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Abstract:

Apparatuses, methods, and systems are disclosed for QOE measurement reporting control. One
method (1400) includes receiving (1405), from a communication network, a first message requesting
a size of stored QOoE measurement reports in an RRC buffer. The method (1400) includes
determining (1410), by the communication device, the size of the stored QOE measurement reports
in response to the first message and transmitting (1415), to the communication network, a second
message including the size of stored QOE measurement reports in the RRC buffer. The method
(1400) includes receiving (1420), from the communication network, a third message including a
configuration to enable resumption of QOE measurement reporting and transmitting (1425), to the
communication network, at least one fourth message including at least one QoE measurement report.
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REQUESTING QOE MEASUREMENT REPORT SIZE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Patent Application
Number 63/247,170 entitled “QOE MEASUREMENT REPORTING CONTROL IN NR SYSTEMS”
and filed on 22 September 2021 for Hyung-Nam Choi and Joachim Lohr, which application is

incorporated herein by reference.
FIELD

[0002] The subject matter disclosed herein relates generally to wireless communications
and more particularly relates to Quality of Experience (“QoE”) measurement reporting control,
¢.g., in Third Generation Partnership Project (“3GPP”’) New Radio (“NR”) systems.

BACKGROUND

[0003] Currently in 3GPP systems, Universal Terrestrial Radio Access Network
(“UTRAN,” i.e., a Third Generation (“3G”") Radio Access Technology (“RAT™)) and for evolved
UTRAN (“E-UTRAN™, i.c., a Fourth Generation (“4G”) RAT), QoE Measurement Collection
(“QMC”) has been specificd for strcaming scrvices and Multimedia Tclephony Scrvice for IMS
(“MTSI”). This feature allows the operators to collect and utilize the QoE measurement
information of streaming and MTSI services to better understand the user experience and optimize
their UTRAN/E-UTRAN network for the concerned services. However, QMC is currently not
supported in NR. Solutions are needed for efficient control of QoE measurement reporting in an

NR radio access network (“RAN).
BRIEF SUMMARY

[0004] Disclosed are procedures related to QoE measurement reporting control.  Said
procedures may be implemented by apparatus, systems, methods, or computer program products.

[0005] One method at a User Equipment (“UE”) includes receiving, from a communication
network, a first message requesting a size of stored Quality of Experience (“QoE”) measurement
reports in a Radio Resource Control (“RRC”) buffer. The method includes determining, by the
communication device, the size of the stored QoE measurement reports in response to the first
message and transmitting, to the communication network, a second message including the size of
stored QoE measurement reports in the RRC buffer. The method includes receiving, from the

communication network, a third message including a configuration to enable resumption of QoE
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measurement reporting and transmitting, to the communication network, at least one fourth
message including at least one QoE measurement report.

[0006] One method at a network device includes transmitting, to a communication device,
a first message to request a size of stored QoE measurement reports in an RRC buffer of the
communication device and receiving, from the communication device, a second message including
the size of the stored QoE measurement reports. The method includes determining, using the
second message, a configuration to enable resumption of QoE measurement reporting at the
communication device and transmitting, to the communication device, a third message including
the configuration to cnablc rcsumption of QoE mcasurcment reporting. The mcthod includes
recciving, from the communication device, at least one fourth message including at least one QoE

mcasurcment report.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A more particular description of the embodiments briefly described above will be
rendered by reference to specific embodiments that are illustrated in the appended drawings.
Understanding that these drawings depict only some embodiments and are not therefore to be
considered to be limiting of scope, the cmbodiments will be described and cxplained with
additional specificity and detail through the use of the accompanying drawings, in which:

[0008] Figure | i1s a schematic block diagram illustrating one¢ embodiment of a wircless
communication system for QoE measurement reporting control;

[0009] Figure 2 is a block diagram illustrating one embodiment of a New Radio (“NR”)
protocol stack:

[0010] Figure 3 is a diagram illustrating one embodiment of Uplink (“UL”) AS protocol
layer configuration with NR QoE measurement reporting;

[0011] Figure 4 is a diagram illustrating one embodiment of Abstract Syntax Notation #1
(**ASN.17) structure for an RRCBufferStatusRequest message;

[0012] Figurc 5 1s a diagram illustrating onc ¢cmbodiment of ASN.1 structurc for an
RRCBufferStatusRespornse message;

[0013] Figure 6 is a diagram illustrating one embodiment of ASN.1 structure for an RRC
resume indication;

[0014] Figure 7 is a diagram illustrating one embodiment of storage of QoE reports in an
RRC buffer;

[0015] Figure 8 is a diagram illustrating one embodiment of creating and transmitting

multiple QoE reports in the MeasurementReportAppLayer message;
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[0016] Figure 9 is a diagram illustrating embodiments of a first option for QoE report
handling at QoE pause,

[0017] Figure 10 is a diagram illustrating one embodiment of QoE measurement reporting
with segmentation;

[0018] Figure 11 is a diagram illustrating embodiments of a second option for QoE report
handling at QoE pause;

[0019] Figure 12 is a block diagram illustrating one embodiment of a user equipment
apparatus that may be used for QoE measurement reporting control;

[0020] Figurc 13 is a block diagram illustrating onc cmbodiment of a nctwork apparatus
that may be used for QoE measurement reporting control;

[0021] Figurc 14 1s a flowchart diagram illustrating onc ecmbodiment of a first mcthod for
QoE measurement reporting control; and

[0022] Figure 15 is a flowchart diagram illustrating one embodiment of a second method

for QoE mecasurement reporting control.

DETAILED DESCRIPTION

[0023] As will be appreciated by one skilled in the art, aspects of the embodiments may be
embodied as a system, apparatus, method, or program product. Accordingly., embodiments may
take the form of an entirely hardware embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, e¢tc.) or an embodiment combining software and
hardware aspects.

[0024] For cxample, the discloscd cmbodiments may be implemented as a hardwarce circuit
comprising custom very-large-scale integration (“VLSI”) circuits or gate arrays, off-the-shelf
semiconductors such as logic chips, transistors, or other discrete components. The disclosed
embodiments may also be implemented in programmable hardware devices such as field
programmable gate arrays, programmable array logic, programmable logic devices, or the like. As
another example, the disclosed embodiments may include one or more physical or logical blocks
of executable code which may, for instance, be organized as an object, procedure, or function.

[0025] Furthermore, embodiments may take the form of a program product embodied in
one or more computer readable storage devices storing machine readable code, computer readable
code, and/or program code, referred hereafter as code. The storage devices may be tangible, non-
transitory, and/or non-transmission. The storage devices may not embody signals. In a certain

cmbodiment, the storage devices only cmploy signals for accessing code.
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[0026] Any combination of one or more computer readable medium may be utilized. The
computer readable medium may be a computer readable storage medium. The computer readable
storage medium may be a storage device storing the code. The storage device may be, for example,
but not limited to, an clectronic, magnetic, optical, electromagnetic, infrared, holographic,
micromechanical, or semiconductor system, apparatus, or device, or any suitable combination of
the foregoing.

[0027] More specific examples (a non-exhaustive list) of the storage device would include
the following: an electrical connection having one or more wires, a portable computer diskette, a
hard disk, a random-acccss memory (“RAM”), a rcad-only mcmory (“ROM?”), an crasablc
programmable read-only memory (“EPROM™ or Flash memory), a portable compact disc read-
only memory (“CD-ROM?”), an optical storage device, a magnctic storage device, or any suitable
combination of the foregoing. In the context of this document, a computer readable storage
medium may be any tangible medium that can contain or store a program for use by or in
connection with an instruction execution system, apparatus, or device.

[0028] Code for carrying out operations for embodiments may be any number of lines and
may be written in any combination of one or more programming languages including an object-
oriented programming language such as Python, Ruby, Java, Smalltalk, C++, or the like, and
conventional procedural programming languages, such as the “C” programming language, or the
like, and/or machine languages such as assembly languages. The code may execute entirely on
the user’s computer, partly on the user’s computer, as a stand-alone software package, partly on
the user’s compulter and partly on a remote compuler or entirely on the remole compuler or server.
In the latter scenario, the remote computer may be connected to the user’s computer through any
type of network, including a local area network (“LANT), wireless LAN (“WLAN™), or a wide
arca nctwork (“WAN?), or the connection may be made to an external computer (for example,
through the Internet using an Intemet Service Provider (“ISP”)).

[0029] Furthermore, the described features, structures, or characteristics of the
embodiments may be combined in any suitable manner. In the following description, numerous
specific details are provided, such as examples of programming, software modules, user selections,
network transactions, database queries, database structures, hardware modules, hardware circuits,
hardware chips, etc., to provide a thorough understanding of embodiments. One skilled in the
relevant art will recognize, however, that embodiments may be practiced without one or more of
the specific details, or with other methods, components, materials, and so forth. In other instances,
well-known structures, materials, or operations arc not shown or described in detail to avoid

obscuring aspects of an embodiment.
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[0030] Reference throughout this specification to “one embodiment,” “an embodiment,”
or similar language means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. Thus, appearances of the
phrascs “in onc cmbodiment,” “in an cmbodimcent,” and similar languagc throughout this
specification may, but do not necessarily, all refer to the same embodiment, but mean “one or more
but not all embodiments™ unless expressly specified otherwise. The terms “‘including.”

>

“comprising,” “having,” and variations thercof mean “including but not limited to,” unless

expressly specified otherwise. An enumerated listing of items does not imply that any or all of the

ERINAS

items are mutually exclusive, unless expressly specified otherwise. The terms “‘a,” “an,” and “the”
also refer to “one or more™ unless expressly specified otherwise.

[0031] As used herein, a list with a conjunction of “and/or” includes any single item in the
list or a combination of items in the list. For example, a list of A, B and/or C includes only A,
only B, only C, a combination of A and B, a combination of B and C, a combination of A and C
or a combination of A, B and C. As used herein, a list using the terminology “‘one or more of”
includes any single item in the list or a combination of items in the list. For example, one or more
of A, B and C includes only A, only B, only C, a combination of A and B, a combination of B and
C, a combination of A and C or a combination of A, B and C. As used herein, a list using the
terminology “one of” includes one and only one of any single item in the list. For example, “one
of A, B and C” includes only A, only B or only C and excludes combinations of A, B and C. As
used herein, “a member selected from the group consisting of A, B, and C,” includes one and only
one of A, B, or C, and excludes combinations of A, B, and C.” As used herein, “a member selected
from th¢ group consisting of A, B, and C and combinations thercot™ includes only A, only B, only
C, acombination of A and B, a combination of B and C, a combination of A and C or a combination
of A, Band C.

[0032] Aspects of the embodiments are described below with reference to schematic
flowchart diagrams and/or schematic block diagrams of methods, apparatuses, systems, and
program products according to cmbodiments. It will be undcrstood that cach block of the
schematic flowchart diagrams and/or schematic block diagrams, and combinations of blocks in the
schematic flowchart diagrams and/or schematic block diagrams, can be implemented by code.
This code mayv be provided to a processor of a general-purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine, such that the
instructions, which execute via the processor of the computer or other programmable data
processing apparatus, create means for implementing the functions/acts specified in the flowchart

diagrams and/or block diagrams.
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[0033] The code may also be stored in a storage device that can direct a computer, other
programmable data processing apparatus, or other devices to function in a particular manner, such
that the instructions stored in the storage device produce an article of manufacture including
instructions which implement the function/act specified in the flowchart diagrams and/or block
diagrams.

[0034] The code may also be loaded onto a computer, other programmable data processing
apparatus, or other devices to cause a series of operational steps to be performed on the computer,
other programmable apparatus, or other devices to produce a computer implemented process such
that thc codc which cxccute on the computcer or other programmable apparatus provide proccsscs
for implementing the functions/acts specified in the flowchart diagrams and/or block diagrams.

[0035] The call-flow diagrams, flowchart diagrams and/or block diagrams in the Figurcs
illustrate the architecture, functionality, and operation of possible implementations of apparatuses,
systems, methods, and program products according to various embodiments. In this regard, each
block in the flowchart diagrams and/or block diagrams may represent a module, segment, or
portion of code, which includes one or more executable instructions of the code for implementing
the specified logical function(s).

[0036] It should also be noted that, in some alternative implementations, the functions
noted in the block may occur out of the order noted in the Figures. For example, two blocks shown
1n succession may, in fact, be executed substantially concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the functionality involved. Other steps and
methods may be conceived that are equivalent in function, logic, or effecl o one or more blocks,
or portions thereof, of the illustrated Figures.

[0037] Although various arrow types and line types may be employed in the call-flow,
flowchart and/or block diagrams, they are understood not to limit the scope of the corresponding
embodiments. Indeed, some arrows or other connectors may be used to indicate only the logical
flow of the depicted embodiment. For instance, an arrow may indicate a waiting or monitoring
period of unspecified duration between enumerated steps of the depicted embodiment. It will also
be noted that each block of the block diagrams and/or flowchart diagrams, and combinations of
blocks in the block diagrams and/or flowchart diagrams, can be implemented by special purpose
hardware-based systems that perform the specified functions or acts, or combinations of special
purpose hardware and code.

[0038] The description of clements in each figure may refer to elements of proceeding
figures. Like numbers refer to like elements in all figures, including alternate embodiments of like

elements.
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[0039] Generally, the present disclosure describes systems, methods, and apparatuses for
QoE measurement reporting control mechanisms. In certain embodiments, the methods may be
performed using computer code embedded on a computer-readable medium. In certain
embodiments, an apparatus or system may include a computer-readable medium containing
computer-readable code which, when executed by a processor, causes the apparatus or system to
perform at least a portion of the below described solutions.

[0040] QMC is currently not supported in NR but will be specified in Rel-17 in the context
of the NR QoE work item. The objectives of the work item are to specify the support for QMC in
NR standalonc modc, speeify QoE mcasurcment handling in RRC _INACTIVE state, specify the
support for QMC and reporting continuity in intra-system intra-RAT mobility scenario for
signaling bascd QoE, spccify the support of RAN visible QoE, specify the support for per-slice
QoE measurement and specify the necessary mechanism to support alignment of radio-related
measurement and QoE measurement.

