systems 100 may employ one orf more channel access methods, such as code division multiple access
(COMA), time division muliipls access (TDMA), frequency division multiple access (FDMA), orthogenal
FOMA (CFDMA), single-carrier FDMA (SC-FDMA), zero-tall unigus-word DFT-Spread OFDM (ZT UW
DTS5 OFDM), unique word OFDM (UW-OFDM), resource black-fitered OFDW, filter bank mutticarrier
{FBMC), and the like.
06181 Agshown in FIG. 1A, the communications system 100 may include wirsless transmitirscsi
units (WTRUs) 1023, 102b, 102¢, 1024, a RAN 104/113, 2 CN 106/115, a public switchad telephone
network (PSTN) 108, the Internet 110, and cther networks 112, though it will be appreciaied that the
disclosed embodimants contemplate any number of WTRUs, baes stations, networks, andfor network
slements. kach of the WTRUs 1023, 102b, 102¢, 102d may bs any type of devics configured to operate
andfor communicate in a wireless environiment. By way of example, the WTRUs 1023, 102b, 102¢, 1024
any of which may be referred to as a “station” and/or 2 "STA”, may be configurad o fransmil and/or receive
wireless signals and may include a user equipment (UE), a mobila station, a fixed or mobile subscriber unit,
a subscription-based unil, a pager, a cellular telephone, a personal digital assistant {(FDA), a smartphons, a
laptop, a netbook, a personal compuisr, a wireless sensor, a holspol or Mi-Fi device, an intemet of Things
{loT) devics, a watch or other wearable, a head-mounted display (HMD), a vehicle, a drons, a madical
device and appiications {e.¢., remote surgery), an industrial device and applications {2.qg., a robot andfor
other wireless devices opsraling in an industrial andfor an auiomated procsssing chain contexis), &
consumer slectronics devics, a devics operaling on commercial andfor industrial wireless networks, and
the like. Any of the WTRUs 1025, 1020, 10Zc and 102d may be inlerchangeably referred 1o as a Uk,
[0018]  The communicaiions systems 100 may also include a base station 114a andfor a bass station
114b. Each of the base stations 114a, 114b may bs any type of davice configurad to wirelessly interface
with at least one of the WTKUs 10243, 102b, 10Z2¢, 102d io facilitate access 1o one of more commiunication
networks, such as the CN 108/115, the Intemet 110, and/or the other networks 112, By way of example,

the base stations 114a, 114b may be a base transceiver station (BTS), a Node-B, an eNode B, a Home
23
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Node B, a Home eNode B, a gNB, a NR NodeB, a site controller, an access point {AP), a wirsless router,
and the like. While the hage stations 114a, 114h are sach dapicied as a single slement, it will be
appreciated that the base stations 114a, 114b may include any number of inlerconnectad base stations
andfor network elemenis.

002081 The bass station 114a may be part of the RAN 104/113, which may also includs other base
stations andfor network slements {not shown), such as a base station coniralier (B5C), a radio network
coniroller (RNC}, relay nodes, elc. The base slation 1144 andior the base station 114b may be configured
{o transmit andfor receive wirsless signals on ons or more carrier frequenciss, which may be referrad to as
a cell {not shown). Thess frequencies may be in licensed spectrum, unlicensed specirum, or &
combination of licensed and unlicensed spectium. A cell may provide coverags for a wirsless sarvics 1o a
specific gaographical area that may be relatively fixed or that may change over time. The cell may further

be divided into cell sectors, For example, the cell assecialed with the base siation 114a may be divided

inio thiee sectors. Thus, in ons embodiment, the base stalion 114a may include three ransceivers, is.,
one for aach secior of the cell, In an embaodiment, the bass station 114a may employ muttiple-input
multiple output (MIMO) technology and may utilize multiple transceivers for each sector of the cell, For
example, beamforming may be used fo ransmit andfor recelve signals in desired spatial directions.
06211  The base stations 114a, 114h may communicate with ong or more of the WTRUs 1023, 102b,
102¢, 102d over an alr interface 115, which may be any suitable wirsless communication link {a.g., radio
frequency (RF), microwave, cenlimeier wave, misrometer wave, infrared (IR), uliraviolet (UY), visible light,
etc.). The air interface 116 may be establishad using any sultable radio access technology (RAT).

106227  More specifically, as noted above, the communications system 106 may be a multiple access
gystem and may employ one of mors shannel acesss schemes, suich as COMA, TDMA, FDMA, CFDMA,
SC-FDMA, and the like. For example, the base station 114a in the RAN 104/113 and the WTRUs 1024,
102b, 10Z¢ may implement a radio technology such as Universal Mobils Telecommunications Sysiem
(UMTS) Terrsstrial Radio Access {UTRA), which may sstablish the air inlerface 115/116/117 using
widsband COMA (WCDMA), WCDMA may inglude communication protocols such as High-Speed Packet
Accass (HSPA) andfor Evolved HSPA (HEPA+), HSPFA may include High-Speed Downlink {DL) Packet
Access (HSDPA) andlor High-Speed UL Packet Access (HSUPA),

106231  In an embodiment, the base station 1142 and the WTRUs 102a, 102b, 102¢ may implament a
radio technology such as Evolved UMTS Terresirial Radio Access (E-UTRA), which may establish the air
interface 116 using Long Term Evolution (LTE) andfor LTE-Advanced (LTE-A) andior LTE-Advanced Pro
(LTE-A Pro).
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[0024]  In ansembodiment, the base station 114a and the WTRUs 1028, 102b, 102¢ may implement &

radio technology such as NR Radio Accsss |, which may establish the air interface 116 using New Radio

00251  In an embodiment, the base stafion 114a and the WTRUs 1024, 102b, 102c may implement
multipis radio access technologiss. For example, the base slation 114a and the WTRUs 1023, 102k, 102¢
may implement LTE radio access and NR radio access together, for instance using dual connsctivity (DC)
principtes. Thus, the air inlerface ulilized by WTRUs 1028, 102b, 102¢ may be characterized by muliiple
typas of radic access technologies andior transmissions sent toffrom multipls types of base stations {s.g,,
an eNB and a gNB}.

06261  In other embodiments, the base station 114a and the WTRUs 1023, 102h, 102¢ may implemant
radio tschnologias such as IEEE 80211 (ie., Wirsless Fidelity (Wi}, IEEE 80216 {i.e., Worldwide
Interoperability for Microwave Access (WiMAX)), CDMAZ000, COMA2R00Q 1X, COMA2000 EV-DO, Interim
Standard 2000 (1S-2000), interim Standard 85 {15-95), Interim Slandard 856 {15-858), Global System for
Mobile communications {GSM), knhanced Data rates for GSM Evolution (EDGE}, GSM EDGE (GERAN],
and the like,

160277  The base station 114b in FIG, 1A may be a wirsless router, Homs Node B, Homs eNode B, or
access point, for exampls, and may utilize any suitabls RAT for faciiitating wireless connectivity in a
localized area, such as a place of business, a home, a vehicle, & campus, an indusirial facility, an air
gorridor {8.q., for uge by drones), a roadway, and the like. in ong embaodiment, the base station 114b and
tha WTRUs 10Z¢, 102d may implament a radio technology such as IEEER 802,11 to sstablish a wirsless
local arsa network (WLAN). In an embodiment, the base station 114b and the WTRUs 102¢, 102d may
implement a radio technology such as [EEE 802.15 1o establish a wirsless personal area nafwork (WPAN),
In yet another embodiment, the base station 114k and the WTRUs 102¢, 102d may uliize a cellular-based
RAT {e.g., WODMA, COMAZOOC, GSM, LTE, LTE-A, LTE-APro, NR etc.) fo estabiish a picoosl or
femtocall. As shown in FIG. 1A, the base slation 114b may have a dirsct connection to the Infernet 110,
Thus, the base station 114b may not be required 1o access the Internat 110 via the CN 106/115,

[0028] The RAN 104/113 may be in communication with the CN 106/115, which may be any type of
network configured to provide voics, data, applications, andior voice over internet protocol (VoiP) services
{o one or more of the WTRUs 1023, 1020, 102¢, 102d. The data may have varying quality of sarvice (QoS)
requirements, such as differing throughput requirements, latency requirements, error tolerance
requiremants, refiability requirements, data throughput requirements, mobility requirements, and the like.
Tha CN 106/115 may provide call control, billing services, mobiie location-based servicss, pre-paid calling,

Internet connectivity, video distribution, elc., andfor parform high-level security functions, such as user

-5-
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authentication. Alihough not shown in FIG, 14, it will be apprecialsd that the RAN 104/113 andior the CN
106/115 may be in direct or indirest communication with othar RANg that employ the same RAT as the
RAN 104/113 or a different RAT, For example, in addilicn io baing connected 1o the RAN 104/113, which
may be utilizing a NR radio technology, the CN 106/115 may also be in communication with anothar RAN
{not shown) employing a GSM, UMTS, COMA 2000, WiMAX, E-UTRA, or WiFi radio technology.

00281 The ON 106/115 may also serve as a galeway for the WTRUs 102a, 102, 102¢, 1024 to acoess
the PSTN 108, the Inlernat 110, andlor the ofher networks 112, The PSTN 108 may include circuit-
switched telephone natworks that provide plain old telephons service (POTS). The Intermet 110 may
include a glebal systern of interconnected computer networks and devices that use common
communication protocols, such as the transmission control protoco! {TCPY, user datagram protocol (UDP)
andfor the infernet protocal {IP) in the TCPAP internet protocol suits, The networks 112 may include wired
andfor wireless communications networks cwned and/or operated by other service providers. For example,
the networks 112 may include anothsr CN connecied to one or more RANs, which may empiloy the same
RAT as the RAN 104/113 or a different RAT.

00307 Some or all of the WTRUs 1023, 102b, 102¢, 102d in the communications system 100 may
include mulii-mode capabilitiss {8.g., the WTRUs 102a, 102b, 102¢, 102d may include multipls transceivers
for communicating with different wirelass networks over different wirelsss links), For example, the WTRYU
102¢ shown in FIG. 1A may be configurad to communicate with the base station 114a, which may employ a
callular-based radio fechnology, and with the base station 114b, which may employ an I[EEE 802 radio
fechnology.

