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COMMUNICATION OF SCHEDULING ASSISTANCE INFORMATION

BACKGROUND

[0001] The evolution of wireless communication to fifth generation (5G) standards and
technologies provides higher data rates and greater capacity, with improved reliability and lower
latency, which enhances mobile broadband services. 5G technologies also provide new classes of
services for vehicular networking, fixed wireless broadband, and the Internet of Things (IoT).

[0002] The performance of applications running on a user equipment (UE) is susceptible
to variations in the communications link between the UE and a base station. Applications can
react to changes in the communication link, such as adapting the data rate of a codec or changing
a buffer size. These adaptations often rely on historical performance data for the communication
link, assume a wired or otherwise stable communication link, and can be slow to change in light
of quickly-changing wireless communication channels. Thus, there is an opportunity to improve

the performance and responsiveness of applications to variations in wireless communication links.

SUMMARY

[0003] This summary is provided to introduce concepts of communication of scheduling
assistance information. The concepts are further described below in the Detailed Description.
This summary is not intended to identify essential features of the claimed subject matter, nor is it
intended for use in determining the scope of the claimed subject matter.

[0004] In aspects, methods, devices, systems, and means for managing application
performance by a user equipment (UE) describe the user equipment determining to use scheduling
assistance information (S Al) to affect application performance. Based on the determining, the UE
transmits a request for the SAI to a network entity, receives the SAI from the network entity, and
adjusts one or more application parameters based on the received SAL

[0005] In other aspects, methods, devices, systems, and means for providing scheduling

assistance information (SAI) to a user equipment (UE) by a network entity describe the network
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entity receiving a request for the SAI from the UE. In response to the received request, the network
entity generates the SAI and transmits an indication of the generated SAI to the UE, the

transmission assisting the UE to adjust one or more application parameters based on the SAL

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Aspects of communication of scheduling assistance information are described with
reference to the following drawings. The same numbers are used throughout the drawings to
reference like features and components:

FIG. 1 illustrates an example wireless network system in which various aspects of
communication of scheduling assistance information can be implemented.

FIG. 2 illustrates an example device diagram that can implement various aspects
of communication of scheduling assistance information.

FIG. 3 illustrates an example block diagram of a wireless network stack model in
which various aspects of communication of scheduling assistance information can be
implemented.

FIG. 4 illustrates an air interface resource that extends between a user equipment
and a base station and with which various aspects of communication of scheduling

assistance information can be implemented.

FIG. 5 illustrates example data and control transactions between a user equipment,
a base station, and a core network in accordance with aspects of communication of
scheduling assistance information.

FIG. 6 illustrates an example method in accordance with aspects of communication
of scheduling assistance information.

FIG. 7 illustrates an example method in accordance with aspects of communication

of scheduling assistance information.
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DETAILED DESCRIPTION

[0007] With increasingly data- and compute-intensive applications on user devices,
optimizing user experiences can be challenging for application software. These applications can
benefit from data throughput or delay estimations to adapt their behaviors based on link quality.

[0008] To improve the ability of application-layer software running on a user equipment
(UE) to adapt to variations in a wireless communications link between the UE and a base station,
the base station can send scheduling assistance information to the UE. The scheduling assistance
information is scheduling-related and network performance-related information that assists the
UE in managing the performance of applications executing on the UE. The scheduling assistance
information may include any one or more of: available downlink (DL) and/or uplink (UL) air
interface resources that are unassigned, a DL packet delay value, a DL packet jitter value, an UL
interference value, an UL Signal to Interference and Noise Ratio (SINR) value, or the like. The
scheduling assistance information can be associated with a time window (e.g., the next 100
milliseconds). An application on the UE uses the scheduling assistance information to modify
application settings, for example adapting a streaming codec resolution (4K versus 720P),
changing a video frame rate (e.g., 60 fps versus 24.976 fps), selecting an online gaming quality or
bit rate (10 Mbps versus 5 Mbps), shifting from edge or cloud computing to local processing, and
so forth.