[0041] In contrast to UTRAN and E-UTRAN, NR QoE will be designed in a more generic
and flexible fashion supporting various kinds of services such as streaming services, MTSI, Virtual
Reality (“VR”), Multicast Broadcast Service (“MBS”), Extended Reality (“XR”).

[0042] The handling of QoE measurement reports (in the following shortened to “QoE
reports”) is currently under discussion due to the following reasons:

[0043] In NR QoE, the UE may be configured for multiple simultancous QoE
measurements. The maximum number of simultancous QoE measurements has not been decided
yel, but candidate values are in the range 8 (0 64. As consequence, the UE Application Layer may
create many QoE reports during an active QMC session which then need to be transmitted to the
network. Furthermore, depending on the configured service types and reporting interval, ¢.g., at
the end of each QMC session or every 10min for longer QMC sessions, the size of QoE reports
may be mostly smaller than 8 kBytes and in rare case the size of QoE reports may exceed 8 kBytes.
However, for more advanced newer service types such as VR the size of QoE reports may be about
I8 kBytes with reporting every 10min.

[0044] During RAN overload the 5G/NR Node B (“gNB”) may send a QoE pause
indication to struct the UE to temporarily stop sending QoE reports of the affected QoE
measurement configurations until receiving a QoE resume indication from the gNB. During the
QoE pause phase the UE Application Layer continues with QMC. That means, depending on how
long the RAN overload situation may take in the network (minutes, hours or longer), the UE may
create many QoE reports which need to be transmitted to the network after the RAN overload has

been relieved.
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[0045] In view of above reasons, solutions for an efficient control of QoE measurement
reporting in NR RAN are needed for addressing the following issues:

[0046] A) Handling of QoE reports in normal operation, i.¢., whether to transmit a QoE
report individually or multiple QoE reports in a single MeasurementReportAppLayer message.

[0047] B) Handling of stored QoE reports when RAN overload is relieved, i.e., how to
transmit the stored QoE reports in a MeasurementReportAppLayer message.

[0048] C) How to perform UL segmentation of a MecasurementReportAppLayer message
ifmultiple QoE reports need to be transmitted and the size of the concatenated QoE reports exceed
the maximum sizc of an RRC mcssage of 9000 bytcs.

[0049] In order to support QoE measurement reporting in NR RAN in an efficient manner,
the following solutions arc proposcd. According to a first solution, RRC mcssagces arc introduced
for requesting and transferring the size of stored QoE reports in the UE. According to a second
solution, indication of QoE reporting policy is provided in a QoE resume indication. According
to a third solution rules are provided for creating and transmitting QoE reports in the
MeasurementReportAppLayer message.

[0050] Figure 1 depicts a wireless communication system 100 for QoE measurement
reporting control, according to embodiments of the disclosure. In one embodiment, the wireless
communication system 100 includes at least one remote unit 105, a radio access network (“RAN)
120, and a mobile core network 140. The RAN 120 and the mobile core network 140 form a
mobile communication network. The RAN 120 may be composed of a base unit 121 with which
the remole unit 105 communicales using wireless communication links 123. Even though a
specific number of remote units 1035, base units 121, wireless communication links 123, RANs
120, and mobile core networks 140 are depicted in Figure 1, one of skill in the art will recognize
that any number of remote units 105, base units 121, wireless communication links 123, RANs
120, and mobile core networks 140 may be included in the wireless communication system 100.

[0051] In one implementation, the RAN 120 1s compliant with the 5G cellular system
specified in the 3GPP specifications. For example, the RAN 120 may be a Next Generation Radio
Access Network (“NG-RAN”), implementing NR Radio Access Technology (“RAT™) and/or
Long-Term Evolution (“LLTE”) RAT. In another example, the RAN 120 may include non-3GPP
RAT (e.g., Wi-Fi® or Institute of Electrical and Electronics Engineers (“IEEE”) 802.11-family
compliant WLAN). In another implementation, the RAN 120 is compliant with the LTE system
specified in the 3GPP specifications. More generally, however, the wireless communication
system 100 may implement some other open or proprietary communication networks, for example,

the Warldwide Interoperability for Microwave Access (“WiMAX”) or TEEE 802 16-family
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standards, among other networks. The present disclosure 1s not intended to be limited to the
implementation of any particular wireless communication system architecture or protocol.

[0052] In one embodiment, the remote units 105 may include computing devices, such as
desktop computers, laptop computers, personal digital assistants (“PDAs™), tablet computers,
smart phones, smart televisions (¢.g., televisions connected to the Internet), smart appliances (e.g.,
appliances connected to the Internet), set-top boxes, game consoles, security systems (including
security cameras), vehicle on-board computers, network devices (e.g., routers, switches, modems),
or the like. In some embodiments, the remote units 105 include wearable devices, such as smart
watches, fitncss bands, optical hecad-mounted displays, or the likc. Morcovcer, the remote units 105
may be referred to as the UEs, subscriber units, mobiles, mobile stations, users, terminals, mobile
terminals, fixced terminals, subscriber stations, uscr tcrminals, wircless transmit/reccive unit
(“WTRU?), adevice, or by other terminology used in the art. In various embodiments, the remote
unit 105 includes a subscriber identity and/or identification module (“SIM™) and the mobile
equipment (“ME”) providing mobile termination functions (¢.g., radio transmission, handover,
speech encoding and decoding, error detection and correction, signaling and access to the SIM).
In certain embodiments, the remote unit 105 may include a terminal equipment (“TE”) and/or be
embedded in an appliance or device (e.g., a computing device, as described above).

[0053] The remote units 105 may communicate directly with one or more of the base units
121 in the RAN 120 via UL and downlink (“DL”) communication signals. Furthermore, the UL
and DL communication signals may be carried over the wireless communication links 123.
Furthermore, the UL communication signals may comprise one or more uplink channels; such as
the Physical Uplink Control Channel (“PUCCH”) and/or Physical Uplink Shared Channel
(“PUSCH”), while the DL communication signals may comprise one or more DL channels, such
as the Physical Downlink Control Channel (“PDCCH”) and/or Physical Downlink Shared Channel
(“PDSCH”). Here, the RAN 120 is an intermediate network that provides the remote units 105
with access to the mobile core network 140,

[0054] In various embodiments, the remote units 105 may communicate directly with each
other (e.g., device-to-device communication) using sidelink communication (not shown in Figure
1). Here, sidelink transmissions may occur on sidelink resources. A remote unit 105 may be
provided with different sidelink communication resources according to different allocation modes.
As used herein, a “resource pool” refers to a set of resources assigned for sidelink operation. A
resource pool consists of a set of resource blocks (i.e., Physical Resource Blocks (“PRB™)) over
one¢ or more time units (¢.g., Orthogonal Frequency Division Multiplexing (“OFDM™) symbols,

subframes, slots, subslots, etc). Tn some embodiments, the set of resource blocks comprises
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contiguous PRBs in the frequency domain. A PRB, as used herein, consists of twelve consecutive
subcarriers in the frequency domain.

[0055] In some embodiments, the remote units 105 communicate with an application
server 151 via a network connection with the mobile core network 140. For example, an
application 107 (e.g., web browser, media client, telephone and/or Voice-over-Internet-Protocol
(*“VoIP™) application) in a remote unit 105 may trigger the remote unit 105 to establish a protocol
data unit (“PDU™) session (or Packet Data Network (“PDN”) connection) with the mobile core
network 140 via the RAN 120. The PDU session represents a logical connection between the
remote unit 105 and the Uscr Planc Function (“UPF”) 141. Thc mobilc corc network 140 then
relays traffic between the remote unit 105 and the application server 151 in the packet data network
150 using the PDU scssion (or other data conncction).

[0056] In order to establish the PDU session (or PDN connection), the remote unit 105
must be registered with the mobile core network 140 (also referred to as “attached to the mobile
core network™ in the context of a Fourth Generation (“4G”) system). Note that the remote unit
105 may establish one or more PDU sessions (or other data connections) with the mobile core
network 140. As such, the remote unit 105 may have at least one PDU session for communicating
with the packet data network 150. The remote unit 105 may establish additional PDU sessions for
communicating with other data networks and/or other communication peers.

[0057] In the context of a 5G system (“5GS”), the term “PDU Session™ refers to a data
connection that provides end-to-end (“E2E”) user plane (“UP”) connectivity between the remote
unit 105 and a specific Data Network (“DN”) through the UPF 141. A PDU Session supports one
or more Quality of Service (“QoS8”) Flows. In certain embodiments, there may be a one-to-one
mapping between a QoS Flow and a QoS profile, such that all packets belonging to a specific QoS
Flow have the same 5G QoS Identifier (“5QI”).

[0058] In the context of a 4G/LTE system, such as the Evolved Packet System (“EPS™), a
PDN connection (also referred to as EPS session) provides E2E UP connectivity between the
remote unit and a PDN. The PDN connectivity procedure establishes an EPS Bearer, 1.¢., a tunnel
between the remote unit 105 and a PDN Gateway (“PGW?™, not shown in Figure 1) in the mobile
core network 140. In certain embodiments, there is a one-to-one mapping between an EPS Bearer
and a QoS profile, such that all packets belonging to a specific EPS Bearer have the same QoS
Class Identifier (“QCI”).

[0059] The base units 121 may be distributed over a geographic region. In certain
embodiments, a base unit 121 may also be referred to as an access terminal, an access point, a
base, a base station, a Node-B (“NB”), an Evolved Node B (abbreviated as eNodeB or “eNB,” also
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known as Evolved Universal Terrestrial Radio Access Network (“E-UTRAN) Node B), a 5G/NR
Node B (“gNB”), a Home Node-B, a relay node, a RAN node, or by any other terminology used
in the art. The base units 121 are generally part of a RAN, such as the RAN 120, that may include
one or more controllers communicably coupled to one or more corresponding base units 121.
These and other elements of radio access network are not illustrated but are well known generally
by those having ordinary skill in the art. The base units 121 connect to the mobile core network
140 via the RAN 120.

[0060] The base units 121 may serve a number of remote units 105 within a serving area,
for cxamplc, a ccll or a ccll scctor, via a wircless communication link 123, The basc units 121
may communicate directly with one or more of the remote units 105 via communication signals.
Gencrally, the basc units 121 transmit DL communication signals to scrve the remotce units 105 in
the time, frequency, and/or spatial domain. Furthermore, the DL communication signals may be
carried over the wireless communication links 123. The wireless communication links 123 may
be any suitable carrier in licensed or unlicensed radio spectrum. The wireless communication links
123 facilitate communication between one or more of the remote units 105 and/or one or more of
the base units 121.

[0061] To facilitate QMC, the base unit 121 transmits a QoE measurement configuration
125 to the remote unit 105. The QoE measurement configuration 125 may indicate a service type
and a reporting interval. Note that the remote unit 105 may be configured with multiple
simultancous QoE measurements. Consequently, the remote unit 105 generates at least one QoE
measurement report 127, in accordance with the received configuration, and transmits the QoE
measurement report 127(s) to a base unit 121.

[0062] Note that during NR operation on unlicensed spectrum (referred to as “INR-U™), the
base unit 121 and the remote unit 105 communicate over unlicensed (i.c., shared) radio spectrum.
Similarly, during LTE operation on unlicensed spectrum (referred to as “LTE-U"), the base unit
121 and the remote unit 105 also communicate over unlicensed (i.e., shared) radio spectrum.

[0063] In one embodiment, the mobile core network 140 1s a 5G Core network (*5GC”) or
an Evolved Packet Core (“EPC”), which may be coupled to a packet data network 150, like the
Internet and private data networks, among other data networks. A remote unit 105 may have a
subscription or other account with the mobile core network 140. In various embodiments, each
mobile core network 140 belongs to a single mobile network operator (“MNO”) and/or Public
Land Mobile Network (“PLMN7”). The present disclosure is not intended to be limited to the

implementation of any particular wireless communication system architecture or protocol.



10

15

20

25

30

CA 03227593 2024-1-31

WO 2023/047332 PCT/IB2022/058981
12

[0064] The mobile core network 140 includes several network functions (“NFs”). As
depicted, the mobile core network 140 includes at least one UPF 141. The mobile core network
140 also includes multiple control plane (“CP”) functions including, but not limited to, an Access
and Mobility Management Function (“AMF”) 143 that serves the RAN 120, a Session
Management Function (“SMF™) 145, a Policy Control Function (“PCF”) 147, a Unified Data
Management function (“UDM”) and a User Data Repository (“UDR”). In some embodiments, the
UDM is co-located with the UDR, depicted as combined entity “UDM/UDR™ 149. Although
specific numbers and types of network functions are depicted in Figure 1, one of skill in the art
will recognize that any number and type of nctwork functions may be included in the mobile corc
network 140.

[0065] The UPF(s) 141 is/arc responsible for packet routing and forwarding, packct
inspection, QoS handling, and external PDU session for interconnecting Data Network (“DN7), in
the 5G architecture. The AMF 143 is responsible for termination of Non-Access Stratum (“NAS™)
signaling, NAS ciphering and integrity protection, registration management, connection
management, mobility management, access authentication and authorization, security context
management. The SMF 145 is responsible for session management (i.e., session establishment,
modification, release), remote unit (i.e., UE) Internet Protocol (“IP”) address allocation and
management, DL data notification, and traffic steering configuration of the UPF 141 for proper
traffic routing.

[0066] The PCF 147 is responsible for unified policy framework, providing policy rules to
CP functions, access subscription information for policy decisions in UDR. The UDM is
responsible for generation of Authentication and Key Agreement (“AKA™) credentials, user
identification handling, access authorization, subscription management. The UDR is a repository
of subscriber information and may be used to service a number of network functions. For example,
the UDR may store subscription data, policy-related data, subscriber-related data that is permitted
to be exposed to third party applications, and the like.

[0067] In various embodiments, the mobile core network 140 may also include a Network
Repository Function (“NRF”) (which provides Network Function (“NF”) service registration and
discovery, enabling NFs to identify appropriate services in one another and communicate with
cach other over Application Programming Interfaces (“APIs™)), a Network Exposure Function
(“NEF”) (which is responsible for making network data and resources easily accessible to
customers and network partners), an Authentication Server Function ("AUSF”), or other NFs
defined for the 5GC. When present, the AUSF may act as an authentication server and/or

authentication proxy, thereby allowing the AMF 143 to authenticate a remote unit 105, Tn certain
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embodiments, the mobile core network 140 may include an authentication, authorization, and
accounting (“AAA”) server.