106317 FIG. 1B is a systemn diagram ifiustrating an exarmpie WTRU 102, As shown in FIG, 1B, the
WTRU 102 may include a processor 118, a transcelver 120, a transmitfreceive element 122, a
speaksr/microphone 124, akeypad 126, a display/touchpad 128, non-rermovabls memory 130, removeble
memary 132, a power source 134, a global positicning system (GPS) chipset 138, andfor other peripherals
138, among cihers. 1t will be appreciated that the WTRU 102 may include any sub-combination of the
foregoing elemants while remaining consistent with an embodiment.

[0032]  The processor 118 may be a general purposs processor, a special purposs processor, a
conventional procassar, a digital signal processor {(DSP), & plurality of microprocessors, one of mors
ricroprocessars in association with a DSP core, a controller, a microcontrolier, Application Specific
Integrated Circuits (ASICs), Field Programmabile Gals Arrays (FPGAS] circuits, any other type of integraled
circuit (1), a slate maching, and the like. The processor 118 may perform signal coding, data processing,
powsr conirol, inputioutout procsssing, and/or any other funclicnality that enables the WTRU 102 1o

operate in a wireless environment, The procassor 118 may be coupled io the fransceiver 120, which may

-8 -
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be coupled io the ransmitirecsive slement 122, While FIG. 1B depicis the processor 118 and the
fransceiver 120 as separate components, it will be apprecialed that the processor 118 and the franscaiver
120 may be integrated togsther in an elactionic package or chip.

[0033]  The iransmitireceive slament 122 may be configured to transmil signals to, or recelve signals
from, a base station (e.g., the base station 114a) over the air interface 116, For example, in one
embediment, the ransmitrecsive element 122 may be an antenna configured fo fransmit andior receive
RF signals. In an embodiment, the transmitfreceive slement 122 may be an emitler/detecior configurad o
fransmit andfor receive IR, UV, or visible light signals, for axample. in yet another embodiment, the
fransmitireceive element 122 may be configurad to ransmit andior receive both RF and light signals. it will
be gpprecialted that the ransmitirecsive slement 122 may be configured to transmii and/ior receive any
combination of wirelass signals.

100341  Although the transmitfreceive slement 122 is depicted in FIG, 1B as a single elemeni, the WTRU
102 may include any number of transmilfreceive elements 122, More specifically, the WTRU 102 may
employ MIMC technology. Thus, in one embodiment, the WTRU 102 may include two or more
transmitfreceive elemenis 122 {a.g., mulliple antennas) for transmiiting and recelving wireless signals over
the air interface 116,

[G035]  The fransceiver 120 may be configured to moduiate the signals that are io be transmitted by the
transmitfreceive element 122 and io demodulate the signals thal are recsived by the iransmitirecsive
slement 122, As noled ahbove, the WTRU 102 may have muiti-mode capabilities. Thus, the tfranscsiver
120 may include multiple transceivers for enabling the WTRU 1072 to communicats via mulliple RATS, such
as NR and |EEE 802,11, for sxample.

06387  The processor 118 of the WTRU 102 may be coupled to, and may receive user inpui data from,
the speakerfmicrophone 124, the keypad 126, andfor the displayftouchpad 128 {e.q., a liquid crystal display

{LCD) display unit or organic light-emitting diode (CLED) display unit). The processor 118 may also oulput
user data to the speakerfmicrophoneg 124, the keypad 128, andfor the displayftouchpad 128, In addition,
the processor 118 may access information from, and store data in, any type of suitable memory, such as
the non-removable memory 130 and/or the removable memory 132, The non-removable memaory 130 may
include random-accass memory (RAM), read-only memary (ROM), a hard disk, or any other type of
mamory storags device. The removable mamory 132 may include a subscriber identity module (SIM) card,
a memory stick, a securs digital (8D} memory card, and the iike. In other embodiments, the procsssor 118
may accsass information from, and sfors data in, memory that is nof physically localed on the WTRU 102,

such as on a server of & home computer (not shown),
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00377  The processor 118 may receive powsr from the power source 134, and may be configured lo
distribute andfor control the power o the other components in the WTRU 102, The power source 134 may
be any suilable davice for powering the WTRU 102, For example, the power source 134 may include one
or more dry call balteries {e.g., nickel-cadmium {NICd}, nickel-zing (NiZn), nickel metal hydride (NiMH},
lithium-ion (Li-ion), ete.), solar calls, Tuel cslls, and the like.

00381  The processor 118 may also be coupled o the GPS chipset 136, which may be configured o
provide location informaiion {6.g., longitude and latitude) regarding the current location of the WTRU 102,
In addition to, or in lisu of, the information from the GPS chipset 136, the WTRU 102 may recelve location
information over the air inferface 116 from a base station {e.g., base stations 114a, 114b} andfor determine
its location based on the timing of the signals being received from two or more nearby base stations. 1twill
be appreciated that the WTRU 102 may acquire location information by way of any suitable location-
determination method whils remaining consistent with an embodimant,

[0038]  The processor 118 may further be coupled to other peripherals 138, which may include ong or
more software and/or hardwars modules that provide additional features, functionality andfor wired or
wirgless connaclivity. For example, the peripherals 138 may include an accelerometer, an e-compess, &
sateilite transceiver, a digital camesra {for photographs and/for video), a universal serial bus (USB) port, a
vibration device, a television franscelver, a hands fres headset, a Bluetooth® module, a frequsncy
modulated (FM) radio unit, a digital music player, a media player, a videc game playsr module, an Internst
browser, a Virlual Reaiity andfor Augmenied Reality (VRIAR) device, an aclivity tracker, and the like, The
paripherals 138 may include one of more sensors, the sensors may be one or mors of a gyroscops, an
acceterometar, a hall effect sensor, a magnetorneter, an orientation sensor, a proximily sensor, &
temperature sensor, g ime sensor; a geclocation sensor; an allimelsr, a light sensor, a touch sensor, a
magnetomeisr, a baromstar, a gesture sensor, a biomatric sensor, andfor a humidity sensor,

00401 The WTRU 102 may include a iull duplex radio for which transmission and reception of some or
ali of the signals (e.g., associaled with particular subframes for both the UL {e.g., for transmission) and
downlink (2.g., for raception} may be concurrent andfor simulianeous. Thes full duplex radio may include an
interference managemeant unit to reduce and or substantially sliminate self-interference via either hardware
{8.9., a choke) or signal processing via a procsssor {8.4., a separate procsessor (hot shown) or via
processor 118} in an embediment, the WRTU 102 may include a half-duplex radio for whigh fransmission
and reception of some or alf of the signals {8.g., associated with particular subframes for either the UL
{a.g., Tor iransmission) or the downiink {6.g., for reception)),

[0041]  FIG. 1C is a system diagram HHustrating the RAN 104 and the CN 106 according to an

smboediment. As noted above, the RAN 104 may employ an E-UTRA radio technology to communicate
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with the WTRUs 1023, 102b, 102¢ over the alr inferface 116, The RAN 104 may algo bs in communication
with the CN 106,

1004217  The RAN 104 may include eNode-Bs 160, 160b, 160¢, though it will be gppraciated that the
RAN 104 may include any number of eNode-Bs while remaining consisisnt with an smbodiment. The
eNode-Bs 1603, 160b, 160¢ may each includs ons or more transceivers for communicating with the
WTRUs 1023, 102h, 1020 over the airinlerface 118, In one embodiment, the eNode-Hs 160a, 160b, 160a
may implement MIMO technology. Thus, the eNode-B 1604, for example, may use multipls antennas fo
fransmit wirsless signals to, and/for receive wirelsss signals from, the WTRU 102a.

00431  Each of the sNode-Bs 1603, 160b, 160c may ba associated with a particular call {not shown)
and may be configured o handle radio resource management dacisions, handover decisions, schaduling of
users in the UL andior DL, and the like. As shown in FIG, 1C, the eNode-Bs 1603, 1600, 160c may
cormmunicats with ons ancther over an X2 interface.

[0044]  The CN 106 shown in FIG. 1C may include a mobility management entity (MME) 162, a serving
gateway (SGW) 1984, and a packet deta network (PDN) gateway {or FGW) 168, Whils sach of the
foregoing elements are dapicted as part of the ON 106, it will be appreciated that any of these elements
may be owned and/or operated by an eniity other than the CN operator,

106457  The MME 167 may be connected io sach of the eNode-Bs 1623, 1620, 162¢ in the RAN 104 via
an S1interface and may serve as a control node, For example, the MME 162 may be responsible for
authenticating users of the WTRUs 1023, 102b, 102¢, hearer activation/deactivation, seledling a particular
serving gateway during an iniliel attach of the WTRUs 1023, 102b, 1020, and the like. The MME 162 may
provide a control plane function for switching betwesn the RAN 104 and other RANs {not shown) that
amploy other radio technologies, such as GSM and/or WCDMA,

00481  The SGW 184 may be connecied to sach of the eNoda Bs 160a, 1600, 160c in the RAN 104 vig
the 81 inferface. The SGW 164 may generally route and forward user data packsis tofirom the WTRUs
102a, 1020, 102¢. The SGW 164 may parform other functions, such as anchoring user planes during inter-
eNode B handovers, triggering paging when DL data is available for the WTRUs 1023, 102b, 1020,
managing and sioring contexis of the WTRUs 102a, 102b, 102¢, and the ke,

106477  The SGW 164 may be conneciad to the PGW 166, which may provide the WTRUs 1025, 102b,
102¢ with access to packet-switched networks, such as the Internet 110, to facilitats communications
between the WTRUs 102a, 102b, 1020 and IP-enabled devices,

100487  The CN 106 may facilitate communications with other networks. For example, the CN 106 may
provide the WTRUs 1023, 102b, 1020 with access o circuil-switched neftworks, such as the PSTN 108, o

facilitate communications betwaen the WTRUs 1023, 102b, 102¢ and traditional land-line communications
.G.
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devices. For example, the CN 106 may include, or may communicate with, an 1P gateway (8.9, an IP
multimedia subsystemn (IMS) server) that serves as an inferface betwaen the ON 106 and the PSTN 108,
In addition, the CN 106 may provide the WTRUs 1023, 102h, 1020 with access io the other networks 112,
which may include other wired and/or wireless networks that are owned and/or opsrated by other service
nroviders,

00481 Although the WTRU is described in FIGS. 1A-1D as a wireless terminal, it is conternplated that in
cartain represeniative embodiments that such a terminal may uss {(8.q., temporarily or permanently} wired
sornmunication interfaces with the communication network.