[0009] While features and concepts of the described devices, systems, and methods for
communication of scheduling assistance information can be implemented in any number of
different environments, systems, devices, and/or various configurations, aspects of
communication of scheduling assistance information are described in the context of the following

example devices, systems, and configurations.
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Example Environment

[0010] FIG. 1 illustrates an example environment 100 in which various aspects of
communication of scheduling assistance information can be implemented. The example
environment 100 includes a user equipment 110 (UE 110) that communicates with one or more
base stations 120 (illustrated as base stations 121 and 122), through one or more wireless
communication links 130 (wireless link 130), illustrated as wireless links 131 and 132. In this
example, the user equipment 110 is implemented as a smartphone. Although illustrated as a
smartphone, the user equipment 110 may be implemented as any suitable computing or electronic
device, such as a mobile communication device, a modem, cellular phone, gaming device,
navigation device, media device, laptop computer, desktop computer, tablet computer, smart
appliance, or vehicle-based communication system. The base stations 120 (e.g., an Evolved
Universal Terrestrial Radio Access Network Node B, E-UTRAN Node B, evolved Node B,
eNodeB, eNB, Next Generation Node B, gNode B, gNB, ng-eNB, a 6G node B, or the like) may
be implemented in a macrocell, microcell, small cell, picocell, distributed base station, and the
like, or any combination or future evolution thereof.

[0011] The base stations 120 communicate with the user equipment 110 via the wireless
links 131 and 132, which may be implemented as any suitable type of wireless link. The wireless
links 131 and 132 can include a downlink of data and control information communicated from the
base stations 120 to the user equipment 110, an uplink of other data and control information
communicated from the user equipment 110 to the base stations 120, or both. The wireless links
130 may include one or more wireless links or bearers implemented using any suitable
communication protocol or standard, or combination of communication protocols or standards
such as 3rd Generation Partnership Project Long-Term Evolution (3GPP LTE), Fifth Generation
New Radio (5G NR), 6G, and so forth. Multiple wireless links 130 may be aggregated in a carrier
aggregation to provide a higher data rate for the user equipment 110. Multiple wireless links 130

from multiple base stations 120 may be configured for Coordinated Multipoint (CoMP)
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communication with the user equipment 110. Additionally, multiple wireless links 130 may be
configured for single-radio access technology (RAT) (single-RAT) dual connectivity (single-
RAT-DC) or multi-RAT dual connectivity (MR-DC).

[0012] The base stations 120 are collectively a Radio Access Network 140 (RAN, Evolved
Universal Terrestrial Radio Access Network, E-UTRAN, 5G NR RAN or NR RAN). The base
stations 121 and 122 in the RAN 140 are connected to a core network 150, such as a Fifth
Generation Core (5GC) or 6G core network. The base stations 121 and 122 connect, at 102 and
104 respectively, to the core network 150 via an NG2 interface (or a similar 6G interface) for
control-plane signaling and via an NG3 interface (or a similar 6G interface) for user-plane data
communications. In addition to connections to core networks, base stations 120 may communicate
with each other via an Xn Application Protocol (XnAP), at 112, to exchange user-plane and
control-plane data. The user equipment 110 may also connect, via the core network 150, to public

networks, such as the Internet 160 to interact with a remote service 170.

Example Devices

[0013] FIG. 2 illustrates an example device diagram 200 of the user equipment 110, the
base stations 120, and a core network server 280. The user equipment 110 and the base stations
120 may include additional functions and interfaces that are omitted from FIG. 2 for the sake of
clarity. The user equipment 110 includes antennas 202, a radio frequency front end 204 (RF front
end 204), an LTE transceiver 206, a 5G NR transceiver 208, and a 6G transceiver 210 for
communicating with base stations 120 in the RAN 140. The RF front end 204 of the user
equipment 110 can couple or connect the LTE transceiver 206, the 5G NR transceiver 208, and
the 6G transceiver 210 to the antennas 202 to facilitate various types of wireless communication.
The antennas 202 of the user equipment 110 may include an array of multiple antennas that are
configured similarly to or differently from each other. The antennas 202 and the RF front end 204

can be tuned to, and/or be tunable to, one or more frequency bands defined by the 3GPP LTE,
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5GNR, and 6G communication standards and implemented by the LTE transceiver 206, the
5G NR transceiver 208, and/or the 6G transceiver 210. Additionally, the antennas 202, the RF
front end 204, the LTE transceiver 206, the 5G NR transceiver 208, and/or the 6G transceiver 210
may be configured to support beamforming for the transmission and reception of communications
with the base stations 120. By way of example and not limitation, the antennas 202 and the RF
front end 204 can be implemented for operation in sub-gigahertz bands, sub-6 GHz bands, and/or
above 6 GHz bands that are defined by the 3GPP LTE, 5G NR, and 6G communication standards.