[0068] In various embodiments, the mobile core network 140 supports different types of
mobile data connections and different types of network slices, wherein each mobile data
connection utilizes a specific network slice. Here, a “network slice™ refers to a portion of the
mobile core network 140 optimized for a certain traffic type or communication service. For
example. one or more network slices may be optimized for enhanced mobile broadband (“eMBB™)
service. As another example, one or more network slices may be optimized for ultra-reliable low-
latecncy communication (“URLLC”) scrvice. In other cxamplces, a network slice may be optimized
for machine-type communication (“MTC”) service, massive MTC ("mMTC”) service, Internct-
of-Things (“IoT”) scrvice. In yet other cxamples, a nctwork slice may be deployed for a specific
application service, a vertical service, a specific use case, cte.

[0069] A network slice instance may be identified by a single-network slice selection
assistance information (“S-NSSAI”) while a set of network slices for which the remote unit 105 is
authorized to use is identified by network slice selection assistance information (“NSSAI”). Here,
“NSSAI” refers to a vector value including one or more S-NSSAI values. In certain embodiments,
the various network slices may mclude separate instances of network functions, such as the SMF
145 and UPF 141. In some embodiments, the different network slices may share some common
network functions, such as the AMF 143. The different network slices are not shown in Figure 1
for ease of illustration, but their support is assumed.

[0070] The Operations, Administration and Maintenance (“OAM”) 160 is involved with
the operating, administering, managing, and maintaining of the system 100. “Operations™
encompass automatic monitoring of environment, detecting and determining faults and alerting
admins. “Administration” involves collecting performance stats, accounting data for the purpose
of billing, capacity planning using Usage data and maintaining system reliability. Administration
can also involve maintaining the service databases which are used to determine periodic billing.
“Maintenance” involves upgrades, fixes, new feature enablement, backup and restore and
monitoring the media health. In certain embodiments. the OAM 160 may also be involved with
provisioning, i.¢., the setting up of the user accounts, devices, and services.

[0071] While Figure 1 depicts components of a 5G RAN and a 5G core network, the
described embodiments for QoE measurement reporting control apply to other types of
communication networks and RATs, including IEEE 802.11 variants, Global System for Mobile

Communications ("“GSM”, i.e., a 2G digital cellular network), General Packet Radio Secrvice
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(““GPRS”), Universal Mobile Telecommunications System (“UMTS”)
CDMAZ2000, Bluctooth, ZigBee, Sigfox, and the like.

., LTE wvariants,

[0072] Moreover, in an LTE variant where the mobile core network 140 is an EPC, the
depicted network functions may be replaced with appropriate EPC entities, such as a Mobility
Management Entity (“MME"), a Serving Gateway (“SGW™), a PGW, a Home Subscriber Server
(“HSS™). and the like. For example, the AMF 143 may be mapped to an MME, the SMF 145 may
be mapped to a control plane portion of a PGW and/or to an MME, the UPF 141 may be mapped
to an SGW and a user plane portion of the PGW, the UDM/UDR 149 may be mapped to an HSS,
cte.

[0073] In the following descriptions, the term “RAN node™ is used for the base station/
basc unit, but it is replaccable by any other radio access node, c.g., gNB, ng-cNB, cNB, Basc
Station (“BS”™), base station unit, Access Point (“AP”), NR BS, 5G NB, Transmission and
Reception Point (“TRP™), etc. Additionally, the term “UE” is used for the mobile station/ remote
unit, but it is replaceable by any other remote device, €.g., remote unit, MS, ME, ¢tc. Further, the
operations are described mainly in the context of 3G NR. However, the below described
solutions/methods are also equally applicable to other mobile communication systems QoE
measurement reporting control.

[0074] Figure 2 depicts an NR protocol stack 200, according to embodiments of the
disclosure. While Figure 2 shows the UE 205, the RAN node 210 and an AMF 215 in a 5G core
network (“5GC”), these are representatives of a set of remote units 105 interacting with a base unit
121 and a mobile core network 140, As depicled, the NR protocol stack 200 comprises a User
Plane protocol stack 201 and a Control Plane protocol stack 203. The User Plane protocol stack
201 includes a physical (“PHY ™) layer 220, a Medium Access Control (“MAC?”) sublayer 225, the
Radio Link Control (“RLC”) sublayer 230, a Packet Data Convergence Protocol (“PDCP”)
sublayer 235, and Service Data Adaptation Protocol (“SDAP”) sublayer 240. The Control Plane
protocol stack 203 includes a PHY layer 220, a MAC sublayer 225, an RLC sublayer 230, and a
PDCP sublayer 235. The Control Plane protocol stack 203 also includes a Radio Resource Control
(“RRC?”) layer 245 and a Non-Access Stratum (“NAS”) layer 250.

[0075] The AS layer 255 (also referred to as “AS protocol stack™) for the User Plane
protocol stack 201 consists of at least SDAP, PDCP, RLC and MAC sublayers, and the physical
layer. The AS layer 260 for the Control Plane protocol stack 203 consists of at least RRC, PDCP,
RLC and MAC sublayers, and the physical layer. The Layer-2 (“L27) 1s split into the SDAP,
PDCP, RLC and MAC sublayers. The Layer-3 (“L37) includes the RRC layer 245 and the NAS
layer 250 for the control plane and includes, e g, an TP layer and/or PDU layer (not depicted) for
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the user plane. L1 and L2 are referred to as “lower layers,” while L3 and above (¢.g., transport
layer, application layer) are referred to as “higher layers™ or “upper layers.”

[0076] The PHY layer 220 offers transport channels to the MAC sublayer 225. The PHY
layer 220 may perform a beam failure detection procedure using energy detection thresholds, as
described herein. In certain embodiments, the PHY layer 220 may send an indication of beam
failure to a MAC entity at the MAC sublayer 225. The MAC sublayer 225 offers logical channels
to the RLC sublayer 230. The RLC sublayer 230 offers RLC channels to the PDCP sublayer 235.
The PDCP sublayer 235 offers radio bearers to the SDAP sublayer 240 and/or RRC layer 245.
The SDAP sublaycr 240 offcrs QoS flows to the corc nctwork (c.g., 5GC). The RRC laycer 245
provides functions for the addition, modification, and release of Carrier Aggregation and/or Dual
Conncctivity. The RRC laycr 245 also managces the cstablishment, configuration, maintcnance,
and release of Signaling Radio Bearers (“SRBs™) and Data Radio Bearers (“DRBs”™).

[0077] The NAS layer 250 is between the UE 205 and an AMF 215 in the 5GC. NAS
messages are passed transparently through the RAN. The NAS layer 250 is used to manage the
establishment of communication sessions and for maintaining continuous communications with
the UE 205 as it moves between different cells of the RAN. In contrast, the AS layers 255 and
260 are between the UE 205 and the RAN (i.e., RAN node 210) and carry information over the
wireless portion of the network. While not depicted in Figure 2, the IP layer exists above the NAS
layer 250, a transport layer exists above the IP layer, and an application layer exists above the
transport layer.

[0078] The MAC sublayver 225 is the lowest sublayer in the L2 architecture of the NR
protocol stack. Its connection to the PHY layer 220 below is through transport channels, and the
connection to the RLC sublayer 230 above is through logical channels. The MAC sublayer 225
therefore performs multiplexing and demultiplexing between logical channcls and transport
channels: the MAC sublayer 225 in the transmitting side constructs MAC PDUs (also known as
transport blocks (“TBs”)) from MAC Service Data Units (“SDUSs”) received through logical
channels, and the MAC sublayer 225 m the receiving side recovers MAC SDUs from MAC PDUs
received through transport channels.

[0079] The MAC sublayer 225 provides a data transfer service for the RLC sublayer 230
through logical channels, which are either control logical channels which carry control data (e.g.,
RRC signaling) or traffic logical channels which carry user plane data. On the other hand, the data
from the MAC sublayer 225 is exchanged with the PHY layer 220 through transport channels,
which are classified as UL or DL. Data is multiplexed into transport channels depending on how

it is transmitted over the air.
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[0080] The PHY layer 220 is responsible for the actual transmission of data and control
information via the air interface, i.¢., the PHY layer 220 carries all information from the MAC
transport channels over the air interface on the transmission side. Some of the important functions
performed by the PHY layer 220 include coding and modulation, link adaptation (e.g., Adaptive
Modulation and Coding (“AMC™)), power control, cell search and random access (for initial
synchronization and handover purposes) and other measurements (inside the 3GPP system (i.e..
NR and/or LTE system) and between systems) for the RRC layer 245. The PHY layer 220
performs transmissions based on transmission parameters, such as the modulation scheme, the
coding ratc (i.c., thc modulation and coding scheme (“MCS?)), the number of physical rcsource
blocks, etc.

[0081] During RAN ovcrload, thc RAN nodc 210 may scnd a QoE pausc indication to
instruct the UE 205 to temporarily stop sending QoE reports of the affected QoE measurement
configurations until receiving a QoE resume indication from the RAN node 210. During the QoE
pause phase, the UE application layer continues with QMC. That means, depending on how long
the RAN overload situation may take in the network (minutes, hours or longer), the UE 205 may
create many QoFE reports which need to be transmitted to the network after the RAN overload has
been relieved. According to a first option for QoE report handling, the QoE reports are stored at
the UE application layer during the QoE pause phase. According to a second option for QoE report
handling, the QoE reports are stored at the UE AS layer during the QoE pause phasc.

[0082] For UTRAN and E-UTRAN, QoE Measurement Collection (“QMC”) for streaming
services and/or MTSI have been specified. In 3GPP specifications there are two methods defined
how OAM can initiate QMC activation/deactivation: Signaling-based initiation and management-
based initiation.

[0083] The signaling-based procedure is a control-plane procedure where the core network
(*CN”) is involved, and the CN determines the qualified/concerned UEs 205 to which the QMC
activation/deactivation configuration is to be sent. In the case of signaling-based initiation, the
OAM 160 mitiates QMC activation/deactivation but it is the CN that actually activates/deactivates
QMC towards the RAN 120. The steps of the signaling-based procedure are as follows:

[0084] Step 0: The RAN 120 receives UE capability mformation from the UE AS layer (of
the UE 205), amongst other whether it supports QMC or not.

[0085] Step 1: The OAM 160 is interested in receiving QoE measurements for certain
services from UEs 205 which are being serviced in a PLMN and sends to CN a “Configure QoE
measurement” message including QoE measurement configuration. The QoE measurement

configuration may include parameters such as PLMN target, session to record of an application,
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service type, arca scope (list of cells or list of Tracking Arcas (“TAs”)), QoE reference (final
destination for the QoE measurement reports to send, ¢.g. Trace Collection Entity (“TCE”) or
Measurement Collection Entity (“MCE”)), QoE metrics of the concerned service type (including
start time and duration of recording), or the like. For details see 3GPP Technical Specification
(*TS™) 28.403. For instance, QoE metrics for streaming services include amongst other Average
Throughput, Initial Playout Delay, Buffer Level, Play List, Device information. For details see
3GPP TS 26.247.

[0086] Step 2: In accordance with the received QoE measurement configuration from the
OAM 160, the CN activatcs the QoE mcasurcment configuration for a qualificd UE 205 and
forwards the QoE measurement configuration to the RAN 120 using an ““Activate QoE
mcasurcment” message.

[0087] Step 3: The RAN 120 sends the QoE measurement configuration in a DL RRC
message to the UE AS layer.

[0088] Step 4: The UE AS layer sends the received QoE measurement configuration to its
application layer (“AL”) using AT (ATtention) command.

[0089] Step 5: The UE AL starts QoE measurement collection in accordance with the
received QoE measurement configuration.

[0090] Step 6: If the QoE measurement collection has been completed, then the UE AL
sends the collected QoE measurement results to its AS layer in a QoE measurement report using
AT command.

[0091] Step 7: The UE AS layer sends the QoE measurement report in a UL RRC message
to the RAN 120.

[0092] Step 8: The RAN 120 forwards the received QoE measurement report to the
TCE/MCE.

[0093] The OAM 160 initiates QMC deactivation if it is not interested in receiving QoE
measurements for certain services from UEs 205 anymore, e.g.. because it has enough QoE
information for those services. The steps of the signaling-based QMC deactivation are as follows:

[0094] Step 1: The OAM 160 sends to the CN a “Configure Deactivation” message
including an indication of the concerned service.

[0095] Step 2: In accordance with the received “Configure Deactivation™ message from
the OAM 160, the CN sends “Deactivate QoE measurement” message to the RAN 120 with the
indication for which UE 205 the concerned QoE measurement configuration should be deactivated.

[0096] Step 3: The RAN 120 sends the deactivation indication in a DL RRC message to

the UE AS layer to release the concerned QoF measurement configuration.
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[0097] Step 4: The UE AS layer sends the received deactivation indication to its AL using
AT command. The UE AL stops the recording and reporting of the concerned QoE measurecments.

[0098] In contrast, the management-based procedure is a procedure that does not involve
the CN (e.g., the CN is bypassed), and the OAM 160 directly activates/deactivates a QMC
configuration towards RAN. In casc of management-based initiation, the RAN 120 determines
the qualified UEs 205 to which the QMC activation/decactivation configuration is to be sent. The
steps of the signaling-based procedure are as follows:

[0099] Step 0: The RAN 120 receives UE capability information from UE 205, amongst
othcr whether it supports QMC or not.

[0100] Step 1: The OAM 160 is interested in receiving QoE measurements for certain
scrvices from UEs 205 which arc being scrviced ina PLMN 1n a certain arca and activates the QoE
measurement configuration targeting an area and forwards the QoE measurement configuration to
RAN using an “Activate QoE measurement” message.

[0101] Step 2: The RAN 120 determines the qualified UEs 205 to send the QoE
measurement configuration in the targeted arca and sends the QoE measurement configuration in
a DL RRC message to the qualified UE(s) AS layer.

[0102] Step 3: The UE AS layer sends the received QoE measurement configuration to its
AL using AT command.

[0103] Step 4: The UE AL starts QoE measurement collection in accordance with the
reccived QoFE measurement configuration.