00501 Inrepresentative smbodiments, the other network 112 may be a WLAN,

00511 A WLANIn Infrastruciure Basic Sarvice Sat (BSS) mode may have an Access Point {AP) for the
BSS and one or more stations (STAS) associaled with the AP, The AP may have an access of an inferface
to g Distribution Sysiem (DS) or anothsr tvpe of wirediwirsless network that carries fraffic in to andfor cut of
tha B3S. Traffic fo STAs that originatss from outside the BES may arrive through the AP and may be

o

delivered to the STAs. Traffic originating from STAs to destinations oulside the BSS may be sent to the AP
fo be deliversd to raspeciive destinations. Traffic betwesn STAs within the BSS may be sent through the
AP, for example, where the source STA may send traffic to the AP and the AP may deliver the traffic fo the
destination STA. The traffic between STAs within a BSS may be considered andfor referrad to as peer-to-
peer iraffic. The pser-to-peer fraffic mav be senf betwsen {e.q., diractly behwaen) the sourcs and
destination STAs with a direct link setup (DLS). In certain representative embodiments, the DLS may uss
an 802.11e DLS or an B02. 11z tunnelad DLS (TDLS), A WLAN using an Indepandent BSS (IBSS) mode
may not have an AF, and the 5TAs {8.g., all of the STAs} within or using the 1BSS may communicate
directly with each other. The IBSS mode of communication may sometimes be referred to herein as an
‘ad-hod” mode of communication.

[0052]  When using the 802 11ac infrastruciurs mods of operation or a similar mode of operations, the
AP may transmit a beacon on a fixed channsl, such as a primary channel. The primary channs! may be a
fixed widih (e.q., 20 MHz wide bandwidih) or a dynamically set width via signaling. The primary channel
may be the operating channel of the BSS and may be used by the STAs {o establish a connection with the
AR, In certain representative embodimants, Carrier Sense Multiple Access with Collision Avoidance
(CSMA/CA) may be implamentad, for example in in 802,11 systems. For CSMA/CA, the STAs {e.q., svery
STA), including the AP, may sense the primary channal. 1f the primary channal is sensad/detected andior
dafarmined to ba busy by a particular STA, the particular 3TA may back off. Cne STA {g.¢., only one

station) may franemit at any given tims in a given BSS,
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00531  High Throughput (HT) STAs may use a 40 MHz wide channal Tor communication, for example,
via a combination of the primary 20 MHz channel with an adjacent or nenadjacent 20 MHz channal to form
& 40 MHz wida channel.

[0054]  Veiy High Throughput (VHT) STAs may support 20MHz, 40 MHz, 80 MHz, andior 160 MHz wide
channsis. The 40 MHz, andfor 8¢ MHz, channels may be formed by combining contiguous 20 MHz
channeis. A 160 MHz channel may be formed by combining 8 contiguous 20 MHz channels, or by
combining fwo non-contiguous 80 MHz channels, which may be referred to as an 80+80 configuration. For
the 80480 configuration, the data, after channel encoding, may be passed through a segment parser that

-

may divide the data into two streams. Inverse Fast Founier Transform (IFFT) processing, and tirme domain
processing, may be done on each slream separately. The streams may be mapped on to the two 80 MHz
channeis, and the data may be iransmitied by a franemitting STA. At the receiver of the receiving STA, the
above described operation for the 80+80C configuration may be reversaed, and the combined data may be
sent to the Medium Accsss Control (MAC),

[G0655]  Sub 1 GHz modes of operation are supported by 802.11af and 802.11ah. The channel operating
bandwidths, and carriers, are reduced in 802.11af and 802.11ah relative to those used in 802.11n, and
802, 11ac. 802 11af supporis 5 MHz, 10 MHz and 20 MHz bandwidths in the TV While Space (TVWS)
spactrum, and 802.11ah supports 1 MHz, 2 MHz, 4 MHz, 8 MHz, and 16 MHz bandwidths using non-
TVWS specirum. According io a representative embodiment, 802, 11ah may support Meter Type
ControliMachine-Type Communications, such as MTC devices in a macro coverage area. MTC devices
may have cerlain capabilities, for example, imited capabilities including support for {8.g., only support for)
certain andfor limited bandwidths. The MTC devices may include a battery with a baltery life above a
threshold {&.g., fo maintain a very long battery life}.

{00567 WLAN systems, which may support multinle channels, and channel bandwidihs, such as

807 11n, 802118, 802.114f, and 802.11ah, include a channel which may be designated as the primary
channel, The primary channel may have a bandwidth equal fo the largest common operating bandwidth
supported by all STAs in the BSS. The bandwidth of the primary channal may be set and/or limited by a
STA, from among all STAs in operating in a BSS, which supports the smallest bandwidth operating mods.
In the example of 802, 11ah, the primary channsl may be 1 MHz wide for 8TAs (8.q., MTC lyps devices)
that support (g.g., only suppori) a 1 MHz mode, avan if the AP, and other 3TAs in the BSS support 2 MHz,
4 MHz, 8 MHz, 16 MHz, andfor other channel bandwidth operating modes. Carrier sensing andfor Network
Allocation Vecior (NAV) setlings may depend on the siaius of the primary channel. I the primary channel

is busy, for exampls, due to a STA (which supports only a 1 MHz operating mode), tranemiiting to the AP,
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the enfire available frequency bands may be considered busy sven though a majority of the frequency
bands ramains idie and may be available.

106571  In the United States, the avaliable frequency bands, which may be used by 802.11ah, are from
902 MHz to 928 MHz. In Korea, the avallable frequency bands are from 917.5 MHz t0 923.5 MHz. In
Japan, the avallable frequency bands are from 916.5 MHz 10 927.5 MHz. The fotal bandwidth available for
807 11ah is 6 MHz o 26 MHz depending on the couniry code,

00581 FIG. 1D is a system diagram lusirating the RAN 113 and the CN 115 according to an
embodiment, As noted above, the RAN 113 may employ an NR radic technology to communicate with the
WTRUs 1023, 102b, 1020 over the air interface 115, The RAN 113 may also be in communication with the
CN 115,

00581 The RAN 113 may include gNBs 1803, 180b, 180c, though it will be appraciated that the RAN
113 may include any numbsr of gNBs while remaining consisisnt with an smbodiment. The gNBs 1803,
180, 180c may each include one or mors transceivers for communicating with the WTRUs 102z, 102k,
102¢ over the &ir interface 116, In ohe smbodiment, the gNBs 180a, 180k, 180c may implement MIMO
fechnology. For example, gNEs 1803, 108b may utilize beamforming to transmit signals to andfor receive
signals from the gNBs 1804, 180b, 180c. Thus, the gNR 1804, for exampls, may use multiple antennas to
transmit wireless signals to, and/or recsive wirsless signals from, the WTRU 102a. in an embodiment, the
gNBs 180a, 180b, 180c may Implsment carrier aggregation technology. For exampls, the gNB 180a may
transmit muitiple component carriers o the WTRU 102a {not shown), A subset of thase component
garriers may be on unlicensed spectrum while the remaining component carriers may be on licensed
spactrum. in an ambodiment, the gNBs 180a, 18Cb, 180c may implerent Coordinated Multi-Paint {ColMi)
fechnology. For example, WTRU 102a may receive coordinated transmissions from gNB 180a and gNB
180b {andfor gNE 180c).

00601  The WTRUs 1028, 102b, 10Zc may communicale with gNEs 180a, 180b, 180¢ using
fransmissions associated with a scalable numerology. For exampls, the OFDM symbol spacing andfor
OFDM subcarrier spacing may vary for different transmissions, different cells, andfor differsnt portions of
the wirsless transmission spectrum. The WTRUs 1024, 102, 102 may comimunicais with gNBs 180s,
180b, 180c using subframe or transmission time intervals (TTis) of various or scalable lengths (s.g.,
gontaining varying number of OFDM symbels andfor lasting varying lengths of absolute time),

[0081] Ths gNBs 180a, 180b, 180¢ may be configured to communicate with the WTRUs 1023, 102h,
102¢ in a slandalone configuration and/or a non-standalons configuration. In the slandalone configuration,
WTRUs 1022, 102b, 102¢ may communicate with gNEs 180a, 180b, 180¢ without also accessing other
RANs {e.q., such as eNode-Bs 160a, 160b, 160¢). In the siandalone configuration, WTRUs 1023, 102b,
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102¢ may uitilize one or mors of gNBs 180a, 180b, 180¢ as a mobilily anchor peint. in the slandalons
configuration, WTRUs 102z, 102b, 102¢ may communicate with gNEs 180z, 1800, 180c using signals in an
unlicensed band. In a non-standalone configuration WTRUs 1023, 102b, 10Zc may communicats
with/connect to gNBs 1804, 180b, 180c while also communicaling with/connecting to another RAN such as
aNode-Be 160a, 160b, 160c. For example, WTRUs 102a, 102b, 102¢ may implement DC principles fo
gommunicate with ona or more gNBs 1803, 180h, 1800 and ong or more eNode-Bs 1603, 160b, 160¢
substantigily simultaneously. In the non-standalons configuration, eNode-Bs 160a, 160b, 160c may serve
a3 a mobility anchor for WTRUs 1024, 102b, 102¢ and ghRs 1803, 18Ch, 180c may provide additiona
coverags andfor throughput for servicing WTRUs 102a, 102b, 102¢.

[0082]  Each of the gNBs 180a, 180b, 180c may be associated with a particular cell {not shown) and
may be configured to handle radio rescures managemsnt degisions, handover decisions, scheduling of
users in the UL andfor DL, support of netwerk slicing, dual conneciivity, interworking between NR and E-
LTRA, routing of user plane dala towards User Plane Function {UPF} 1844, 184b, routing of control plane
information fowards Acesss and Mobility Management Function (AMF) 1828, 182b and the like. As shown
in FiG. 1D, the gNBs 1803, 180b, 180c may communicate with one anothar over an Xn interface.