[0014] The user equipment 110 also includes processor(s) 212 and computer-readable
storage media 214 (CRM 214). The processor 212 may be a single core processor or a multiple
core processor composed of a variety of materials, such as silicon, polysilicon, high-K dielectric,
copper, and so on. The computer-readable storage media described herein excludes propagating
signals. CRM 214 may include any suitable memory or storage device such as random-access
memory (RAM), static RAM (SRAM), dynamic RAM (DRAM), non-volatile RAM (NVRAM),
read-only memory (ROM), or Flash memory useable to store device data 216 of the user
equipment 110. The device data 216 includes user data, multimedia data, beamforming
codebooks, applications, and/or an operating system of the user equipment 110, which are
executable by processor(s) 212 to enable user-plane communication, control-plane signaling, and
user interaction with the user equipment 110.

[0015] In some implementations, the CRM 214 may also include an application manager
218. The application manager 218 can communicate with the antennas 202, the RF front end 204,
the LTE transceiver 206, the 5G NR transceiver 208, and/or the 6G transceiver 210 to monitor the
quality of the wireless communication links 130. Based on this monitoring and scheduling
assistance information, the application manager 218 can determine to adjust application-related
parameters of applications running on the UE 110. In one option, the application manager 218

may be included in the operating system of the UE 110.
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[0016] The device diagram for the base stations 120, shown in FIG. 2, includes a single
network node (e.g., a gNode B). The functionality of the base stations 120 may be distributed
across multiple network nodes or devices and may be distributed in any fashion suitable to perform
the functions described herein. The nomenclature for this split base station functionality varies
and includes terms such Central Unit (CU), Distributed Unit (DU), Baseband Unit (BBU), Remote
Radio Head (RRH), and/or Remote Radio Unit (RRU). The base stations 120 include antennas
252, aradio frequency front end 254 (RF front end 254), one or more LTE transceivers 256, one
or more 5G NR transceivers 258, and/or one or more 6G transceivers 260 for communicating with
the UE 110. The RF front end 254 of the base stations 120 can couple or connect the LTE
transceivers 256, the 5G NR transceivers 258, and/or the 6G transceivers 260 to the antennas 252
to facilitate various types of wireless communication. The antennas 252 of the base stations 120
may include an array of multiple antennas that are configured similarly to or differently from each
other. The antennas 252 and the RF front end 254 can be tuned to, and/or be tunable to, one or
more frequency band defined by the 3GPP LTE, 5G NR, and 6G communication standards, and
implemented by the LTE transceivers 256, one or more 5G NR transceivers 258, and/or one or
more 6G transceivers 260. Additionally, the antennas 252, the RF front end 254, the LTE
transceivers 256, one or more 5G NR transceivers 258, and/or one or more 6G transceivers 260
may be configured to support beamforming, such as Massive-MIMO, for the transmission and
reception of communications with the UE 110.

[0017] The base stations 120 also include processor(s) 262 and computer-readable storage
media 264 (CRM 264). The processor 262 may be a single core processor or a multiple core
processor composed of a variety of materials, such as silicon, polysilicon, high-K dielectric,
copper, and so on. CRM 264 may include any suitable memory or storage device such as random-
access memory (RAM), static RAM (SRAM), dynamic RAM (DRAM), non-volatile RAM
(NVRAM), read-only memory (ROM), or Flash memory useable to store device data 266 of the

base stations 120. The device data 266 includes network scheduling data, radio resource
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management data, beamforming codebooks, applications, and/or an operating system of the base
stations 120, which are executable by processor(s) 262 to enable communication with the user
equipment 110.

[0018] CRM 264 also includes a base station scheduler 268. Alternately or additionally,
the base station manager 268 may be implemented in whole or part as hardware logic or circuitry
integrated with or separate from other components of the base stations 120. In at least some
aspects, the base station manager 268 configures the LTE transceivers 256, the 5GNR
transceivers 258, and the 6G transceiver(s) 260 for communication with the user equipment 110,
as well as communication with a core network, such as the core network 150, and routing user-
plane and control-plane data for joint communication. Additionally, the base station scheduler
268 may allocate air interface resources, schedule communications, and determine future
availability of air interface resources for the UE 110.