[0104] Step 5: If the QOE measurement collection has been completed, then the UE AL
sends the collected QoE measurement results to the UE AS layer in a QoE measurement report
using AT command.

[0105] Step 6: The UE AS layer sends the QoE measurement report in a UL RRC message
to the RAN 120.

[0106] Step 7: The RAN 120 forwards the received QoE measurement report to the
TCE/MCE.

[0107] The OAM 160 initiates QMC deactivation if it is not interested in receiving QoE
measurements for certain services from UEs anymore, €.g., because it has enough QoE information
for those services. The steps of the management-based QMC deactivation are as follows:

[0108] Step 1: The OAM 160 sends “Deactivate QoE measurement” message to the RAN
120 with the indication which QoE measurement configuration should be deactivated.

[0109] Step 2: The RAN 120 sends the deactivation indication in a DL. RRC message to

the concerned UE(s) AS layer to release the concerned QoE measurement configuration.
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[0110] Step 3: The UE AS layer sends the received deactivation indication to its AL using
AT command. The UE AL stops the recording and reporting of the concerned QoE measurecments.

[0111] Regarding QoE measurement configuration and reporting in the AS layer, for E-
UTRAN (aka LTE) in Rel-15 for QoE measurement configuration and reporting is transparent to
the AS layer, as described in 3GPP TS 36.331. The QoE measurement configuration from OAM
1s included in the container “measConfigAppLayerContainer-rl15” in the DL
RRCConnectionReconfiguration message. The maximum size of a QoE measurement
configuration can be 1000 bytes.

[0112] For transfcrring the QoE mcasurcment report, the UE 205 uscs Signaling Radio
Bearer (“SRB”) SRB4 and the UL RRC MeasurementReportAppLayer message. The QoE
mcasurcment report 1s included in the containcr “mcasReportAppLaycrContaincr-r15”.  The
maximum size of a QoE measurement report can be 8000 bytes. An event-triggered QoE reporting
is supported only, i.e., whenever the UE AS laver receives a QoE report from the UE application
layer, it transfers the QoE report to the E-UTRAN.

[0113] The QoE measurement configuration and reporting are supported in
RRC CONNECTED state only. The RRC signaling allows the LTE eNB to either setup and
release a single QoE measurement configuration for a UE 205 at a time, i.e., a setup and release
of multiple QoE measurement configurations is not supported. Furthermore, a temporary pause
or resume of QoE measurement configurations is not supported either.

[0114] Regarding measurement collection for connected mode mobility, a UE (e.g., the
UE 205) in RRC_ CONNECTED state will be configured by network to measure and report
neighboring cells in order to properly perform handover depending on, e.g., the mobility of the UE
or network load (in source cell and candidate target cells, e.g., reported via Xn/X2 interface). An
exemplary message flow of measurement configuration and reporting for connected mode
mobility is described below. The message flow involves the UE 205 and the RAN node 210.

[0115] At Step 1, the UE 205 receives the measurement and reporting configuration (e.g.,
in parameter measConfig) from the RAN node 210 either via the RRCReconfiguration or
RRCResume message. According to NR Rel-16 specification 3GPP TS 38.33 1, the measurement
and reporting configuration includes amongst other the following information: A) Measurement
configuration, which defines what to measure (i.c., RAT, and/or carrier frequency, and/or list of
cells, etc.); and B) Reporting configuration, which defines when and how measurements shall be
reported (e.g., periodical, or event-triggered). In the case of periodical reporting, a defined report
interval triggers the reporting. In case of event-triggered reporting, a certain measurement result

triggers the reporting.
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[0116] At Step 2, in accordance with the measurement and reporting configuration
reccived from the RAN node 210, the UE 205 measures neighboring cells and reports the cells
which fulfill the measurement criteria, €.g., measurement object, thresholds, periodical or event-
based triggering, cells to measure, ¢tc.

[0117] At Step 3, the UE 205 reports the measured results to the RAN node 210 via the
MeasurementReport message.

[0118] At Step 4, the RAN node 210 evaluates the reported measurements from the UE
205 and decides on whether to perform handover - or not - depending on, e.g., the mobility of the
UE 205 or nctwork load.

[0119] Figure 3 depicts one configuration of a UL AS protocol layer 300 with NR QoE
mcasurcment reporting. The UL AS protocol layer 300 may be onc embodiment of the uplink
aspects of the AS layer 255 and AS layer 260 in the UE 205, described above with reference to
Figure 2. In the control plane, three SRBs are configured: SRB1 for RRC messages, SRB2 for
NAS messages, and SRB4 for the MeasurementReportAppLayer message used for sending
application layer measurement reports for streaming and MTSI services. In the user plane, two
DRBs are configured: DRBI for carrying data of an MTSI service and DRB2 for carrying data of
IP Multimedia Subsystem (“IMS”) signaling.

[0120] In MAC sublayer 225, the UE 205 creates a MAC PDU (e.g., for the non- Multiple-
Input Multiple-Output (“MIMO?”) case) to be transmitted on PUSCH in the PHY layer 220. A
MAC PDU refers to a transport block (*TB”) and contains UL data from the different logical
channels. The UE 205 performs the scheduling and priority handling of the UL data from the
different logical channels in accordance with the configuration received from the network. See
3GPP TS 38.331 and 3GPP TS 38.321. The network controls the scheduling and priority handling
of UL data by the following main parameters:

e priority in the range 1 to 16, 1.c., value 1 1s highest priority and value 16 is lowest priority.
The parameter is set for each configured logical channel.

e prioritiscdBitRatc which scts the Prioritized Bit Ratc (“PBR”) in the valuc range {OkBps,
8kBps, 16kBps, 32kBps, 64kBps, 128kBps, 256kBps, 512kBps, 1024kBps, 2048kBps,
4096kBps, 8192kBps, 16384kBps, 32768kBps, 65536kBps, infinity}. For SRBs, the PBR
is set to infinity. The PBR corresponds to a guaranteed minimum bit rate.

¢ DbucketSizeDuration which sets the Bucket Size Duration (“BSD”) in the value range {Sms,
10ms, 20ms, 50ms, 100ms, 150ms, 300ms, 500ms, 1000ms}.

[0121] The above parameters ensure that the UE 2035 transmits the UL data according to

the Quality of Service (*QoS”) of each configured radio bearer and the allocated radio resources.
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On the other hand, they ensure that potential starvation of UL data from low-priority radio bearers
is avoided.

[0122] Exemplary configuration for MAC scheduling and priority handling are described
in Table 1, below:

Table 1
RB Logical Channel Identity Priority | Prioritized Bit Rate Bucket Size Duration
SRB1 1 1 Infinity 1000ms
SRB2 |2 2 Infinity 1000ms
SRB4 |4 4 Infinity 1000ms
DRB1 |5 6 8 kBps 100 ms
DRB2 | o6 7 16 kBps 100 ms

[0123] The solutions described herein deal with supporting QoE measurement reporting in
NR RAN in an efficient manner. According to a first solution, RRC messages are introduced for
requesting and transferring the size of stored QoE reports in the UE 205. According to a second
solution, indication of QoE reporting policy is provided in a QoE resume indication. According
to a third solution rules are provided for creating and transmitting QoE reports in the
MeasuremeniReporiAppLayer message.

[0124] According to embodiments of the first solution, new RRC messages are introduced
for requesting and transferring the size of stored QoE reports in the UE 205. Figures 4 and 5 depict
embodiments of the ASN. 1 structure for the following new RRC messages:

[0125] Figure 4 depicts an example of an RRCBufferStatusRequest message containing the
parameter “nr-qoe-MeasReportReq-r17” to request the size of stored QoE reports in the UE 205.
With the paramcter “mcasurcmentReportRegAll-r17” the network requests the size of all stored
QoE reports. With the parameter “measurementReportReqList-r17” the network requests the size
of stored QoE reports for a list of configured QoE measurements given by “NR-QOE-
Configlndex-r177.

[0126] Figure 5 depicts an example of an RRCBufferStatusResponse message containing
the paramcter “nr-qoc-McasReport-r17” to transfer the size of storcd QoE reports in the UE 205.
With the parameter “measurementReportAll-r17” the UE 205 transfers the size of all stored QoE
reports. In Figure 5, an exemplary value range for this parameter is shown. The value “kB8”
means that the size of all stored QoE reports is equal to or lower than 8 kBytes, the value “kB12”
means that the size of all stored QoE reports is equal to or lower than 12 kBytes and so on. The

value “infinity” means that the size of all stored QoE reports i1s larger than 128 kBytes.
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[0127] With the parameter “measurementReportList-r17” the UE 205 transfers the size of
stored QoE reports for a list of configured QoE measurements given by “‘nr-qoe-Configlndex-r17”.
In Figure 5, an exemplary value range for this parameter is shown. Except of value “infinity” each
value given by parameter measurementReport-r17 means that the size of the stored QoE reports
for the configured QoE measurement is equal to or lower than the signaled value. The value
“infinity” means that the size of the stored QoE reports for the configured QoE measurement is
larger than 128 kBytes.

[0128] Alternatively, the content of the new RRC messages may be carried on existing
RRC mcssages, i.c., the content of RRCBufferStatusRequest may be carricd on, c.g.,
UL InformationRequest or RRCReconfiguration, and the content of RRCBufferStatusResponse
may be carricd on, c.g., UEInformationResponse or UEAssistancelnformation.

[0129] According to embodiments of the second solution, indication of QoE reporting
policy is provided in a QoE resume indication.

[0130] Figure 6 depicts one embodiment of ASN. 1 structure for an RRC resume indication.
If RAN congestion is relieved, then the network (i.c., RAN node 210) sends the QoE resume
indication to the UE 205 to resume sending QoFE reports. The QoF resume indication contains one
or more of the following parameters:

[0131] The parameter “nr-qoe-ConfigToResumeList-r17” indicates the list of configured
QoE measurements for which QoE reporting shall be resumed. If the parameter is absent, then it
indicates the UE to resume QoE reporting for all configured QoE measurements.

[0132] The parameter “nr-qoe-ReportingPolicy-r17” indicates the policy Lo apply for QOE
reporting. Value “fifo” stands for “first-in first-out,” i.e., the UE shall start processing with the
oldest QoE report. Value “lifo” stands for “last-in first-out,” i.e., the UE shall start processing
with the most recent QoE report. If the parameter nr-qoe-ReportingPolicy-rl7 is not present, then
it is left to UE implementation how to process the QoE reports.

[0133] The parameter “‘nr-qoe-DiscardTimer-r17” indicates the maximum buffering time
of a QoE report in the RRC buffer after transmitting the QoE report to lower layers (1.e., L2) over
SRB4. Value ‘ms10’ corresponds to 10 ms, value “‘ms20” corresponds to 20 ms and so on. In one
implementation, the new timer applies commonly to all QoE reports, 1.c., there are multiple
instances of the timer, and each instance of the timer is associated with a QoE report. If a QoE
report is sent per MeasurementReportAppLayer message to lower layers, then the nr-qoe-
DiscardTimer-r17 is started for the associated QoFE report.

[0134] When the nr-qoe-DiscardTimer-r17 expires for a QoE report, or the successful
delivery of a QoF report is confirmed by lower layers, the UE 205 shall discard the QoFE report
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from the RRC buffer. Ifthe timer for a QoE report expires, then the RRC sublayer sends to lower
layers (Packet Data Convergence Protocol (“PDCP”) or Radio Link Control (“RLC”)) a
notification to discard the corresponding PDCP or RLC packets from the transmission buffers.

[0135] In another implementation, the network may configure the parameter “nr-qoe-
DiscardTimer-r17” specifically to a QoE measurement configuration depending on the service
type. For instance, for service types such as VR for which large QoE reports are expected to be
created the network may want to configure larger timer values. Furthermore, if the nr-qoe-
DiscardTimer-r17 is present then the network does not configure the PDCP discard timer for
SRB4. Likcwisc, if the nr-qoc-DiscardTimer-r17 is not present then the network configurcs the
PDCP discard timer for SRB4.

[0136] The QoE rcsumce indication can be sent by the network cither on a new RRC
message or existing RRC message such as RRCReconfiguration.

[0137] Figure 7 depicts an example of the storage of QoE reports in an RRC buffer 700,
according to embodiments of the disclosure. Here, the RRC buffer 700 is depicted as comprising
six QoE reports (number #1 to #6). The first QoE Report #1 corresponds to a first QoE
measurement configuration (e g., for streaming services), the QoE Report #2 and QoE Report #5
correspond to a second QoE measurement configuration (e.g., for MTSI), the QoE Report #3
corresponds to a third QoE measurement configuration (e.g., for VR services), and the QoE Report
#4 and QoE Report #6 correspond to a fourth QoE measurement configuration (¢.g., for MBS).

[0138] Additionally, the first arriving QoE report (depicted as QoE Report #1) is assumed
to have armved at time ‘L1°, the second arriving QoE report (depicted as QOE Report #2) 1s assumed
to have arrived at time “t2°, the third arriving QoE report (depicted as QoE Report #3) is assumed
to have arrived at time “t3°, the fourth arriving QoE report (depicted as QoE Report #4) is assumed
to have arrived at time “t4°, the fifth arriving QoE report (depicted as QoE Report #5) is assumed
to have arrived at time ‘t5°, and the sixth arriving QoE report (depicted as QoE Report #6) is
assumed to have arrived at time “t6°.

[0139] According to embodiments of the third solution, rules are provided for creating and
transmitting QoE reports in the MeasurementReportApplayer message.

[0140] Figure 8 depicts one embodiment 800 of creating and transmitting multiple QoE
reports in the MeasurementReportAppLayer message 805. According to one rule or set of rules,
QoE reports shall be transmitted in event-triggered manner, as follows:

[0141] In RAN congestion case: In accordance with the QoE resume indication received
from the network (sec also Figure 6), the UE 205 creates and transmits stored QoE reports as

follows: All concerned QoFE reports 810 are concatenated and encapsulated into the
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MeasurementReportAppLayer message 805. The UE 205 determines the resulting size of the
MeasurementReportAppLayer message 805. If the size of the MeasurementReportAppLayer
message 805 is larger than the maximum size of an RRC message of 9000 bytes, then the UE 205
performs RRC message segmentation 815. The UE 205 ensures that the size of each segment is
less than or equal to the RRC message size limit. Each segment is then included in the existing
UL DedicatedMessageSegment message and sent to lower layers. In the depicted embodiment, N
QoE reports are encapsulated, then segmented into L ULDedicatedMessageSegment messages.