[0083]  The CN 115 shown in FIG, 1D may include al least one AMF 1824, 182b, gl lsast one UPF
184a,184b, at lsast one Session Management Funaction {SMF} 1833, 183b, and possibly a Data Network
(DN} 1853, 185b. While each of the foregoing elements are depicted as part of the ON 115, it will be
appreciated thal any of these slemenis may be owned andéor opsrated by an entity other than the CN
operator,

10084]  The AMF 1823, 187b may be connected o one or more of the gNBs 1803, 180b, 180c in the
RAN 113 via an N interface and may serve as a conlrol node.  For example, the AMF 1823, 182b may be
rasponsible for authenticating users of the WTRUs 1023, 102b, 102¢, support for network slicing (e.g.,
handling of different PDU sessions with different requiremenis), selecting a particuiar SMF 1833, 183b,
management of the registration area, terminaticn of NAS signaling, mobility management, and the like.
Network slicing may be used by the AMF 1823, 182b in order to customize CN support for WTRUs 1023,
1025, 102¢ based on the types of services being utilized WTRUs 1023, 102b, 10Zc. For example, different
network slices may be established for differsnt use casss such as seivices relying on ullra-reliable low
latency (URLLC) agcess, sarvicas relying on enhanced massive mabile broadband (eMEE) access,
services for maching type communication {MTC) ancess, andfor the fike. The AMF 162 may provide a
conirol plane function for switching between the RAN 113 and other RANg (hot shown) that employ other

radio ischnologias, such as LTE, LTE-A, LTE-A Pro, andlor non-3GPP access technologies such as Wikl
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[0085] The SMF 1833, 183b may be connected to an AMF 182, 182b in the CN 115 via an N11
interface. The SMF 1834, 183b may aleo be connected to a UPF 184a, 184b inthe CN 115 via an N4
interface. The SMF 1833, 183b may select and conirol the UFF 1844, 184b and configurs the routing of
trafiic through the UPF 184a, 184b. The SMF 1833, 183b may perform other funclions, such as managing
and aliocating UE 1P address, managing PDU sessions, confrolling policy enforcement and oS, providing
downlink data nofifications, and the like. A PDU ssssion type may be P-based, non-iP basad, Ethemnet-
based, and the like

106667  The UPF 184a, 184b may be connected to one or mars of the gNEs 180a, 1800, 180c inthe
RAN 113 via an N3 interface, which may provids the WTRUs 102z, 102k, 1020 with access to packet-
switched networks, such as the internet 110, to facilitale communications between the WTRUs 102a, 102b,
1032c and [P-enabled devicss, The UPF 184, 184h may parform other funclions, such as routing and
forwarding packets, enforcing user plane policies, supporting mutti-homed PDU sessions, handling user
plane QoS, bulfering downlink packets, providing mobility anchoring, and the like,

{03677  The ON 115 may facilitate communications with other natworks. For example, the CN 115 may
include, or may communicate with, an [P galeway {e.g., an IP multimedia subsystem (IMS) server) that
seives as an interface betwsen the ON 115 and the PSTN 108, in addition, the CN 115 may provide the
WTRUs 1022, 102b, 1020 with accsss 1o the other networks 112, which may indude other wired andfor
wirgless networks that are owned andfor operated by other service providers. In one embodiment, the
WTRUs 1028, 102b, 102c may be connected to alocal Data Naetwork {DN) 185a, 1880 through the UPF
184a, 184b via the N3 interface to the UPF 1843, 184b and an NS interface betwesn the UPF 1844, 184b
and the DN 1854, 185,

[C068]  Inview of Figures 1A-1D, and the corresponding description of Figuras 1A-1D, one or more, or
all, of the functions describad herein with regard to one or more of WTRU 102a-d, Base Station 114a-b,
ehode-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 device{s) described herain, may be parformed by one or more emulation
devices {not shown}. The smulation devices may be one of mare devices configurad to emudate ona or
more, or g, of the functions described herein. For exampls, the emulation devices may be used o test
other devices andfor o simulate network andfor WTRU funclions

106691  Ths emulation devices may be dasigned o implemant ong or more tests of other devices in alab
enwirenment andfor in an operaior network snvironment, For exampls, the one or mors emulalion devices
may perform the ong or more, or all, functions while being fully or partially implemanted andfor deployed ae
part of a wired and/or wirsless communication network in order to test other devices within the

comminication network., The one o more emuiation devices may perform the one or more, or all,
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functions while being temporarily implementedfdepioyed as part of & wired andior wirgless co

natwork., The emulation device may be directly coupled to another davice for purposes of testing andfor
may performing testing using over-the-air wireless communications.

[0070]  The one or more smulation devices may perform the one or more, including all, functions while
not baing implemented/deploved as part of a wirsd andior wirelass communication network, For sxampls,
the emulation devices may be utilized in a testing scenario in a testing laboratory andfor a non-deployed
(2.4, lesting) wired andior wirsless comimunication network in ordar fo implement {esting of one or more
sormponents. The ong or more emulation devices may be test equipment. Direct RF coupling andfor
wiraless communications via RF circuitry {e.g., which may include one or more antennas) may be used by
the emuiation devices to fransmil andfor receive dala.

[0671]  Systems, methods, and instrumsntalities ars described herein related {0 jitter monitoring. The
systerns, methods, and instrurmentaliies may be associgled with extended andfor muitimodal reality XRM)
services. The tarm “jitter moniforing” may be used interchangsably herein with the term "jitter measuring.”
106721 A neblwork device or node such as a polioy contral function (PCF) may be configured with {e.g.,
additional) information regarding jitter monitoring or jilter measurement (8.q., by a WTRU andfor a ussr
plane function (UPE)), for example, at a profocol data unit (PDU) set lavel or a burst leval. When referred
to herein, a burst may refer to a set of PDUs or ons or more PDU sets generated and sent (s.g., by an
appiication) within a period of time. The {a.g., additional) information configuraed Tor the network devics
may include or indicate one or more of the Tollowing: information about whether the jitter monitoring should
he parformed at a PDU level, a PDU set level, or a burst level; information about whether the jitter
moniioring is related to a {8.g., each) media modality {8.9., video, audio, tactils, ste.); andfor an indication
of what method should be used to calculals a jitter or what type of jitters should be measured, among other

parameters. The PCF may gensrate a jitter monitoring policy (8.

b AR

ona or more policy charging and control
{(PCC) rules that include jitter monitoring information) based on the receivad information. The PCF may
nrovide {e.¢., forward) ths jitter monitoring policy (.., the one or mors PCC rules) o one or more gther
network devices such as a session management function (SMF), a UPF, andfor a WTRUL The PCF may
recelve jitter measurerent results subsequent io the provision of the jitter monitoring policy. The PCF may
notify an application server (AS) or application function (AF} about jitter related svenis (s.g., the iitier
monitoring results), for example, via a network exposure function (NEF) that exposes the PCF andfor other
natwork devices to the ASIAF.

0731 A WTRU andfor a UPF may use a PDU set level playout or de-jitiering buffer, e.g., {o minimize
jittering. The WTRU andfor the UPF may rsceivs configuration information about one or more

characteristics of the buffer {e.q., a bulfer size). The WTRU andfor the UPF may receive jitter menitoring
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sarameters via one or mors QoS rule(s) {s.g., for the WTRU) andior one or more N4 rules {e.q., Tor the
UPF). The WTRU andfor the UPF may parform jitter maasurements. The WTRU and/or the UPF may
raport results of the measurements to an SMF andfor a PCF. The PCF may send jilter measurement
results to an AF/AS {e.g., via aN NEF). The AF/AS may provide informaiion io help modify the PDU set
lavel de-jitter buffer at the WTRU and/or the UPF,

04741  Systerns, methods, and instrurnentaliies are described herein related io jitter monitoring for
sxtended andior mullimodal redlity (XRM) seivicss. Sysiems, methods, and instrumenialilies are
describad herein relatad to the provisioning of fitter monitoring policiss and/or requirements {e.q., at a PBU
set level} in a wirsless communication network {e.g., such as a fifth-generation system (bG8}

10075] A network device {8.9., a device comprising or configurad to perform a palicy control function
(PCF) may be configured to parform one or more of the following actions. The network devics {e.q., the
FCF) may receive a message that includes jitter monitoring information. The message may includs an
indicaiion of whether jitter monitoring is enabled {(e.q., required) and/or whether jitler moniloring should be
parformed at a PDU level, a PDU set level, or a burst isvel (e.q., for a media modality). The messags may
include an indication of what method may be used to caloulate jitters andfor what type of jitters may be
measured. An application function {AF) may foresse (s.g., for some modalities, such as a video modalily)
different codec settings that a modality (8.g., avidso modality} may take, e.q., for an extended andior
multirnodal reality (XRM) service. The AF may provide (e.q., indicaie to & network device) different jitter
moniioring parameters for different combinations of video resolutions and/or frame rafes. The AF may
provide triggering conditions for jitler monitoring {e.g., for cerfain modalities). The AF may provide a delay
budgat, a PDU sat delay budgst, andior delay budgst monitoring for a {e.g., sach) modality. The AF may
provide a delay differencs thrashold betwesn different modalities of an XRM service. The AF may provids
jitter monitoring parameters for burst level monitoring.

06781 A network device such as a PCF may use the information provided by an AFIAS {a.g., via a NEF)
to determine or generate one or more jitler moniioring policies for a multi-modal seivics (8.9, sxlendsd
reality (XR) service). The one or maors policies may he determined or generated as part of a quality of
service {Q05) moniioring rule (8.9, in the form of cne or more policy charging and control {FCC} rules).
The network device may send the policies andfor rules o one or more other network devices including, for
example, a device comprising or configured to parform a session management function (SMF).