[0019] The base stations 120 include an inter-base station interface 270, such as an Xn
and/or X2 interface, which the base station manager 268 configures to exchange user-plane and
control-plane data between other base stations 120, to manage the communication of the base
stations 120 with the user equipment 110. The base stations 120 include a core network interface
272 that the base station manager 268 configures to exchange user-plane and control-plane data
with core network functions and/or entities.

[0020] The core network server 280 may provide all or part of a function, entity, service,
and/or gateway in the core network 150. Each function, entity, service, and/or gateway in the core
network 150 may be provided as a service in the core network 150, distributed across multiple
servers, or embodied on a dedicated server. For example, the core network server 280 may provide
all or a portion of the services or functions of a User Plane Function (UPF), a Session Management
Function (SMF), or an Access and Mobility Function (AMF). The core network server 280 is
illustrated as being embodied on a single server that includes processor(s) 282 and computer-

readable storage media 284 (CRM 284). The processor 282 may be a single core processor or a
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multiple core processor composed of a variety of materials, such as silicon, polysilicon, high-K
dielectric, copper, and so on. CRM 284 may include any suitable memory or storage device such
as random-access memory (RAM), static RAM (SRAM), dynamic RAM (DRAM), non-volatile
RAM (NVRAM), read-only memory (ROM), hard disk drives, or Flash memory useful to store
device data 286 of the core network server 280. The device data 286 includes data to support a
core network function or entity, and/or an operating system of the core network server 280, which
are executable by processor(s) 282.

[0021] CRM 284 also includes one or more core network applications 288, which, in one
implementation, is embodied on CRM 284 (as shown). The one or more core network applications
288 may implement the functionality of a User Plane Function (UPF), a Session Management
Function (SMF), or an Access and Mobility Function (AMF). Alternately or additionally, the one
or more core network applications 288 may be implemented in whole or part as hardware logic or
circuitry integrated with or separate from other components of the core network server 280. The
core network server 280 also includes a core network interface 290 for communication of user-
plane and control-plane data with the other functions or entities in the core network 150 or base

stations 120 using any of the network interfaces described herein.

User Plane and Control Plane Signaling

[0022] FIG. 3 illustrates an example block diagram 300 of a wireless network stack model
300 (stack 300, network stack 300). Thenetwork stack 300 characterizes a communication system
for the example environment 100, in which various aspects of communication of scheduling
assistance information can be implemented. The network stack 300 includes a user plane 302 and
a control plane 304. Upper layers of the user plane 302 and the control plane 304 share common
lower layers in the network stack 300. Wireless devices, such as the UE 110 or the base station

120, implement each layer as an entity for communication with another device using the protocols
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defined for the layer. For example, a UE 110 uses a Packet Data Convergence Protocol (PDCP)
entity to communicate to a peer PDCP entity in a base station 120 using the PDCP.

[0023] The shared lower layers include a physical (PHY) layer 306, a Media Access
Control (MAC) layer 308, a Radio Link Control (RLC) layer 310, and a PDCP layer 312. The
PHY layer 306 provides hardware specifications for devices that communicate with each other.
As such, the PHY layer 306 establishes how devices connect to each other, assists in managing
how communication resources are shared among devices, and the like.

[0024] The MAC layer 308 specifies how data is transferred between devices. Generally,
the MAC layer 308 provides a way in which data packets being transmitted are encoded and
decoded into bits as part of a transmission protocol.

[0025] The RLC layer 310 provides data transfer services to higher layers in the network
stack 300. Generally, the RLC layer 310 provides error correction, packet segmentation and
reassembly, and management of data transfers in various modes, such as acknowledged,
unacknowledged, or transparent modes.

[0026] The PDCP layer 312 provides data transfer services to higher layers in the network
stack 300. Generally, the PDCP layer 312 provides transfer of user plane 302 and control plane
304 data, header compression, ciphering, and integrity protection.