[0142] In normal operation mode (non-RAN congestion case): the UE 205 transfers a QoE
report to the network whenever the UE AS layer reccives a QoE report from the UE Application
Layer. Ifthe UE AS layer receives a single QoE report from UE application layer at a time, then
this QoE rcport will be transmitted in a singlc MeasurementReportAppLayer mcssage 805.
However, if the UE AS layer receives multiple QoE reports from the UE application layer at the
same time, then these multiple QoFE reports will be transmitted according to the RAN congestion
case, as described above.

[0143] Beneficially, the proposed solutions may allow the UE 205 to transmit multiple
QoE reports in a single MeasurementReportAppLayer message 805 which is more efficient
compared to transmitting a single QoE report in a single message. The proposed solutions allow
the network to selectively control the transmission of stored QoE reports which were created and
stored during RAN overload. Depending on how long the RAN overload situation may take, this
is more cfficient compared to allowing the transmission of all QoE reports. Some further
embodiments of the proposed solutions are described below .

[0144] Figure 9 depicts a procedure 900 for QoE report handling at QoE pause, according
to embodiments of the disclosure. The procedure 900 involves the UE 205 — comprising a UE AS
layer (depicted as “UE AS”) 905 and a UE Application Layer (depicted as “UE AL™) 910. In the
procedure 900, the QoE reports which are created and sent by UE Application Layer 910 during
QoE pause are stored in UE AS layer.

[0145] As a prerequisite, the UE 205 receives a QMC configuration from the RAN node
210 (not depicted in Figure 9). As an example of this embodiment, it is assumed that the UE 205
m RRC CONNECTED state has been configured to collect QoE measurements for streaming
(configuration #1), MTSI (configuration #2), VR (configuration #3) and MBS (configuration #4).

[0146] At Step 1, the RAN node 210 determines that RAN congestion has occurred, e.g.,
due to high traffic load in the cell served by the RAN node 210 (see block 915).

[0147] At Step 2, in order not to further increase the traffic load in the cell, the RAN node
210 sendsto the UE 205 (and other UEs as well) a QoE Pause indication to pause the QoF reporting



10

15

20

25

30

CA 03227593 2024-1-31

WO 2023/047332 PCT/IB2022/058981
25

for all configured QoE measurements, ¢.g., responsive to detecting the RAN congestion condition
(sec messaging 920). As depicted, the QoE Pause indication is received at the UE AS layer 905.

[0148] At Step 3, during the QoE pause phase, the UE Application Layer 910 — unaware
of the RAN congestion — continues with QMC and sends a series of AT commands to the UE AS
layer 905, each AT command message containing a QoE Report (sec messaging 925). In the
depicted example. the UE Application Layer 910 forwards N QoE reports to the UE AS layer 905.

[0149] At Step 4, the UE AS layer 905 stores each received QoE report, ¢.g., in an RRC
buffer (see block 930). As an example, it is assumed that the RAN congestion situation lasts for
onc hour and that during that timec, thc UE AS laycr 905 rcecives six QoE reports from UE
Application Layer 910 and stores them in its RRC buffer. Referring to Figure 7, the following
sizcs of the storcd QoFE reports arc assumed in this cxample: QoE report #1 = 2 kBytes; QoE rcport
#2 = 1 kByte; QoE report #3 = 18 kBytes; QoE report #4 = 2 kBytes; QoE report #5 = 1 kByte;
and QoE report #6 = 2 kBytes (in total 26 kBytes).

[0150] Returning to Figure 9, at Step 5, the RAN node 210 determines that the RAN
congestion is relieved (see block 935).

[0151] At Step 6, in order to avoid RAN congestion due to transfer of potentially large
volume of stored QoE reports the RAN node 210 sends to the UE 205 (i.e., to the UE AS layer
905) the RRCBufferStatusRequest message (see messaging 940). Referring to Figure 4, the RAN
node 210 may request the size of all stored QoE reports by setting the parameter
“measurementReportReqAll-r17” in the RRCBufferStatusRequest message 400.

[0152] Returning Lo Figure 9, al Step 7, the UE AS layer 905 sends (o the RAN node 210
an RRCBufferStatusResponse message indicating the size of all stored QoE reports (see messaging
945). Referring to Figure 5, the UE AS layer 905 may transfer the size of all stored QoE reports
to the RAN node 210 by sctting the parameter “measurementReportAll-r17” to the enumerated
value “kB327 (i.c., 32 kBytes) in the RRCBufferStatusResponse message 500, as this is the smallest
enumerated value that exceeds the actual RRC buffer size of 26 kBytes.

[0153] Returning to Figure 9, at Step 8, the RAN node 210 sends to the UE 205 (i.e., the
UE AS layver 905) the QoE resume indication requesting the UE 205 to resume the QoE
measurement reporting (see messaging 950). Referring to Figure 6, the RAN node 210 may
request the UE to resume QoE reporting for a subset of the configured QoE measurement
configurations, €.g., for the QoE measurement configuration #1 (e.g., streaming services), #2 (e.g.,
MTSI), and #4 (¢.g., MBS), using the parameter “nr-qoe-ConfigToResumeList.” As an example,
it is assumed that the parameter “nr-qoe-ReportingPolicy-r177 is set to “fifo™ (first-in, first-out)

and the parameter “nr-qoe-Discard Timer-r17” is set to 50ms.
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[0154] At Step 9, in accordance with the received QoE resume indication the UE AS layer
905 processes the stored QoE reports (see block 955). According to the above example, the UE
AS layer 905 creates a MeasurementReportAppLayer message which contains the QoE reports #1,
#2, #4, #5 and #6 (following first-in, first-out order). However, because the resulting size of the
MeasurementReportAppLayer message is smaller than the RRC message size limit of 9000 bytes,
no segmentation of the MeasurementReportAppLaver message 1s needed. Note that according to
Figure 7 the QoE report #3 corresponds to QoE measurement configuration #3, which is not listed
in the parameter “nr-qoe-ConfigToResumeList.”

[0155] At Step 10, the UE AS laycr 905 sends the MeasurementReportApplayer mcssage
tothe RAN node 210 (see messaging 960). When the successful delivery of the QoE reports within
the nr-qoc-DiscardTimer-r17 valuc 1s confirmed by lower layers, the UE AS laycr 905 discards
the QoE reports #1, #2, #4, #5 and #6 from the RRC buffer.

[0156] In an alternative embodiment of the procedure 900, at Step 8, the QoE resume
indication sent by the RAN node 210 (sce messaging 950) may request the UE 205 to resume the
QoE measurement reporting for the QoE measurement configuration #3 (VR) and #4 (MBS). For
example, the parameter “nr-qoe-ReportingPolicy-r17” may be set to “lifo” (last-in, first-out) and
the parameter “nr-qoe-DiscardTimer-r17” is set to 50ms.

[0157] At alternative Step 9, in accordance with the received QoE resume indication the
UE 205 processes the stored QoE reports. That means the UE 205 creates a
MeasurementReportAppLayer message which contains the QoE reports #6, #4 and #3 (following
last-in, first-out order). Since the resuling size of the MeasurementRepor(AppLayer message 1s
22 kBytes and thus larger than the RRC message size limit of 9000 bytes, the
MeasurementReportAppLayer message needs to be segmented into 3 segments.

[0158] Step 10: The UE sends the QoE reports #6, #4 and #3 as segments in the
UL DedicatedMessageSegment message to the gNB, as shown in Figure 10. When the successful
delivery of the QoE reports within the nr-qoe-DiscardTimer-r17 value 1s confirmed by lower
layers, the UE discards the QoE reports #6, #4 and #3 from the RRC buffer.

[0159] Figure 10 depicts one embodiment 1000 of a MeasurementReportAppLayer
message 1005 segmented into a plurality of ULDedicatedMessageSegment messages 1015,
according to embodiments of the disclosure. Here, the MeasurementReportAppLayer message
1005 contains the QoE report #6 (2 kBytes), the QoE report #4 (2 kBytes), and the QoE report #3
(18 kBytes), for a total size of 22 kBytes. All concerned QoE reports 1010 are concatenated and
encapsulated into the MeasurementReportAppLayer message 1005, Because the size of the

MeasurementReportAppl.ayer message 1005 is larger than the maximum size of an RRC message
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0of 9000 bytes, the UE 205 performs RRC message segmentation to segment the encapsulated QoE
reports into three ULDedicatedMessageSegment messages 1015, The UE 205 ensures that the
size of each segment is less than or equal to the RRC message size limit.

[0160] Figure 11 depicts a further procedure 1100 for QoE report handling at QoE pause,
according to embodiments of the disclosure. The procedure 1100 involves the UE 205 —
comprising the UE AS layer (depicted as “UE AS™) 905 and the UE Application Layer (depicted
as “UE AL”) 910. In the procedure 1100, the QoE reports are stored at the UE Application Layer
910.

[0161] At Step 1, the RAN node 210 dctermines that RAN congcestion has occurred (scc
block 1105).

[0162] At Step 2, thc RAN node 210 scnds a QoE Pausc indication to the UE AS laycr
905, which forwards the QoE Pause indication to the UE Application Layer 910 (see messaging
1110 and 1115).

[0163] At Step 3, the UE Application Layer 910 continues QMC, but stores the QoE
reports at the UE Application Layer 910 (see block 1120).

[0164] At Step 4, the RAN node 210 determines that the RAN congestion is relieved (see
block 1125).

[0165] At Step 5, in order to avoid RAN congestion due to transfer of potentially large
volume of stored QoE reports the RAN node 210 requests the size of all stored QoE reports from
the UE 205 (i.c., the UE Application Layer 910), ¢.g., using the RRCBufferStatusRequest message
(see messaging 1130).

[0166] At Step 6, the UE AS layer 905 retrieves the size of all stored QoE reports from the
UE Application Layer 910 (see messaging 1135).

[0167] At Step 7, the UE AS layer 905 indicates the size of all stored QoE reports to the
RAN node 210, c.g., in the RRCBufferStatusResponse message (see messaging 1140).

[0168] At Step 8, the RAN node 210 sends a QoE Resume indication to the UE AS layer
905, which forwards the QoE Resume indication to the UE Application Layer 910 (sec messaging
1145 and 1150).

[0169] At Step 9, the UE Application Layer 910 determines to forward the stored QoE
reports (see block 1155).

[0170] At Step 10, the UE Application Layer 910 sends a series of AT commands to the
UE AS layer 905, each AT command message containing a QoE Report (see messaging 1160). In
the depicted example, the UE Application Layer 910 forwards N QoE reports.
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[0171] At Step 11, the UE AS layer 905 processes the received QoE reports (see block
1165).

[0172] At Step 12, the UE AS layer 905 sends a MeasurementReportAppLayer message to
the RAN node 210 (see messaging 1170). Exemplary structure and segmentation of the
MeasurementReportAppLayer message is described above with reference to Figure 8.

[0173] A third embodiment of QoE reporting, in normal operation mode, is presented. In
an example of this embodiment, the UE AS layer 905 receives 6 QoE reports from UE Application
Layer 910 at following time instances:

[0174] t1. QoE rcport #1: 2 kBytcs

[0175] t2: QoE report #2: 1 kByte

[0176] t3: QoE rcport #3: 18 kBytcs; QoE rcport #4: 2 kBytes; QoE rcport #5: 1 kBytc

[0177] t4. QoE report #6: 2 kBytes

[0178] The QoE reports #1, #2 and #6 are transmitted each in a single
MeasurementReportAppLayer message since its size is always smaller than the RRC message size
limit of 9000 bytes.

[0179] For the QoFE reports #3, #4 and #5 the UE concatenates the QoE reports and
encapsulates the concatenated QoE reports into a MeasurementReportAppLayer message. Since
the resulting size of the MeasurementReportAppLayer message is 21 kBytes and thus larger than
the RRC message size limit of 9000 bytes, the MeasurementReportAppLayer message is
segmented into 3 segments. The UE sends the QoE reports #3, #4 and #5 as segments in the
UL DedicatedMessageSegment message (o the gNB.

[0180] Figure 12 depicts a user equipment apparatus 1200 that may be used for QoE
measurement reporting control, according to embodiments of the disclosure. In various
embodiments, the user equipment apparatus 1200 is used to implement one or more of the solutions
described above. The user equipment apparatus 1200 may be one embodiment of a user endpoint,
such as the remote unit 105 and/or the UE 205, as described above. Furthermore, the user
equipment apparatus 1200 may include a processor 1205, a memory 1210, an input device 1215,
an output device 1220, and a transceiver 1225.

[0181] In some embodiments, the input device 1215 and the output device 1220 are
combined into a single device, such as atouchscreen. In certain embodiments, the user equipment
apparatus 1200 may not include any input device 1215 and/or output device 1220. In various
embodiments, the user equipment apparatus 1200 may include one or more of: the processor 1203,
the memory 1210, and the transceiver 1225, and may not include the input device 1215 and/or the

output device 1220.
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[0182] As depicted, the transceiver 1225 includes at least one transmitter 1230 and at least
one receiver 1235, In some embodiments, the transceiver 1225 communicates with one or more
cells (or wireless coverage arcas) supported by one or more basc units 121. In various
embodiments, the transceiver 1225 is operable on unlicensed spectrum. Moreover, the transceiver
1225 may include multiple UE panels supporting one or more beams. Additionally, the transceiver
1225 may support at least one network mterface 1240 and/or application interface 1245. The
application interface(s) 1245 may support one or more APIs. The network interface(s) 1240 may
support 3GPP reference points, such as Uu, N1, PC5, etc. Other network interfaces 1240 may be
supportcd, as undcrstood by onc of ordinary skill in the art.

[0183] The processor 1205, in one embodiment, may include any known controller capable
of cxcecuting computer-rcadable instructions and/or capablce of performing logical opcrations. For
example, the processor 1205 may be a microcontroller, a microprocessor, a central processing unit
(*“CPU™), a graphics processing unit (“GPU”), an auxiliary processing unit, a ficld programmable
gate array (“"FPGA”), or similar programmable controller. In some embodiments, the processor
1205 executes instructions stored in the memory 1210 to perform the methods and routines
described herein. The processor 1205 is communicatively coupled to the memory 1210, the input
device 1215, the output device 1220, and the transceiver 1225.