[00771  The nefwork devics (e.g., PCF) may receive {8.g., Trom an SMF) a notification about a jitisr
measurament resull, for example, if the amount of measurad jitler has exceeded a certain threshold. Ths
natwork device may send an indication of the jitter measurerent result (8.g., a notification related to the

jitter measurement resuit) to the A, e.g., via an NEF.
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[0078] A device (8.q., a WTRU andior a network device/node configured as a UPF) may perform one or
more of the following actions. The devics may receive jitter monitoring information included in one or more
(05 rules provided by a PCF {e.g., via an SMF). The davice may pariorm jitler measuremenis according
to the received jittering moniforing information {e.q., which may include one or mors jitlsr measurement
parameters). The device may send a jitter measurement result to the SMF, which may forward the resuli fo

the PCF.

[0079] A device as described herein may include a processoer configured to perform one or more actions
gonfigured for the device, For example, a device {8.q., a NEF) as describad herein may include a

nrocessor configured to recelve, from a requesting entity {e.9., an AS/AF), a request for a multi-modal
session with a WTRU and/or jitler monitoring information. The device may send a policy authorization

raquest to another device {8.¢., Io a PCF) for the multi-modal session andior jitter monitoring associated

with the multi-modeal session. The device may receive a policy authorization response {g.g., from the PCF),
wherein the policy authorization response may confirm authorization of the policy authorization regusst,
The davice may send, to the requesting enfily (e.q., the AS/AF), a message fo confirm the muiti-modal
session. The devics may recelve at least ons of a jitter measursment rasult or a notification related o the
jier measurament resull {8.g., from the PCF) and may the jitier measurement resull or the nolification
related o the jitter measurament rasult to the requesting enfity,

106801  The iitter monitoring information described hersin may indicaie whether jitter monitoring should
be performed, ajilter caloulation tvpe or a jitter caloulation method, an index {o & sel of jilter monitoring
parameters, ete. The set of jitter monitoring parameters may comprise a respactive jitter monitaring
parameter associated with a condition. A message that confirms the muiti-modal session may indicale a
confirmation of the information andior parameler(s) indicated by the requesting eniity when requesling the
multi-modal session and providing ths jitter monitoring information, The requesting sntity may be an
appiication function.

[0081]  Traffic in a flow may be periodic. For example, a downlink flow from & server {8.g., an application
server} {o a WIRU may carry FDUs and the PDUs may bes transmitted {2.g., by the server fo the WTRUW in
a periodic pattern. The periodic patiern may be, for axample, one PUU sant every time pericd,

06821  Ths delay that each PDU experisnces may be different, for axample, due to the naturs of the
network that carries downlink data {e.q., from an AS 1o a UPF or a WTRU). Jitter may be a measure of
how much the delay thal is experienced by each PDU varies. Jitter may be a measurs of how much the
fime period used fo fransmit each PDU variss (8.q., as measured by the UPF)

[0683]  An application server associated with a wirsless communication network or system may provide
anetwork devics (8.9, a PCF) with the expscled periodicity of a traffic flow. The network device (e.q., the
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FCF} may provide the expected periodicity of the traffic fiow fo ancther network device such as an SMF,
The SMF may provide the information to yet ancther network device such as a UPF,

106841  The UPF may report [itter measurements o the SMF. The SMF may provide the jitler
maasurements o @ RAN node such as a base slalion. The RAN node may use the information to adjust
the connected mode discontinuous reception {CDRX) settings of 2 WTRLU.

106857 The UPF may report jitter measurements o the application server, The jitter measurement
reports may be sent directly to the application servar, or they may be sent indirsctly, for example, via the
SMF, the PCF, andfor an NEF. The application server may use the jitter measurement information o
configurs one or more jitter buffers in a server application and/er a WTRU application.

coss]  PDU setintegrated handling information (PSIHE may indicate whether ona or more (8.g., afi)
PDUs of a FDU set should be transmitiedireceived before the PDU set can be used by an application layer
{e.g., on areceiver side). PSIHI may be provided 10 a network device {8.¢., a PCF) by the application
sarver. PSIHI{e.g., if enabled) may be applied to (e.q., all) traffic of a PDU satin a QoS flow.

00871 A de-jitter buffer may (.., be configured to) remove the effects of jitter from a recelved stream
for example, by buffering each arriving packet for a short interval before playing out the packets
synchronously. A fixed de-jitier buffer may maintain a consiant size. An adaptive de-jitter buffar may {(a.g.
have a capability o dynamically) adjust a size of the buffer fo oplimize a delay/discard trads-off,

[0088] A de-jitter buffer size (JBS) may be dafined as the maximum amount of time packets can stay in
the buffer. A de-jitter buffer delay (JBD) may be referrad to as a de-jitter delay, a hoiding tims, or a play-out
delay. A JBD may correspond 1o the time packels stay in the buffer, which may be less than the de-jitter
buffer size. The time of depariure of each packet may be deleimingd by reading oul the timestamp
information provided by a real-tims transport protocol (RTP), for example.

1006897  Jitler may be used for CORX configuration. A network davice {8.g., a UPF) may be configured
with a session reporting rule 1o assist an RAN node {e.q., a base station) in establishing CDRX
configuration paramsters for a WTRU. The sassion reporting rule may be, for example, "Per QoS Flow N6
Jitter Measurement Report” The ruls may include N6 jitter measurement control information thet may
indicate that the nstwork devics (e.q., UPF) should report N6 jitier informalion assceialed with a downlink
(DL) periodicity for a QoS flow in a downiink direction {e.¢., 1o assist the RAN node in configuring CORX for
the WTRLD, An N6 jitter measurement repert may be generated by the network devics (e.g., the UPF) and
gent fo angther network device {g.g., an SMF), Ths report may indicats an Nb jitter measuremant result for
the pariodicity of the QoS flow.

00901 A PDU session establishment with 2 QoS {8.g., by an ASIAF), a network {e.g., a 5G system)

may be providad with periodicity information. Ths periodicity information may be provided by the AR to a
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first network device (8.g., a PCF) via an NEF, or diractly to the firel network devics, e.q., iflwhen the AF is
frusted. The first network device {2.g., the PCF} may send the periodicity information received from the AF
to a sacond network device {e.g., an SMF). The first network device may include {e.g., within one or more
PCC rules) an indication for the second network device 1o request a third natwork device (s.g., aUFF} fo
nerform jitter measurements, &.¢., in accordance with oparaior’s local policies,

00811 The second network device (8.9, the SMF} may {8.g., upon reception of the PCC rula{s))
determineg time sensitive communication assistanocs information (TSCAD and may forward the TSCAl to a
RAN nods (e.g., a base station). Ths second network device {e.g., the SMF) may send an indication of DL
neriodicity (8.g., the ime period between two data bursts) o the third network device (s.g., the UPF), e.g.
the PCC rule(s) include an indication lo perform jitler measuraments. The second nefwork devics may
raquest the third network davice to moniior andior periodically report jitier information associated with the
DL periodicily, e.g., using an N4 session modification procedure. The second network devics may provide
the DL periodicity in the request to the third network devics, How the third network device derives the N&
jitter may be implemsantation dependent. How the third network device darives the DL periodicity when not
provided by an AF may also bs implemsntation dependent.

[0092] Ths second network devics (e.q., the SMF) may receive jitter measurement resuits from the thire
network device (8.g., the UPF}, for example, in an N4 sassion level report. The second network device
may include the jitter measurament information, 8.g., together with the associated pericdicity, in the TSCA
that the second network device may forward to an RAN node {e.q., via an NG application prolocol (NGAF)
messaga). The third network device may send the N6 jitter measurement report pericdically or ifiwhen
{a.g., only iffwhen) the measured jitter is arger than & threshold, This may prevent fraquent updates from
the third network devics.

[0093]  FIG. 2 illustrates an example of [itter measurament/reporting and determination of a CDRX
configuration based on jitter information,

[0084]  Asshownin FIG. 2, at 1, afirst network device {e.q., a PCF) may send DL periodicily information
{2.9., which may be recsivad from an AF/AS} andfor an indication to perform jitter measuremsnts to a
second nebtwork device {e.g., an SMF), and the second network may Torward the recsived information to a
third nefwork devics (e.g., a UPF) configured to perform the jitter measurements. In some examples, the
second natwork devics {e.q., the SMF) may not recaive the DL periodicity information and may request the
third network device (8.9., the UPF) fo determine the DL periodicity.

[0Ga5] Al 2, the third nebwork device (.., the UPF) may, after receiving jilter measuremsant related
gontrol Information {e.q., NG jitter meastrernent contrad information), parform ons or more jiter
maasursments basad on the confrol information. For sxample, the third network devics may measure
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andfor report, basad on the recsived control information thal may include the jitter moniloring indications
andfor rules described hersin, N6 jitter information associatad with a DL pericdicity for a QoS flow in the
downlink dirsction. As part of the process, the third network device may map a service data flow (SDF) o a
QoS flow.

00961 AL 3 the third netwaork device (e.q., the UPF) may provide jitter measuremsant information {8.g., 2
jitter measurement resuit) to the second network devics (e.g., the SMF}

100971 At 4 the second network devics {e.q., the SMF) may provide jitter information to a RAN nods
such as base station.

[0098] A5, the RAN node may use the recsived jitter information to configure CDRX for a WTRL,
1069981 Ths exampls shown and describad with respect to FIG. 2 may assume that the second nebwork
device {.g., SMF} may provide the DL periodicily information per traffic flow (e.q., per SDF), or that the
second network device (8.9, SMF) may ask the third network device (8.q., UPF) to measure the DL
pariodicity per fraffic flow {or par SDF). The example shown and dsscribed with respact to FIG. 2 may also
assume that one traffic flow (e.g., or SUF) may be mappad to a QoS flow, andfor that jitter may be
measured per QoS flow.

[100] A wirelsss communication network {e.g., 2 5G system (5GS)) may parform jitter measuremsnts
for XRM traffic. A QoS flow associated with one or more PDU sels may ba associated with a FDU Set
Delay Budget (PSDE). The jitter between FDU sets may be measured and reported, for example, if PDU
set based handling is enabled in the communication systern. An AF/AS may configure or request jitter
moniioring at a PDU set level andfor a burst level, for example, o facilitate PDU sat integrated handling.
This is because, when PDU setiniegrated handling is enabled, an application layer may make uss of a
PDU (.g., only if) the {e.g., entire) PDU set has been received. in thess sltuations, jitter between PDUs
may be less relevant than fitter between PDU sats.

01011 In soms examples, a WTRU may facilifate communication between a device that is tetherad fo
(2.9, attached or associated with) the WTRU and an application sarver (AS), As described herein, the AS
{or AR} may configure or requast a network {e.q., a wireless communioation network) to measure and
report jitler balween the AS and the tethered device,

(01021  The wireless communication network {e.¢., a 5GS) may leverage PDU set handling to help
reduce jilter at the application layer 50 that jitler doss not negatively impact user exparience. In some
axamplas, a payload playout buffer may be deployed for RTP streams. Some fraffic characteristics or
spacific sets of the fraffic may have different jitler requirements. For example, an application may prefer

jier belwesn | frames (8.q., for video conlants) io be reduced with a higher priority than jitler belween P
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frames. PDU sat handling may be uiilized to perform PDU set level buffaring, .., io minimize jitter, by
faking XRM trafiic information such as PDU sat importance values info consideration.
101031  The wireless communication network (e.g., a 5G5) may help a RAN nods such as & base siation
configurs CORX parameters, for exampie, if more than one traffic flow {&.¢., more than one SDF) is bound
to the same QoS flow.
10104]  FIG. 3illustrates an example scenaric with more than one SOF per QoS flow. As shown in FIG,
3, DL periodicity may be a property of an SDF andfor the DL traffic amriving &t a network device {8.g., a
UPFY over tha SDF. The network device may raceive information that may hsip the network device
caloulate the DL pericdicity, for exampls, if the network device is asked o derive the periodicity {e.9., when
the DL periodicity is not provided by the AF),
[105]  Asshownin FIG. 3, fitter may be measured per QoS flow. There may be multiple SDFs
multiplexed to a QoS flow, and the SDFs may have different periadicities. The DL transmissicns
associaled with the SDFs may nol bs lime dligned even if the SDFs have the same pericdicily. A network
may provide support for calouiating jitter per GoS flow.
[0108] Embodiments of the present disciosure conternplate that jitter monitoring al a PDU set lsvsl
andfor a burse level may be performed. Jitter between two packets may indicate (s.g., be definad ag) the
difference (8.g., in absolute value) between the forwarding delay of the two packsts {s.g., which may be
received consaculively) that may belong to the same stream.
101071 Considsring two consecutive PDU ssts, the first received PDUs of the PDU sats may be denoted
FDUs and PDUY, respectively, and the last received PDUs of each FDU set may be denoted PDUn and
PDUn, respectively. T we denote try and tri as the ransemil and receive times of PDUY, tre and ke as the
transmit and receive times of PDUy, trw and try as the transmit and receive times of PDUw, v and tryras
the transmit and raceive time of FDUy, the jitter J1 belween the respective first received PDUs of the two
PDU sete may be caloulated in accordance with Eqg. (1)

JU= |{tre- ) = (tre- fro)] {1)
[0408] The jitler J2 between the respaciive last received PDUs of the two PDU sets may be calculated in
accordance with g, (2%

J2 = | tre i) = (et 2)
[0108]  In some examples, PDU set jitter may be determined or measured as the average of jitter 41 and
jitter J2, for example, in accordance with Eg. (3), which may he refarred to herein as a first approach:

PDU_Set_ditier = (J1+42)/2 {3
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04101 In soms sxamples, PDU sel jitter may be defermined or measured as the jitter for the respective
first raceived PDUs of the two PDU seis, a.g., PDU_Sei_litter = J1, which may be referred to harein ag a
second approach,

04111 In soms examples, PDU sel jitter may be defermined or measured as the jitter for the respective
last received FDUs of the two PDU Sets, e.q., FDU_Set_itter = J2, which may be referred fo hersin as a
third approach.

01121 APDU Set Delay (PSD) may indicais (e.g., be dafined ag) the delay that a PDU sel may
exparience for the fransfer betwesn a2 WTRU and an N& termination point {e.g., at a UPF}. For exampls,
the PSD may be caiculated as the time between the reception of the first PDU and the reception of the |ast
FDRU of the PRI Set. Using this definition, the PDU sef delays for PDU sst 1 and PDU sat 2 may bs
determined {e.q,, using ths previous notations} in accordance with ka, (4):

frn- 4

I

PED1 =

frn-

[0413]  itter related to two PDU Sets may also be measurad, for example, based on the difference
betwesn PSD measurements, for example, in accordance with £g. {(5), which may be referred to herein as
a fourth approach:

PS_litter = |PSD1 ~ PSD2] (5)
[0114]  The example approachas describad herein may be different and may carry different information
about the delay difference regarding PDU sete. One or mare of (8.9, all} of the approaches may be
ralevant to an application funclion. For example, the jitter measuremant using Eq. {3) may indicate how
much ihe Jilter per PDU changes on average during the transmission of the PDU sel. The jitler
maasuremsnt using Eq. (5) may indicate how much the PRU set delay varies from ong PDU sat to the next
ong, which may be usefud, for example, (0 sst the PSDB value for the QoS flow that carries the FDU set,
[0115]  FIG. 4 illustrates example approaches for performing iitier measursment at a PDU sei lavel,
Similar approaches for caloulating and measuring jitter af a burst lavsl may be used, for example, by
considering the respective first and last succassiully delivered FDUs of two bursts {s.g., using any of the
equalions or approaches desoribed herain) to calculaie a jitter. The jitter measurement and calculation
may use, for example, the first PDU andéor PDU sst of the burst, and the last PDU andior PDU set of the
burst.
[0118]  PDU st jilter monitoring requirsments may be provisioned in a wireless communication network
{8.g., a2 5GS). In some examples, an application function {AF) may request to establish a mulii-modal XRM
session with a WTRU through the wireless communication network (8.9, 8G8). The AF may provide

reguiremenis and/or configuration information relaled fo jitter monitoring. FIG. 5illustrales an example of

- 922 -



WO 2024/211840 PCT/US2024/023449

how the wirsless communication network {8.9., 5GS) may bs configured with the information to serve a
multi-modal service hetwsen the AF and the WTRUL

101177 At 1 of FIG. &, the AF {or an AS) may request fo set up a multi-modal session with the WTRU via
the wirsless communication nefwork {e.g., 5G8), for example, by invoking an NEF application programiming
interface (AP1), As an example, the APl may be modelsd after the Nnef_AFsassionWithQoS sarvice
operation. The AF may provide (8.9, in the request) service information, such as flow description
information, WTRU addrass, andfor a combinaiion of data network nams (DNN} and single network slice
sglection assistance information {S-NSSAI). The AF may provide service requirsments related to the multi-
maodal service, for example, inckiding QoS monitoring requirements andfor QoS paramelers, such as a
sackat delay budget for a (8.9., each) media modality.

01181  Ths AF may provids jitter monitoring information {e.g., fitter monitoring parameters) for the muiti-
modal service {e.g., which may be an XRM service). The jiiter monitoring information/parameters for the
ARM service may indicals, for example, one or mors of the Tollowing: an indication of whether jilter
monitoring is required; an indication of whether jitter monitering should be performed at a PDU lavel, 2 PDU
set level, or a burst ievel (8.9, for a media modality); a jitter monitoring period or jitier monitoring frequency
{a.g., for downlink traffic and/or for a modality); an indication of what method should be used to caiculate
the jitter andfor what typs of jitter should be measured; CODEC settings associated with a video modality of
the XRM sarvice, avenisfoonditions that may trigger the wirsless communication natwork to perform ceriain
operations {&.g., such as reporting jitter measursements andfor jitter monitoring evenis o the AF); uplink
jitier moniioring mode(s) andior parameters; round trip (RT) related jitter monitoring parameters; condifions
to trigger the jitter monitoring for certain modaiities; PSIH! enablemant andfor indication; jitter monitoring
paramslers for burst level moniforing; & multi-modal service 1D, ele.

[0118]  The AF may provide an indication of whether jitter monitoring is required and If 8o, an indication
of whether jitter monitoring should be performad at a PDU level, a PDU set level, or a burst level for a{e.g.,
sach} modality. The AF may provids (e.q., for downlink traffic andfor for each modality} a jitter monitoring
neriod andfor jitter monitoring frequency. The AF may provide PDU set jitter monitoring requiremsnis {(e.g.,
frequency, periad, efe., for sach modality) if FDU set handling is enabled for an XRM sarvics,

01201  Ths AF may provide an indication of what method should be used to calculate the jitter andior
what type of jitter should be measurad. The AF may indicate which methaod it prefers the wirsless
communication network to use, for example, if the AF is awars of has a pre-agresmeni with the wireless
communication natwork about the possible methods fo use to caloulate jitter (e.g., PDU set jitter).

101211  Tha AF may provids {e.q., for some modalities, such as video modality) different codec ssttings
that the video modality may be able to fake Tor the XRM service. For exampie, the AF may provide
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different jiltter monitoring parameters for diffsrent vidso resclutions, frame rate combination, etc. The AF
may provide the parameters in advance so that when the wirsless communication network is aware that the
codac seitings changed or are about 1o change, the wireless communication may change or relrieve the
jitter monitoring parameters accordingly. The sets of parameters may be indexsd 50 that if the index of the
used codec setling has changed, the wireless communication network knows which jitter monitoring
parameters are used.

[0122] Ths AF may specify svenis that may frigger the wireless communication network 1o perform
gertain operations including, for example, o report jitter measurements andfor jitter monitoring events to
tha AF. For exampls, the AF may provide threshold values for PDU set jitter, so that if a the PDU set jitter
maasurement exceads the thrasheld, the wireless communicalion network may repori the svent o the AF
{a.g., the report may additionally indicate jitier measurament resulfs). For example, the AF may provids
different thresholds andior ranges for jitter vaiues {e.g., for each modality}, and the wireless communication
network may report to the AF which range the jitter belongs (o {8.q., or parform a certain action if possible).
{01231  The AF may provide an uplink jitler monitoring made andior parameters, for example, similar to
the downlink {s.g., measuwremant pericd, reporting fraquency, andfor svent notification configuration). The
AF may provide round trip (RT) relaled jitter monitoring paramelers. In some scenarios, the AF may bs
interssted in the round-rip jitter measurement information, &.9., instead of DL or UL jitter measurement
information.