[0184] In various embodiments, the processor 1205 controls the user equipment apparatus
1200 to implement the above-described UE behaviors. In certain embodiments, the processor
1205 may include an application processor (also known as “main processor”’) which manages
application-domain and operating system (“OS”) functions and a baseband processor (also known
as “baseband radio processor”) which manages radio functions.

[0185] In various embodiments, via the transceiver 1225, the processor 1205 receives,
from a network node, a first message requesting a size of stored QoE measurement reports in the
RRC buffer (i.c., an element of the processor 1205, the memory 1210, the transceiver 1225, and/or
the network interface 1240). In some embodiments, the first message is received while the
apparatus is in a UE state in which QoE measurement reporting is not allowed. In some
embodiments, the first message includes a request to transfer the size of all stored QoE
measurement reports. In some embodiments, the first message includes a request to transfer the
size of the stored QoE measurement reports for a list of configured QoE measurements.

[0186] The processor 1205 determines the size of the stored QoE measurement reports in
response to the first message and directs the transceiver 1225 to transmit a second message to the
network node. Here, the second message includes the size of stored QoE measurement reports in

the RRC buffer. In some embodiments, the second message is sent while the apparatus is in the
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UE state in which QoE measurement reporting 1s not allowed. In some embodiments, the second
message includes the size of all stored QoE measurement reports. In some embodiments, the
second message includes the size of the stored QoE measurement reports for a list of configured
QoE measurements.

[0187] Via the transceiver 12235, the processor 1205 receives, from the network node, a
third message including a configuration to enable resumption of QoE measurement reporting. In
some embodiments, the third message is received while the apparatus is in a UE state in which
QoE measurement reporting is not allowed.

[0188] In somc cmbodiments, the configuration to cnablc resumption of QoE measurcment
reporting includes a start indication for QoE measurement report processing, where the start
indication includces an indication to start the processing with the oldest QoE mcasurcment rcport
or an indication to start the processing with the most recent QoE measurement report. In certain
embodiments, the configuration to enable resumption of QoE measurement reporting further
includes an indication of maximum buffering time of the stored QoE measurement reports in the
RRC buffer when the stored QoE measurement reports have been sent to lower layers for
transmission.

[0189] The processor 1205 directs the transceiver 1225 to transmit at least one fourth
message to the network node. Here, each of the at least one fourth message includes at least one
QoE measurement report. In some embodiments, the fourth message includes one or multiple
complete QoE measurement reports. In certain embodiments, the fourth message further includes
one or multiple segments of QUE measurement reports.

[0190] The memory 1210, in one embodiment, is a computer readable storage medium. In
some embodiments, the memory 1210 includes volatile computer storage media. For example, the
memory 1210 may include a RAM, including dynamic RAM (*DRAM?™), synchronous dynamic
RAM (“SDRAM™), and/or static RAM (“SRAM”). In some embodiments, the memory 1210
includes non-volatile computer storage media. For example, the memory 1210 may include a hard
disk drive, a flash memory, or any other suitable non-volatile computer storage device. In some
embodiments, the memory 1210 includes both volatile and non-volatile computer storage media.

[0191] In some embodiments, the memory 1210 stores data related to QoE measurement
reporting control. For example, the memory 1210 may store parameters, configurations, and the
like as described above. In certain embodiments,; the memory 1210 also stores program code and
related data, such as an operating system or other controller algorithms operating on the user

equipment apparatus 1200.
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[0192] The inputdevice 1215, in one embodiment, may include any known computer input
device including a touch panel, a button, a keyboard, a stylus, a microphone, or the like. In some
embodiments, the input device 1215 may be integrated with the output device 1220, for example,
as a touchscreen or similar touch-sensitive display. In some embodiments, the input device 1215
includes a touchscreen such that text may be input using a virtual keyboard displaved on the
touchscreen and/or by handwriting on the touchscreen. In some embodiments, the input device
1215 includes two or more different devices, such as a keyboard and a touch panel.

[0193] The output device 1220, in one embodiment, is designed to output visual, audible,
and/or haptic signals. In somc cmbodiments, the output device 1220 includes an clectronically
controllable display or display device capable of outputting visual data to a user. For example, the
output device 1220 may include, but is not limited to, a Liquid Crystal Display (“LCD”), a Light-
Emitting Diode (“LED”) display, an Organic LED (“OLED”) display, a projector, or similar
display device capable of outputting images, text, or the like to a user. As another, non-limiting,
example, the output device 1220 may include a wearable display separate from, but
communicatively coupled to, the rest of the user equipment apparatus 1200, such as a smart watch,
smart glasses, a heads-up display, or the like. Further, the output device 1220 may be a component
of a smart phone, a personal digital assistant, a television, a table computer, a notebook (laptop)
computer, a personal computer, a vehicle dashboard, or the like.

[0194] In certain embodiments, the output device 1220 includes one or more speakers for
producing sound. For example, the output device 1220 may produce an audible alert or notification
(c.g., abeep or chime). In some embodiments, the output device 1220 includes one or more haplic
devices for producing vibrations, motion, or other haptic feedback. In some embodiments, all or
portions of the output device 1220 may be integrated with the input device 1215. For example,
the input device 1215 and output device 1220 may form a touchscreen or similar touch-sensitive
display. In other embodiments, the output device 1220 may be located near the input device 1215.

[0195] The transceiver 1225 communicates with one or more network functions of a
mobile communication network via one or more access networks. The transceiver 1225 operates
under the control of the processor 1205 to transmit messages, data, and other signals and also to
receive messages, data, and other signals. For example, the processor 1205 may sclectively
activate the transceiver 1225 (or portions thereof) at particular times in order to send and receive
messages.

[0196] The transceiver 1225 includes at least one transmitter 1230 and at least one receiver
1235. One or more transmitters 1230 may be used to provide UL communication signals to a base

unit 121, such as the UT, transmissions described herein. Similarly, one or more receivers 1235



10

15

20

25

30

CA 03227593 2024-1-31

WO 2023/047332 PCT/IB2022/058981
32

may be used to receive DL communication signals from the base unit 121, as described herein.
Although only one transmitter 1230 and one receiver 1235 are illustrated, the user equipment
apparatus 1200 may have any suitable number of transmitters 1230 and receivers 1235. Further,
the transmitter(s) 1230 and the receiver(s) 1235 may be any suitable type of transmitters and
receivers. In one embodiment, the transceiver 1223 includes a first transmitter/receiver pair used
to communicate with a mobile communication network over licensed radio spectrum and a second
transmitter/receiver pair used to communicate with a mobile communication network over
unlicensed radio spectrum.

[0197] In ccertain cmbodiments, the first transmitter/reeciver pair used to communicate
with a mobile communication network over licensed radio spectrum and the second
transmittcr/receiver pair uscd to communicatc with a mobile communication nctwork over
unlicensed radio spectrum may be combined into a single transceiver unit, for example, a single
chip performing functions for use with both licensed and unlicensed radio spectrum. In some
embodiments, the first transmitter/receiver pair and the second transmitter/receiver pair may share
one or more hardware components. For example, certain transceivers 12235, transmitters 1230, and
receivers 1235 may be implemented as physically separate components that access a shared
hardware resource and/or software resource, such as for example, the network interface 1240.

[0198] In various embodiments, one or more transmitters 1230 and/or one or more
reccivers 1235 may be implemented and/or integrated into a single hardware component, such as
a multi-transceiver chip, a system-on-a-chip, an Application-Specific Integrated Circuit (“ASIC™),
or other type of hardware component. In certain embodiments, one or more transmitlers 1230
and/or one or more receivers 1235 may be implemented and/or integrated into a multi-chip module.
In some embodiments, other components such as the network interface 1240 or other hardware
components/circuits may be integrated with any number of transmitters 1230 and/or receivers 1235
into a single chip. In such embodiment, the transmitters 1230 and receivers 1235 may be logically
configured as a transceiver 1225 that uses one or more common control signals or as modular
transmitters 1230 and receivers 1235 implemented in the same hardware chip or in a multi-chip
module.

[0199] Figure 13 depicts anetwork apparatus 1300 that may be used for QoE measurement
reporting control, according to embodiments of the disclosure. In one embodiment, the network
apparatus 1300 may be one implementation of a network endpoint, such as the base unit 121 and/or
RAN node 210, as described above. Furthermore, the network apparatus 1300 may include a
processor 1305, a memory 1310, an input device 1315, an output device 1320, and a transceiver
1325,
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[0200] In some embodiments, the input device 1315 and the output device 1320 are
combined into a single device, such as a touchscreen. In certain embodiments, the network
apparatus 1300 may not include any input device 1315 and/or output device 1320. In various
embodiments, the network apparatus 1300 may include one or more of: the processor 1305, the
memory 1310, and the transceiver 1325, and may not include the input device 1315 and/or the
output device 1320.

[0201] As depicted, the transceiver 1325 includes at least one transmitter 1330 and at least
one receiver 1335, Here, the transceiver 1325 communicates with one or more remote units 105,
Additionally, the transcciver 1325 may support at Icast onc nctwork interfacc 1340 and/or
application interface 1345. The application interface(s) 1345 may support one or more APIs. The
nctwork intcrface(s) 1340 may support 3GPP rcferencece points, such as Un, N1, N2 and N3. Other
network interfaces 1340 may be supported, as understood by one of ordinary skill in the art.

[0202] The processor 1305, in one embodiment, may include any known controller capable
of exccuting computer-readable instructions and/or capable of performing logical operations. For
example, the processor 1305 may be a microcontroller, a microprocessor, a CPU, a GPU, an
auxiliary processing unit, a FPGA, or similar programmable controller. In some embodiments,
the processor 1305 executes instructions stored in the memory 1310 to perform the methods and
routines described herein. The processor 1305 is communicatively coupled to the memory 1310,
the input device 1315, the output device 1320, and the transceiver 1325,

[0203] In various embodiments, the network apparatus 1300 is a RAN node (c.g., gNB)
that communicates with one ormore UEs, as described herein. In such embodiments, the processor
1305 controls the network apparatus 1300 to perform the above-described RAN behaviors. When
operating as a RAN node, the processor 1305 may include an application processor (also known
as “main processor’’) which manages application-domain and operating system (“OS”) functions
and a baseband processor (also known as “baseband radio processor’”) which manages radio
functions.

[0204] In various embodiments, via the transceiver 1325, the processor 1305 transmits, to
a communication device, a first message requesting a size of stored QoE measurement reports in
an RRC buffer of the communication device. In some embodiments, the first message is received
while the communication device is in a UE state in which QoE measurement reporting is not
allowed. In some embodiments, the first message includes a request to transfer the size of all
stored QoE mecasurement reports. In some embodiments, the first message includes a request to

transfer the size of the stored QoE measurement reports for a list of configured QoE measurcments.
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[0205] Via the transceiver 1325, the processor 1305 receives a second message from a
communication device. Here, the second message includes the size of the stored QoE
measurement reports. In some embodiments, the second message is sent while the communication
device i1s in the UE state in which QoE measurement reporting is not allowed. In some
embodiments, the second message includes the size of all stored QoE measurement reports. In
some embodiments, the second message includes the size of the stored QoE measurement reports
for a list of configured QoE measurements.

[0206] The processor 1305 determines, using the second message, a configuration to
cnable rcsumption of QoE mcasurcment reporting at the communication device. In some
embodiments, the configuration to enable resumption of QoE measurement reporting includes a
start indication for QoE mcasurcment report processing, the start indication including an indication
to start the processing with the oldest QoE measurement report or an indication to start the
processing with the most recent QoE measurement report.

[0207] In certain embodiments, the configuration to enable resumption of QoE
measurement reporting further includes an indication of maximum buffering time of the stored
QoE measurement reports in the RRC buffer when the stored QoE measurement reports have been
sent to lower layers for transmission.

[0208] The processor 1305 directs the transmitter 1330 to transmit a third message to the
communication device, where the third message includes the configuration to enable resumption
of QoE measurement reporting. In some embodiments, the third message is received while the
communication device is in a UE state in which QoE measurement reporting is not allowed. Via
the transceiver 1325, the processor 1305 receives at least one fourth message from the
communication device, each of the at least fourth message including at least one QoE measurement
report.

[0209] The memory 1310, in one embodiment, is a computer readable storage medium. In
some embodiments, the memory 1310 includes volatile computer storage media. For example, the
memory 1310 may include a RAM, including DRAM, SDRAM, and/or SRAM. In some
embodiments, the memory 1310 includes non-volatile computer storage media. For example, the
memory 1310 may include a hard disk dnive, a flash memory, or any other suitable non-volatile
computer storage device. In some embodiments, the memory 1310 includes both volatile and non-
volatile computer storage media.

[0210] In some embodiments, the memory 1310 stores data related to QoE measurement
reporting control. For example, the memory 1310 may store paramecters, configurations, and the

like, as described above. Tn certain embodiments, the memory 1310 also stores program code and
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related data, such as an operating system or other controller algorithms operating on the network
apparatus 1300.

[0211] The inputdevice 1315, in one embodiment, may include any known computer input
device including a touch panel, a button, a keyboard, a stylus, a microphone, or the like. In some
embodiments, the input device 1315 may be integrated with the output device 1320, for example,
as a touchscreen or similar touch-sensitive display. In some embodiments. the input device 1315
includes a touchscreen such that text may be input using a virtual kevboard displayved on the
touchscreen and/or by handwriting on the touchscreen. In some embodiments, the input device
1315 includes two or morc different devices, such as a keyboard and a touch pancl.

[0212] The output device 1320, in one embodiment, is designed to output visual, audible,
and/or haptic signals. In somc cmbodiments, the output device 1320 includes an clectronically
controllable display or display device capable of outputting visual data to a user. For example, the
output device 1320 may include, but is not limited to, an LCD display, an LED display, an OLED
display, a projector, or similar display device capable of outputting images, text, or the like to a
user. As another, non-limiting, example, the output device 1320 may include a wearable display
separate from, but communicatively coupled to, the rest of the network apparatus 1300, such as a
smart watch, smart glasses. a heads-up display, or the like. Further, the output device 1320 may
be a component of a smart phone, a personal digital assistant, a television, a table computer, a
notebook (laptop) computer, a personal computer, a vehicle dashboard, or the like.