01241 Ths AF may specify conditions that may be frigger fitter monitoring for one or mors certain

modalitiss. For example, the AF may provide a dslay budget {e.g., PDU set delay budget) andior delay

b AR

13

hudget monitoring for & {8.9., each) modalily. The AF may provide a delay differsnce threshold batween
ditferant modalities of the XRM service, The AF may consider if irrelavant io measure the jitter, for
example, if the delay measuremsnt is above a (8.g,, certain) value, The AF may tell the wirelsss
comminication network to stop monitoring jitter for certain modalities, for example, if the delay difference
maasurement between two modalities is ahave a (.., cartain) thraghold (e.qg., becauss synchronization is
not held betwaen modalitiss by a thrashold amount). Related monitoring versus seperate monitoring may
not be relevant or may not be needed, for sxample, If another monitoring is not salisfied.

01251 Tha AF may provide an indication of whether PDU set integrated handling is enabled andfor &
FSIHL indication. When PDU set integrated handling is enablad, some or all of the FDUs of a PDU set may
be nesdad for the PDU ssi to be useful in an application layer. For exampls, if all PDUs of a PDU set ars
naeded for the PDU set o be useful, the PDU sai may be diccarded if one of lis PDUs islost. In soms
examples, the absencs of an indication of FDU set integrated handling enablement may mean that it is

possible fo lose one or more {8.g., some} PDUs from a FDU set {8.g., not more than a certain percentage
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of FDUs) without considering thal the PDU set is irrelevant and can be discarded (8.q., the PDU set may
ba kept in this situation). In some examples (e.q., depending on whether a PDU sal integralad handiing
enablement indication is present), the AF may {e.q., impliedly) insiruct a wireless communication network
to perform jitter monitoring differently {8.¢., for each modality). Anindication of PDU sst infegrated
handling enablemsnt may impact which P sefs may be considerad for a PDU set fitter measuremeant,
andior how the jitter may be measured {e.g., for partially racoversd PDU sets or fully received PDU sets).
The AF may provide one or more parametars indicating the method or approach 1o use and/or which type
of PDU sat to use for the jitter monitoring (8.¢., for each modality}.

101287 The AF may provids jitter monitoring parameters for burst level jitter moniioring. The AF may
provids traffic description information for the bursts, which may be in the form of an 1P 3-tupls. I, for
example, more than one modality is carried within a QoS flow, the AF may provide the same or different
burst lovel jiiter measuraments for each modality. The AF may, in this case, provide different monitoring
paramslers for the fraffic desoriptor of sach XRM modality. The AF may specify whether the AF requests
intra-buret {8.q., within the burst iteelf) and/or inter-burst {.¢., belwesn consecutive burels) jitter
maasuremsnts. The AF may provide a measurement pariod, which may ba a time duration over which a
jiHer measurament may be performed. The AF may provide a sampling period, which may represent how
often the wirsless communication network {.g., a 5G8) may take a sample PDUPDU sst and use the
sampie in the calculation of burst leve! jitter. For sxampls, the AF may indicats that within 2 measurement
period of 20ms, the wirslsss communication network should sample a PDU/FDU set svery 4ms and use
the sample {e.q., including the fransmit and receive times) for jitter measurament,

101271  The AF may provide a number of PDU sels fo be used for burst level jitter measurementin a
{2.g., ceitain) period of time, For example, the AF may request to use five (5) PDU sels every 30ms to
measure jitter. The AF {e.g., if possible) may spacify which PDU sets to use for a measuremesnt, For
example, the AF may indicate that the AF wants the wirsless communication network to include the first
PDU ssl as well as the last PDU selin the burst(s) to be used fo caloulate the jitler. The AF may use fraffic
characteristics as parameters. For sxample (e.q., Tor avideo modaiity), the AF may request 1o uss 75% |
frames and 25% non- framss in the calculation of the burst jitter, and/or the AF may provide a pattern of
frames fo use io calculale the burst level jitter (8.q., uss the patlern IPPPI to caleulats ths jitter).

01281 The AF may provide a multi-modal service i, which may an identifisr that associates mulii-
modal flows belonging io the same multi-modead service. The AF may send the multi-modal session seiup
reguast andfor the iitier moniforing information (e.g., jitter monitoring parameters) to the NEF af 1 of FIG. &,

[0129] At Z2of FIG. 5, the NEF may authorize the requasst from the AF,

- 25



WO 2024/211840 PCT/US2024/023449

[0430] At 3aof FIG. 5, the NEF may ssnd a policy authorization request io another network device such
as a PCF. The NEF may send {0 the PCF (a.g., in the policy authorization request or a separate message)
the information that was provided to the NEF &t 1. The information may include, for example, traffic flow
descriptors, a WTRU address, andfor a multi-modal servics 1D, The information may inciude PDU set
andfor other jilter monitoring parameters.
[0131] Al 3bof FIG. 5, the PCF may authorize the request from the NEF. The PCF may gensrate jitter
monitoring policies for the relevant multi-modal XRM service based on the requssl. The policies may bs
nart of a QoS monitoring rule (8.9, which may be included in one or more PCC rules), for exampis, iIf other
naramsters, such as PDU set delay, are requestad to be monitorad by the AF for the XRM service. The
FPCF may associate multiple {8.9., two) QoS moniloning rulss with a common identifier,
10132] A4 of FIG 5 the PCF may send a policy authorization response massage to the NEF, for
example, to confirm the authorization of the service reguest.
01331 A5 ofFIG. 5, the NEF may send a massage to the AF, for exampls, to confirm the provisioning
of the XRM service with the parameters and information provided by the AF at 1.
[0134] Albaand 8b of FIG. 5, the PCF may send information regarding jitter monitoring (s.g., the
jittering monitoring policy determined by the PCE} to another network device such as the SMF, and the
SMF may forward the jitter monitoring policy to yet ancther network device such as the UPF. This
information {8.9., policy) provided ai 6a and 6b may include or reflect the information provided at 1, and the
UPF may use the information {8.9., a measurement pericd andfor a sampling period) to set up a jitler
measurament procedurs (8.q., with the corresponding periods and appropriate timers). For example, the
LPF may use the information o determine the granulaiity of jilter monitoring/measurement 1o be performed
{e.g., for each modality}, such as whether the jitter monitoring/measurament should be performed per POU,
ner FDU set, or per burst, whether the jitter monitoring/measuremsnt is for the uplink and/or the downlink,
andfor which method to use for the jitter monitoring/measurement,
[0135] Ths UPF may use the information to set up triggers and conditions for sending a notification
about jitter measurement {e.g., a measurement report) to the SMF. For example, the triggers and
conditions may include a reporting frequency. As another example, the friggers and conditions may include
a thrashold value for sending the notification fo the SMF {s.q., the nolification may be sent if measured jitter
exceads the threshold value).
[0138]  As desoribad harsin, PDU set handling may be enabled in a wireless communication natwork
(2.9, 2 BGS) for a PDU session that carrias XRM traffic, Per PDU set or burst level jitter monitoring may
be requested, and the UPF may uss FDU sequence numbers, PDU set saquence numbers, andfor an end
of burst indication to determine which PDUs or PDU sels {o use for jitler measursment (8.¢., 1o add
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fimesiamps ic}. Some of this information may be avaliable fo the UPF in g header (8.9., a GTP-U header)
of the PDUs of the PDU set,

101377 The UPF may use {e.g,, If available) PDU set importance information to determine if & certain
PDU sslis to be considerad for a jiiter caloulation. The UPF may use the PDU ssl importance value fo
differentiate batwsen | frames and P frames (8.q., for the video modality), for example, if a pattern for jitier
measurement (s.g., for burst level jitler moniioring) was provided andfor if a percentage of | frames fo be
used for jitier measurement {8.9., for burst lavel jitter monitoring) was provided,

[8138] Atboof FIG. b, the jitter monitoring policy described herein {e.g., including jitter monitoring
parameters) may be sentto a WTRU. The jitter monitoring policy may be sent o the WTRU, for example,
by the SME, which may send rules relatad fo fitter monitoring to the WTRU as part of 2 QoS rule. As
another example, the iitter monitoring policy may be provided to the WTRU by the PCF {e.g., via a WTRU
configuration update procedure),

01381 ALY of FIG. 5, the WTRU andior the UPF may perform jitter measurement {e.q., for DL andior UL
traffic), e.g., using one of more of the jitter calculation technigues described hersin,

[0140] Al 8aand Bb of FIG. 5, the UPF andfor the WTRU may send an indication of the jitter
measurement results to a network device such as the SMF.

[0141]  AL9of FIG. &, the PCF may send the jitter measuremant result or a notification related io the jitter
management result to the AF {a.q., via the NEF}. The AF {or AS) may leverags the jitter management
result, For exampie, the AF may adjust the paramsters of itter buffers at an application level. For
example, the AF may decide 1o reduce the size of the jitter buffers for a medality, such as a modaiity whers
tha iitisr is considerably low. The AF may decide o inorease the PDU set delay budget (PSDB) for a
modality, for exampls, if the AF raceivad an indication that the PDU set level jitler for the modality
exoeeded a provided threshold, Anincrease in the PSDB for a modality may permit the application server
to take into account the jilter larger than thresheld variation, which may help with PDU sst based GoS
handling at the RAN,

(01421  The AF may use the jitter between the WTRU and the UFF together with NE jitter (e.g., betwsen
the AS and the UPF) that the AF may alrsady know 0 assess the overall jitter. The AF may decide {o
adiust its buffers basad on the assessment of the overall fitter,

[0143] Ths AF may decide fo change a frame rals for a video modality based on the jitler measurement
result. For example, for videos provided af 120fps, if the AS determinas that the PDU set laval jitter is high
{e.g., exceads a threshold), the AS may switch to a S0ips configuration so that the jitter may decreass and

have lsss effect on the video modality.

1
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[0144] PDU set relaied jitlsr moniloning requirements may be providsd for devicss lethered (8.9,
attached) to a WTRUL In an example, a WTRU that is exchanging traffic with an AF/AS for an XRM sarvics
may be iethered to other devices {e.g., AR glasses and/or haptic gloves), and may receive XREM traffic
associaled with thoss devices. In this scenario, the AF and a wirsless communication network may
configure jitter measuremsntfreporting batwesan the WTRU and a networl device (e.g., the UPF) for a
tetherad link for each modality,

[0145] A PDU setlevel payload playout buffer may be implementad at a WTRU andfor g UPF. AFPDU
set level playout delay buffer may be implementad at a WTRU andfor a UPF. The buffars may be
configured, used, andfor managed at a PDU set level {8.g., consider PDU set information when storing
andfor releasing data io reduce jiller associated with a PDU set). FIG. 7 illustrales an exampls of a PDU
set lavel playout delay buffer. The buffer may be similar t0 a pavicad playout buffer used ai an application
layer o reducs jitier assodiated with a stream of data {s.g., comprising RTP packets). The buffer may be
used to reducs jitler in a wireless communication natwork, A WTRU may be configured with PDU set
handling functichalities 1o reduce jitter associated with downlink traffic at the PDU sef level, A network
device such as a UPF may be configured with PDU sat handling functionalities io reduce jitter assaciated
with uplink iraffic at the PDU ssl level. Thess functionalities may ulilize the PDU setlovel playout buffer or
the PDU set laval plavout delay buffer for PDU sets, The buffer may be ussd to handie packefs at a PDU
setlavel. The buffer may be characterized by a jittsr buffer size andior a buffer delay. These paramsters
may be different and may change for various scenarios and implemeniaiions.

101481  The treatment of PDU sets with the playout buffer may depand on the type of the PDU ssls, the
modality asscolated with the PDU sats, sizes of the PDU sets, and/or respective importancs of the PDU
sels. For example, PDU sets with certain importance values {g.g., | frames) may be pricritized over PDU
sels with other importance values,

(01471  Jitter monitoring and reduction {a.q., for XKM services) may be performed basad on the
imporiance of PDU sels. FIG. 7 lusirates an example of a procedurs for jitter monitoring and minimization
hased on PDU sei playout buffers andfor DU set importance.

[0148] Asshownin FIG. 7, at 1, the procedure shown in FIG. 5 (8.¢., slaps 1 1o 6¢) regarding
nrovisioning jitter moniioring information to a wirelass communication network {e.g., a 5GS) andfor a
WTRU may be performesd. in addition to jitter monitoring related parameters described in association with
the procedure shown in FIG. &, an AF may provide additional andfor alternative parameters, For example,
the AF may provide pariodicity information to the wireless communication nstwork to facilitaie the
configuration of jitter measuremsnt per PDU set importance value, The AF may provide different jitle

monitoring paramsters depending on the PDU set importance valus, The AF may provide the impertance
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level {8.9., a threshold importance level) of g PDU set for which a jitter measurament should be peiformed.
For exampls, for a video modality, the AF may be interested to know the jitter related to | frames, 50 the AF
may provide an importance level or indication to indicaie that jitter for PDU ssis associated with | frames
shiould be measured. The AF may provide multiple PDU set imporiance values for which jitter monitoring
should be performed {s.g., | frame ve B frame for a video modality). The AF may provide information that
helps configurs PDU set playout delay buffer paramelers, such as buffer sizes andfor buffer delay sizes.
{31491 Al 2aof FIG. 7, user plane XBM DL iraffic may be sent form the AF to AWTRU,

[0150] At Zb of FIG. 7, PDU set traffic arriving at the WTRU may pass through a PDU set lavel playout
delay buffer to reduce jilter (8.q., befors the raffic is sent to an application iayer).

01511 At 3aof FIG. 7, the WTRU may exchange UL traffic with a network device such as a UPF.
1015217 A3bof FIG. 7, UL PDU set treffic armiving at the UPF may be passed through a PDU sel playout
buffer {o reduce jiiter,

101537 Al 3cof FIG 7, the UPF may forward the UL traffic to the AF,

[0154] AL4ofFIG. 7, the WTRU andfor the UPF may perform jitter measurement, e.q., using one or
mora of the jitter determination techniques describad herein,

(01557 ALSof FIG. 7, the wireless communication network {e.g., WTRU, UFF, and PCF) may send a
jitter measurement resuit andior corresponding event notifications to the AF {&.g., via the NEF)

[0156] A6 of FIG. 7, the AF may, according to the received jitter measuremant results andfor
notifications, decids fo changs PDU set playout delay buffer paramsters, such as & buffer size andfor a
buffer dalay size.

01577 A7 of FIG. 7, the AF may provide the changes fo the wireless communication network, for
sxampls, using the procedure shown in FiG. SErrort Reference source not found.,

[0158]  Although features and slements described above are dascribed in particular combinations, each
feature or slemant may be used alone without the other fealures and slements of the preferred
smbodiments, or in various combinations with or without other Taatures and elements. Although the
implemantations dascribed hersin may consider 3GPP gpecific protocols, it is undarstood that the
implementations described hersin are not rastricted to this scenario and may be applicable o other
wireless systems. For example, although the solutions described hersin consider LTE, LTE-A, New Radio
{NR} or 5G gpecific protocols, it is understood that the solutions described herein are not restrictad fo this
scenaric and are applicabls to other wirsless systems as weil,

101581  The processses described above may be implemented in a computer program, software, andfor

firmware incorporated in a computer-readable medium for execution by a computsr andfor progessor.
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Examples of compuisr-readable media include, but are nol limited to, slectronic signals {iransmitted over
wired and/or wireless connsctions) andfor computer-readable storage media. Examples of computar-
readable storage media includs, but are not limiled to, & read only mamory (ROM), a random access

mamary {(RAM), a register, cache memory, semiconducior memory devices, magnsiic media such as, bui

niot fimited o, internal hard disks and removable disks, magneto-optical media, andfor optical media such
as compact disc (CO)-ROM disks, andfor digital versatile disks (DVDs). A processor in assoaiation with
software may be used io implement a radio fraquency transosiver for use in a WTRU, lerminal, base

siation, RNC, andfor any host computer.
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Claims
1. Awirsless transmitreceive unit (WTRU), comprising:
a processor configursd o)
receive downlink traffic associated with a protocol data unit (PDU) sei;
store al least a part of the downlink traffic in a playout buffer to reduce jitler associated
with the PDU sat, whersin the playout bufier is configired 1o manage data at a PDU set level,
parform a jitter measurement associated with the downlink traffic;
report a result of the jitter measurement 1o a natwork devics;
receive an indication o change at laast one parameter of the playout buffer; and

changs the playout buffer based on the indication.

2. The WIRU of claim 1, wherein the at least one parameter of the playout buffer is a buffer size or a

buffer delay size.

~

3. The WTRU of dlaim 1, whersin the procsssor is further configured {o recelve jitter moniioring

information that indicates one of mors parametsrs associated with the jitter measursment.

4. The WTRY of claim 3, wharein the one or more parameters include a threshold importance level of
PDU sets for which jitter monitoring is to be performed, and whersin the processor is configured to perform
the jitter measuremant for the downlink traffic associated with the PDU set based on a determination that

an importance lavel of the PDU set exceeds the threshold importance level.

5. The WTRU of claim 4, wharsin the PDU setis associated with a spedific type of video frames.

8. The WTRU of claim 3, wherein ths one or more parameters includs respactive jitter monitoring

narameters that are asscaiated with differant PDU set imporiances levels.

7. The WTRU of claim 1, whersin the downlink iraffic is associated with an extended reality multi-

modal (XRM) servics,

8. The WTRY of claim 7, wharein the processor is further configured to fransmit uplink traffi

associaled with the XRM service to the network device.

% Amethod implemsnted by a wireless fransmitireceive unit (WTRLE, the method comprising:

recelving downlink traffic associated with a protocol data unit (PDU) set;
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storing &t isast a part of the downlink traffic in & playout buffer to reduce jitler associated with the
PDU ssl, wherein the playout buffer is configurad 10 manage data at a PDU set level,

performing a jitter measurement associaied with the downiink traffic;

reporting a resull of the jilter measurement 1o a network device,

receiving an indication {o change at laast one parameter of the plavout buffer; and

changing the playout buffer based on the indication.

10. Tha mathod of claim 8, wherein the at least one paramstsar of the playout buffer is a buffer size or a

buffer delay size.

11, The method of claim 9, further comprising recelving jitter monitoring information that indicates one

or more parameters associated with the jitter measurement.

12, The method of claim 11, wherain the one or more parameters includs a threshald importance level
of FDU sets for which jitter monitoring is to be performed, and the jitter measurement is performed for the
downlink traffic associaied with the PDU set based on a determination that an importance level of the PDU

st axcesads the threshold importance level,

13. The method of claim 12, whersin the PDU set is associaied wilh a specific typs of video frames.

14. The methad of claim 11, wherein the ons or more parameters include respeciive iitisr monitoring

parameters that are associated with different PDU set importance levels,

15, The method of claim 8, wherein the downlink traffic is associated with an extended reality multi-

modal (XRM) service,

16, The method of claim 15, further comprising fransmitting uplink traffic associated with the XRM

service io the network devicea,

17. Anetwork device associated with a wireless communication network, the network device
comprising:

a processor configured 1o

receive uplink traffic associated with a protocol data unit (FDU) sst;

store at least a pari of the uplink iraffic in a playout buffer to reducs jitter associaled with
the PDU sai, wherein the playout buffer is configured to store data at a PDU set level;

perform a itter measurament asscaiated with the uplink traffic;

e
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raport a result of the jitter measurement o ancther network devics,
recsive an indication 1o change at lsast one parameter of the playout buffer; and

change the playout bufier based on the indication.

18. The nelwork devics of claim 17, wherein the af least one parameter of the playout buffer is a buffer

size of a buffer delay slize.

19. The network device of olaim 17, wharsin the network devics is configured to perform one or more

user plane functions of the wireless communication network.

20, The network davice of claim 17, wherein the other network device is configured fo perform one or

more session managemeni funcions of the wirslsss communication network,
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