[0213] In certain embodiments, the output device 1320 includes one or more speakers for
producing sound. For example, the oulput device 1320 may produce an audible alert or notification
(e.g., a beep or chime). In some embodiments, the output device 1320 includes one or more haptic
devices for producing vibrations, motion, or other haptic feedback. In some embodiments, all or
portions of the output device 1320 may be integrated with the input device 1315. For example,
the input device 1315 and output device 1320 may form a touchscreen or similar touch-sensitive
display. In other embodiments, the output device 1320 may be located near the input device 1315.

[0214] The transceiver 1325 includes at least one transmitter 1330 and at least one receiver
1335. One or more transmitters 1330 may be used to communicate with the UE, as described
herein. Similarly, one or more receivers 1335 may be used to communicate with network functions
in the PLMN and/or RAN, as described hercin.  Although only one transmitter 1330 and one
receiver 1335 are illustrated, the network apparatus 1300 may have any suitable number of
transmitters 1330 and receivers 1335, Further, the transmitter(s) 1330 and the receiver(s) 1335

may be any suitable type of transmitters and receivers.
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[0215] Figure 14 depicts one embodiment of a method 1400 for QoE measurement
reporting control, according to embodiments of the disclosure. In various embodiments, the
method 1400 is performed by a communication device, such as a remote unit 105, a UE 205, and/or
the user equipment apparatus 1200, described above. In some embodiments, the method 1400 is
performed by a processor, such as a microcontroller, a microprocessor, a CPU, a GPU, an auxiliary
processing unit, a FPGA, or the like.

[0216] The method 1400 includes receiving 1403, from a communication network, a first
message requesting a size of stored QoE measurement reports in an RRC buffer. The method 1400
includes detcrmining 1410, by the communication device, the size of the storcd QoE mcasurcment
reports in response to the first message. The method 1400 includes transmitting 1415, to the
communication nctwork, a sccond mcssage including the size of storcd QoE mcasurcment reports
in the RRC buffer. The method 1400 includes receiving 1420, from the communication network,
a third message including a configuration to enable resumption of QoE measurement reporting.
The method 1400 includes transmitting 1425, to the communication network, at least one fourth
message including at least one QoE measurement report. The method 1400 ends.

[0217] Figure 15 depicts one embodiment of a method 1500 for QoE measurement
reporting control, according to embodiments of the disclosure. In various embodiments, the
method 1500 is performed by a network device, such as the base unit 121, the RAN node 210,
and/or the network apparatus 1300, as described above. In some embodiments, the method 1500
is performed by a processor, such as a microcontroller, a microprocessor, a CPU, a GPU, an
auxiliary processing unil, a FPGA, or the like.

[0218] The method 1500 includes transmitting 1505 a first message to a communication
device to request a size of stored QoE measurement reports in an RRC buffer of the communication
device. The method 1500 includes receiving 1510, from a communication device, a second
message including the size of the stored QoE measurement reports. The method 1500 includes
determining 1515, using the second message, a configuration to enable resumption of QoE
measurement reporting at the communication device. The method 1500 includes transmitting
1520, to the communication device, a third message including the configuration to enable
resumption of QoE measurement reporting. The method 1500 includes receiving 1525, from the
communication device, at least one fourth message including at least one QoE measurement report.
The method 1500 ends.

[0219] Disclosed herein is a first apparatus for QoE measurement reporting control,
according to embodiments of the disclosure. The first apparatus may be implemented by a

communication device, such as a remote unit 105, a UE 205, and/or the user equipment apparatus
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1200, described above. The first apparatus includes a transceiver and a processor coupled to an
RRC buffer, the processor configured to cause the apparatus to: A) receive, from a communication
network, a first message requesting a size of stored QoE measurement reports in the RRC buffer;
B) determine the size of the stored QoE measurement reports in response to the first message; C)
transmit, to the communication network, a second message including the size of stored QoE
measurement reports in the RRC buffer; D) receive, from the communication network, a third
message including a configuration to enable resumption of QoE measurement reporting; and E)
transmit, to the communication network, at least one fourth message including at least one QoE
mcasurcment report.

[0220] In some embodiments, the first message and the third message are received while
the first apparatus is in a UE statc in which QoE mcasurcment reporting 1s not allowed, wherein
the second message is sent while the first apparatus is in the UE state in which QoE measurement
reporting is not allowed.

[0221] In some embodiments, the first message includes a request to transfer the size of all
stored QoE measurement reports, wherein the second message includes the size of all stored QoE
measurement reports.

[0222] In some embodiments, the first message includes a request to transfer the size of
the stored QoE measurement reports for a list of configured QoE measurements, wherein the
second message includes the size of the stored QoE measurement reports for a list of configured
QoE measurements.

[0223] In some embodiments, the configuration to enable resumption of QoE measurement
reporting includes a start indication for QoE measurement report processing, the start indication
including an indication to start the processing with the oldest QOE measurement report or an
indication to start the processing with the most recent QoE measurement report.

[0224] In certain embodiments, the configuration to cnable resumption of QoE
measurement reporting further includes an indication of maximum buffering time of the stored
QoE measurement reports in the RRC buffer when the stored QoE measurement reports have been
sent to lower layers for transmission.

[0225] In some embodiments, the fourth message includes one or multiple complete QoE
measurement reports. In certain embodiments, the fourth message further includes one or multiple
segments of QoE measurement reports.

[0226] Disclosed herein is a first method for QoE measurement reporting control,
according to embodiments of the disclosure. The first method may be performed by a

communication device, such as a remote unit 105, a UE 205, and/or the user equipment apparatus
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1200, described above. The first method includes receiving, from a communication network, a
first message requesting a size of stored QoE measurement reports in an RRC buffer. The first
method includes determining, by the communication device, the size of the stored QoE
measurement reports in response to the first message and transmitting, to the communication
network, a second message including the size of stored QoE measurement reports in the RRC
buffer. The first method includes receiving, from the communication network. a third message
including a configuration to enable resumption of QoE measurement reporting and transmitting,
to the communication network, at least one fourth message including at least one QoE
mcasurcment report.

[0227] In some embodiments, the first message and the third message are received while
thc communication device 1s in a UE statc in which QoE mcasurcment rcporting is not allowed,
wherein the second message is sent while the communication device is in the UE state in which
QoE measurement reporting is not allowed.

[0228] In some embodiments, the first message includes a request to transfer the size of all
stored QoE measurement reports, wherein the second message includes the size of all stored QoE
measurement reports.

[0229] In some embodiments, the first message includes a request to transfer the size of
the stored QoE measurement reports for a list of configured QoE measurements, wherein the
second message includes the size of the stored QoE measurement reports for a list of configured
QoE measurements.

[0230] In some embodiments, the configuration to enable resumption of QoE measurement
reporting includes a start indication for QoE measurement report processing, the start indication
including an indication to start the processing with the oldest QOE measurement report or an
indication to start the processing with the most recent QoE measurement report.

[0231] In certain embodiments, the configuration to cnable resumption of QoE
measurement reporting further includes an indication of maximum buffering time of the stored
QoE measurement reports in the RRC buffer when the stored QoE measurement reports have been
sent to lower layers for transmission.

[0232] In some embodiments, the fourth message includes one or multiple complete QoE
measurement reports. In certain embodiments, the fourth message further includes one or multiple
segments of QoE measurement reports.

[0233] Disclosed herein is a second apparatus for QoE measurement reporting control,
according to embodiments of the disclosure. The second apparatus may be implemented by a

network device, such as the base unit 121, the RAN node 210, and/or the network apparatus 1300,
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as described above. The second apparatus includes a processor coupled to a transceiver, the
transceiver configured to communicate with a UE and the processor configured to cause the
apparatus to: A) transmit, to a communication device, a first message requesting a size of stored
QoE measurement reports in an RRC buffer of the communication device, B) receive, from the
communication device, a second message including the size of the stored QoE measurement
reports; C) determine, using the second message, a configuration to enable resumption of QoE
measurement reporting at the communication device; D) transmit, to the communication device, a
third message including the configuration to enable resumption of QoE measurement reporting;
and E) rcceive, from the communication devicee, at lcast onc fourth message including at Icast onc
QoE measurement report.

[0234] In somc cmbodiments, the first message and the third message arc reccived while
the communication device is in a UE state in which QoE measurement reporting is not allowed,
wherein the second message is sent while the communication device is in the UE state in which
QoE measurement reporting is not allowed.

[0233] In some embodiments, the first message includes a request to transfer the size of all
stored QoE measurement reports, wherein the second message includes the size of all stored QoE
measurement reports.

[0236] In some embodiments, the first message includes a request to transfer the size of
the stored QoE measurement reports for a list of configured QoE measurements, wherein the
second message includes the size of the stored QoE measurement reports for a list of configured
QoE measurcments.

[0237] In some embodiments, the configuration to enable resumption of QoE measurement
reporting includes a start indication for QoE measurement report processing, the start indication
including an indication to start the processing with the oldest QoE measurement report or an
indication to start the processing with the most recent QoE measurement report.

[0238] In certain embodiments, the configuration to enable resumption of QoE
measurement reporting further includes an indication of maximum buffering time of the stored
QoE measurement reports in the RRC buffer when the stored QoE measurement reports have been
sent to lower layers for transmission.

[0239] Disclosed herein is a second method for QoE measurement reporting control,
according to embodiments of the disclosure. The second method may be performed by a network
device, such as the base unit 121, the RAN node 210, and/or the network apparatus 1300, as
described above. The second method includes transmitting a first message to a communication

device to request a size of stored QoF measurement reports in an RRC buffer of the communication
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device and receiving, from the communication device, a second message including the size of the
stored QoE measurement reports. The second method includes determining, using the second
message, a configuration to enable resumption of QoE measurement reporting at the
communication device and transmitting, to the communication device, a third message including
the configuration to enable resumption of QoE measurement reporting. The second method
includes receiving, from the communication device, at least one fourth message including at least
one QoE measurement report.

[0240] In some embodiments, the first message and the third message are received while
the communication deviee is in a UE statc in which QoE mcasurcment reporting is not allowced,
wherein the second message is sent while the communication device is in the UE state in which
QoE mcasurcment rcporting is not allowed.

[0241] In some embodiments, the first message includes a request to transfer the size of all
stored QoE measurement reports, wherein the second message includes the size of all stored QoE
measurement reports.

[0242] In some embodiments, the first message includes a request to transfer the size of
the stored QoE measurement reports for a list of configured QoE measurements, wherein the
second message includes the size of the stored QoE measurement reports for a list of configured
QoE measurements.

[0243] In some embodiments, the configuration to enable resumption of QoE measurement
reporting includes a start indication for QoE measurement report processing, the start indication
including an indication Lo start the processing with the oldest QOE measurement reporl or an
indication to start the processing with the most recent QoE measurement report.

[0244] In certain embodiments, the configuration to cnable resumption of QoE
measurement reporting further includes an indication of maximum buffering time of the stored
QoE measurement reports in the RRC buffer when the stored QoE measurement reports have been
sent to lower layers for transmission.

[0245] Embodiments may be practiced in other specific forms. The described
embodiments are to be considered in all respects only as illustrative and not restrictive. The scope
of the mnvention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of the claims

are to be embraced within their scope.
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CLAIMS

A User Equipment (“UE”) apparatus comprising:

a Proccssor;

a Radio Resource Control (“RRC™) buffer; and

a memory coupled with the processor, the processor configured to cause the
apparatus to:

receive, from a communication network, a first message requesting a size of
stored Quality of Experience (“QoE”) measurement reports in the RRC
buffer;

determine the size of the stored QoE measurement reports in response to the first
message.

transmit, to the communication network, a second message comprising the size of
stored QoE measurement reports in the RRC buffer;

receive, from the communication network, a third message comprising a
configuration to enable resumption of QoE measurement reporting; and

transmit, to thc communication nctwork, at lcast onc fourth message comprising

at least one QoE measurement report.

The apparatus of claim 1, wherein the first message and the third message are received
while the apparatus is in a UE state in which QoE measurement reporting is not allowed,
wherein the second message i1s sent while the apparatus is in the UE state in which QoE

measurement reporting is not allowed.

The apparatus of claim 1, wherein the first message comprises a request to transfer a size
of all stored QoE measurement reports, wherein the second message comprises the size

of all stored QoE measurement reports.

The apparatus of claim 1, wherein the first message comprises a request to transfer the
sizc of the stored QoE mcasurcment reports for a list of configurcd QoE mcasurcments,
wherein the second message comprises the size of the stored QoE measurement reports

for a list of configured QoE measurements.

The apparatus of claim 1, wherein the configuration to enable resumption of QoE
measurement reporting comprises a start indication for QoE measurement report

processing, the start indication comprising an indication to start the processing with the
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oldest QoE measurement report or an indication to start the processing with the most

recent QoE measurement report.

6. The apparatus of claim 5, whercin the configuration to cnablce resumption of QoE
measurement reporting further comprises an indication of maximum buffering time of the
5 stored QoE measurement reports in the RRC buffer when the stored QoE measurement

reports have been sent to lower lavers for transmission.

7. The apparatus of claim 1, whercin the fourth message compriscs onc or multiple

complete QoE measurement reports.

8. The apparatus of claim 7, whercin the fourth mcessage further compriscs onc or multiple
10 segments of QoE measurement reports.
9. A network apparatus comprising:

a processor; and
a memory coupled to the processor, the processor configured to cause the
apparatus to:

15 transmit, to a communication device, a first message requesting a size of stored
Quality of Expcricnce (“QoE”) mcasurcment reports in a radio resource
control (“RRC”) buffer of the communication device;

receive, from the communication device, a second message comprising the size of
the stored QoE measurement reports;

20 determine, using the second message, a configuration to enable resumption of
QoE measurement reporting at the communication device;

transmit, to the communication device, a third message comprising the
configuration to enable resumption of QoE measurement reporting; and
receive, from the communication device, at least one fourth message comprising

25 at least one QoE measurement report.

10. The apparatus of claim 9, wherein the first message and the third message are received
while the communication device is in a UE state in which QoE measurement reporting is
not allowed, wherein the second message 1s sent while the communication device is in

the UE state in which QoE measurement reporting is not allowed.

CA 03227593 2024-1-31
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I1. The apparatus of claim 9, wherein the first message comprises a request to transfer a size
of all stored QoE measurement reports, wherein the second message comprises the size

of all stored QoE measurement reports.

12. The apparatus of claim 9, wherein the first message comprises a request to transfer the
5 size of the stored QoE measurement reports for a list of configured QoE measurements,
wherein the second message comprises the size of the stored QoE measurement reports

for a list of configured QoE measurements.

13. The apparatus of claim 9, wherein the configuration to enable resumption of QoE
measurement reporting comprises a start indication for QoE measurement report
10 processing, the start indication comprising an indication to start the processing with the
oldest QoE measurement report or an indication to start the processing with the most

recent QoE measurement report.

14. The apparatus of claim 13, wherein the configuration to enable resumption of QoE
measurement reporting further comprises an indication of maximum buffering time of the
15 stored QoE measurement reports in the RRC buffer when the stored QoE measurement

reports have been sent to lower lavers for transmission.

5. A method in a communication network, the method comprising:
transmitting a first message from a communication network to a communication
device to request a size of stored Quality of Experience (“QoE”)
20 measurement reports in a radio resource control (“RRC”) buffer of the
communication device;
receiving, from the communication device, a second message comprising the size
of the stored QoE measurement reports;
determining, using the second message, a configuration to enable resumption of
25 QoE measurement reporting at the communication device;
transmitting, to thc communication device, a third message comprising the
configuration to enable resumption of QoE measurement reporting; and
receiving, from the communication device, at least one fourth message
comprising at lcast onc QoE mcasurcment report.

30

CA 03227593 2024-1-31



WO 2023/047332

CA 03227593 2024-1-31

PCT/IB2022/058981

OAM

160

1/13

Mobile Core UDM/UDR
Network 140 149
SMF PCF
145 147
UPF AMF
141 143

Radio
Access
! Network

Data
Network
150

Application
Server 151

QoE Measurement
Configuration 125

120 Unit
/ 121 l
° [e]
N

’l Remote

Unit

QoE

Measurement — ?‘8‘7)

- Report(s) 127 —

Yan)

FIG. 1

100



2 Ol .

PCT/IB2022/058981

2/13

pem————_————_——— ) pe_————_—_—_——_————— | fFpo————————_——— a pm_———_———_——_——— | fm_————_——_—_—_—_——— |
] ) [} 1 [} ' — } 1 | 1 -
! ! o “ “ B “
m omm,m.\, AHd ilmuv AHd (/022 omm,“_\, AHd ilmuv AHd  \/M022
“ o o : “ L m
_ b Lo ' “ Lo !
m Gezw/| OWN [&—T¥ OV \Gee Gegw/| OWN [&—T¥ OV p/MGez
] “ 1 “ 1 " (=] 1 “ 1 “ o
] ] 1 1 ] 1 % ] 1 1 1 %
“ b b ! = “ Lo ! r
| omm‘_\, o7 Aumlmuv oW (/hogz -2 062y O Aumlmuv U VA - 2
) P N " - 1 [ | —
] 11 | 1 1 1 1
m 5 B AR | Ak
! SeZy/\ doad [&T—» d0ad (\SSEZ SEZy/\ dOad [eT—» d0dd |\SiSEZ
i P by ' i P i
] 11 | 1 1 1! 1
“ b v ' “ Lo i
m cvz{/\ oud |e— ouy  [/herz 0vzy/Y dvas Hea— dvas (/hove
! 1o | i ] Lo '
1 P ! 1 - ) 1! 1 -
1 1 1| ) 1 1! 1
_ Ly to ! “ b i
052¢/Y SYN [ —>  SYN  |/Moge ! | _
! o o ! “ o i
] ! _ P! _ ' ! _ (. - !
| (opgeu“fa) ! | 0re Lo 502 ! | 0re Lo 502 !
m [14E )| 2N m 9PON Nvd ! m an ! m 9PON Nvd ! m an !
|||||||||||||| | S | S | S | S |
€0z YOBIS |090)0id duB|d |04IU0D T0g YoLlS |000]0.d Sue|d 483N

WO 2023/047332

CA 03227593 2024-1-31



PCT/IB2022/058981

00€

3/13

WO 2023/047332

A
\ HOS-1N
O4dvH
A
Gee
Buixsidiyn
VIN \ ixa|diynpy /
A A A A A
Buipuey Aoud / Buinpayos
/ K / } I 7y X X
9HO1d SHO14a | YHOOQ ¢HJ0d IHOOd
I
0ce
14 AY NN _ AV WY WY
A A _ A A A
[
Gee I
AINdd Aunoo Aunda Anoe Aunos
d00d I S /OH 1 S/OH _ 1ndes it S Il S
| Y A
2g4dd q g4d q _ $94S 2d4dS 19HS
I
0¥¢ dvas |
[
[
1 [ G¥e DHYH
[
aue[d-n sued-j

CA 03227593 2024-1-31



PCT/IB2022/058981

WO 2023/047332

4/13

G Ol

f{A3TUTIUT ‘87T ‘ZTTEA ‘9681 ‘08dd ‘pogd

‘gpdy ‘zedd ‘pedd ‘ozad ‘oTdY ‘ziad ‘8dy }dIIVMENNNI

! [ TI-X2pUIDTIUCD-HOD-YN

} IDICHD

(TI-3xodeyiusweansesy 40 ((/TI-BTIJuop-HODIOoINX=W: *T) dZIS) HONINDES
f{AQTUTIUT ‘gZTa¥ ‘ZTT9d ‘96d¥ ‘08dd ‘H9gY

‘8pdx ‘zedd ‘pzad ‘0zgd ‘9TEX ‘ZT9d ‘89d}dIILVEHWNNI

} E0I0HD

TENOILAO {} FONHNDIES

TYNOILAO ONIMIS LAIDO

L Ta-370do¥sBON-HOD-UN
} IONENDHES

LTI-1IodsyjusueIngesu
LTI-XspulbTtjuon-sob-1u
=< PHMIPHOQ@MPC@E@HSmQQE

LTI-3sTT3a0deyyuswaanseau

LTI-TTY3I0odeyaususanseau
=:: [TI-1T10d2YSLaH-T0D-¥N

UOTSUSIXITROTITIDUOU
UOTSUSIXHITeDTAITIJUONSLET
[ TI-130deygsesH-20b-TU

SHI-/ [I-98U0CSaYsSnNIrISI=IINgOYY

¥ Ol

(T-LTZ-PTIUCO-TODIOINKEW * *(0) JYEOIINI

(TI-XOPUINTIUCD-HOO-UN A0 ((LTI-DTIUCO-HOOFOINX=U" *T) HZIS) TONINOHS
{on17}ad IV ARNNE

} EDTOHD

TYNOILAO {} 4oNIN0OIS

TYNOILAO ONIYLS LAIOO

N poeN -- TYNOTIAO LTI-beyzrodeysesi-400-9N

} EONHNDES

=i:! [TI-XSpUIbTIUOD-TOD-UN

LTaI-3sTTboy3I0deygjuswaansesu
L1T-TTvbovuraodeyyiuswoansesu

=:: [Ta-bayariodoyseai-400-IN

UOTSUSIXITEeDITATIDUOU
COHWCOMNMHQOHMﬂHDCOZQMWH
LT1I-bayiiodaysesy-s0b-1U

=:i: sHEI-(TI-3senbsysnielsisIIngouy

CA 03227593 2024-T-3T



PCT/IB2022/058981

WO 2023/047332

5/13

L Ol

00 48)ing OHY
| # uoneinbiuod Joj uodsy J00 |
| |
T m T
ZE= HHGM L == e o) QN
z# uoneinByuod Joj Lodey 300 buolg 1xaN EEw oz Em R 3
\ 2 S i 5 = S o S
\ oo Q) oo Q (gt O meedit O o
h b O o] [0} [ O e O (0]
e (L g 21 (s (L ok (O o
et uolieInbyuod Joj Joday 300 ZME— M = w
o Q il O ik O = O Q
zAaep el er:: sle) @)
e WA e bibth
uoneinbiuod Joj Lodsy 30
P# Uol 1} 1110d8y 300 9 ql b 2) 1l
{
N PoeN --  TYNOILAO
{00GTSW ‘QgLsw ‘pOogsu ‘Qpgsu ‘QgZsw ‘Q0ZsW QGTSW
‘0pTsw ‘grsw ‘pg9sw ‘ggsu ‘gpsw ‘gssw ‘gzsw ‘poTsw) QA IVYAWNNE (TI-TIsWTLpIedsTg-s0b-Iu
N pe@eN -- 'TYNOILAO {o3TT '03TF} QEIVIEWNNE LTI-AaTTogbuTya0deyg-20b-1U
N pe®eN -- 'TYNOI L0
LTI-XOPUIDTIUOD-FOO-UN A0 ((LTI-DTIUCD-FOOFOINXEW  "T) HZIZ) HONANOIAS LTI-3STIoUMSOYO P TIUO —o0b-TU

} "IONANOAS =!! [TI-BTIUCOHBUMSSY-TOD—N

CA 03227593 2024-1-3T



PCT/IB2022/058981

WO 2023/047332

6/13

608

A

T# Wuswbheg

8 Ol

Z# Wuewboegebessspypsaieaipsqn

# wswbagelbessapypaledpaqin

008

'

L# 1uswbagabessapypalesipagin

Z2# luswbag

L# uswbeg

GI8

N# Hodal 300

Z# Lodai 300

| # Wodal 300

obessaw Jafe7ddyiodaygusweinseapy

CA 03227593 2024-1-31



WO 2023/047332

RAN
Node
210

occurs

1. RAN congestion A 915

S 2. QoE Pause—————p

920

930 —

relieves

5. RAN congestion LN 935

CA 03227593 2024-1-31

940 VY—

950 N

<_

<+

6. RRCBufferStatus

Request

7. RRCBufferStatus

Response

8. QoE Resume———p

AppLayer

PCT/TB2022/058981
713
900
UE
UE AS 205 UE AL
905 910

3. AT Command
(QOoE Report #1)
|

4. Stored in UE AS

3. AT Command
(QoE Report #N

4. Stored in UE AS

—>»

— 945

9. Process
the received O 955
QoE reports

10. MeasurementReport

—\" 960

FIG. 9

— 925




PCT/IB2022/058981

WO 2023/047332

8/13

GO0t

o# luswbhagabessapyparenipagin

0L Ol

0001

'

A
Z# Wuswbagabessapaieaipsgin
L# JuswBagabessappalesipagin
o# Juswbheg Z# uswbeg L# Juswbhag
[
I
GLal
010}

¢# lodal 300

¥# 1odal 300

g# uodal 300

abessaw safeTddyiodaygiuaiainseapy

CA 03227593 2024-1-31



WO 2023/047332

PCT/IB2022/058981

9/13
1100
RAN UE
Node UE AS 205 UE AL
210 905 910
I
1. RAN congestion (A 1105
occurs
1115
2. QoE Pause————p
; —— 2. QoE Pausej—b
1110

3. Continue QoE
measurement collection
but store QoE reports

1120 N

4. RAN congestion

) 1125
relieves
5. RRCBufferStatus
11301 Request '
1140 N 7. RRCBufferStatus

Response

_78. QoE Resume———p

6. Buffer Status
Request /Response

1150

8. QoE Resumeé—b

—» N 1135

1155 N

9. Forward stored

QoOE reports

10. AT Command

(QoE Report #1)
|

I
|
10. AT Command

(QoE Report #N)

QoE reports

the received

1145
1160
1165 N 11. Process
12. MeasurementReport

CA 03227593 2024-1-31

AppLayer

—\/" 1170

FIG. 11




CA 03227593 2024-1-31

WO 2023/047332

10/13

PCT/IB2022/058981

User Equipment Apparatus

1200
Processor Memory
1205 1210
Input Device Output Device
1215 1220

Transceiver 1225

I
1230 W 1235

1240 |

1245 |




CA 03227593 2024-1-31

WO 2023/047332

PCT/IB2022/058981

11/13
Network Apparatus
1300
Processor Memory
1305 1310
Input Device Output Device
1315 1320

Transceiver 1325

I
1330 J| W 1335

1340 |

1345 '




WO 2023/047332 PCT/IB2022/058981
12/13

1400

Receive, from a communication network, a first
1405 N message requesting a size of stored QoE
measurement reports in a RRC buffer

:

Determine, by the communication device, the size
1410 N of the stored QoE measurement reports in
response to the first message

:

Transmit, to the communication network, a second
1415 N message including the size of stored QoE
measurement reports in the RRC buffer

!

Receive, from the communication network, a third
1420 N message including a configuration to enable
resumption of QOE measurement reporting

|

Transmit, to the communication network, at least
1425/ one fourth message including at least one QoE
measurement report

End

FIG. 14

CA 03227593 2024-1-31



WO 2023/047332 PCT/IB2022/058981
13/13

1500
Transmit, to a communication device, a first
1505 message to request a size of stored QoE

measurement reports in a RRC buffer of the
communication device

:

Receive, from the communication device, a
1510/ second message including the size of the stored
QoE measurement reports

:

Determine, using the second message, a
configuration to enable resumption of QoE
measurement reporting at the communication
device

!

Transmit, to the communication device, a third
1520 N message including the configuration to enable
resumption of QOE measurement reporting

|

Receive, from the communication device, at least
1525/ one fourth message including at least one QoE
measurement report

1515 N

End

FIG. 15

CA 03227593 2024-1-31



1400

Start FlG 14

Receive, from a communication network, a first
14061 message requesting a size of stored Qok
measurement reparts in 4 RRC buffer

l

Determine, by the communication device, the size
1410 of the stored QoE measurement reports in
response fo the first message

l

Transmit, to the communication network, a second
145 message including the size of stored QoE
measurement reports in the RRC huffer

\

Receive, from the communication network, a third
14200)  message including a configuration to enable
resumption of QoE measurement reporting

l

Transmit, to the communication network, at least
1425/  one fourth message including at least one Qo
measurement report

End



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - CLAIMS
	Page 44 - CLAIMS
	Page 45 - CLAIMS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - REPRESENTATIVE_DRAWING