[0027] Above the PDCP layer 312, the stack splits into the user-plane 302 and the control-
plane 304. Layers of the user plane 302 include an optional Service Data Adaptation Protocol
(SDAP) layer 314, an Intemet Protocol (IP) layer 316, a Transmission Control Protocol/User
Datagram Protocol (TCP/UDP) layer 318, and an application layer 320, which transfers data using
the wireless link 106. The optional SDAP layer 314 is present in 5G NR networks. The SDAP
layer 314 maps a Quality of Service (QoS) flow for each data radio bearer and marks QoS flow
identifiers in uplink and downlink data packets for each packet data session. The IP layer 316
specifies how the data from the application layer 320 is transferred to a destination node. The

TCP/UDP layer 318 verifies that data packets intended to be transferred to the destination node

10
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reached the destination node, using either TCP or UDP for data transfers by the application layer
320. In some implementations, the user plane 302 may also include a data services layer (not
shown) that provides data transport services to transport application data, such as IP packets
including web browsing content, video content, image content, audio content, or social media
content.

[0028] The control plane 304 includes a Radio Resource Control (RRC) layer 324 and a
Non-Access Stratum (NAS) layer 326. The RRC layer 324 establishes and releases connections
and radio bearers, broadcasts system information, or performs power control. The RRC layer 324
also controls a resource control state of the UE 110 and causes the UE 110 to perform operations
according to the resource control state. Example resource control states include a connected state
(e.g., an RRC connected state) or a disconnected state, such as an inactive state (e.g., an RRC
inactive state) or an idle state (e.g., an RRC idle state). In general, ifthe UE 110 is in the connected
state, the connection with the base station 120 is active. In the inactive state, the connection with
the base station 120 is suspended. If the UE 110 is in the idle state, the connection with the base
station 120 is released. Generally, the RRC layer 324 supports 3GPP access but does not support
non-3GPP access (e.g., WLAN communications).

[0029] The NAS layer 326 provides support for mobility management (e.g., using a Fifth-
Generation Mobility Management (5GMM) layer 328) and packet data bearer contexts (e.g., using
a Fifth-Generation Session Management (5GSM) layer 330) between the UE 110 and entities or
functions in the core network, such as the Access and Mobility Management Function 152 (AMF
152) of the SGC 150 or the like. The NAS layer 326 supports both 3GPP access and non-3GPP
access.

[0030] In the UE 110, each layer in both the user plane 302 and the control plane 304 of
the network stack 300 interacts with a corresponding peer layer or entity in the base station 120,
a core network entity or function, and/or a remote service, to support user applications and control

operation of the UE 110 in the RAN 140.

11
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Air Interface Resources

[0031] FIG. 4 illustrates an air interface resource that extends between a user equipment
and a base station and with which various aspects of communication of scheduling assistance
information can be implemented. The air interface resource 402 can be divided into resource units
404, each of which occupies some intersection of frequency spectrum and elapsed time. A portion
of the air interface resource 402 is illustrated graphically in a grid or matrix having multiple
resource blocks 410, including example resource blocks 411, 412, 413, 414. An example of a
resource unit 404 therefore includes at least one resource block 410. As shown, time is depicted
along the horizontal dimension as the abscissa axis, and frequency is depicted along the vertical
dimension as the ordinate axis. The air interface resource 402, as defined by a given
communication protocol or standard, may span any suitable specified frequency range, and/or may
be divided into intervals of any specified duration. Increments of time can correspond to, for
example, milliseconds (ms). Increments of frequency can correspond to, for example, megahertz
(MHz).

[0032] In example operations generally, the base stations 120 allocate portions (e.g.,
resource units 404) of the air interface resource 402 for uplink and downlink communications.
Each resource block 410 of network access resources may be allocated to support respective
wireless communication links 130 of multiple user equipment 110. In the lower left corner of the
grid, the resource block 411 may span, as defined by a given communication protocol, a specified
frequency range 406 and includes multiple subcarriers or frequency sub-bands. The resource
block 411 may include any suitable number of subcarriers (e.g., 12) that each correspond to a
respective portion (e.g., 15 kHz) of the specified frequency range 406 (e.g., 180 kHz). The
resource block 411 may also span, as defined by the given communication protocol, a specified
time interval 408 or time slot (e.g., lasting approximately one-half millisecond or 7 orthogonal

frequency-division multiplexing (OFDM) symbols). The time interval 408 includes subintervals

12



WO 2022/098529 PCT/US2021/056447

that may each correspond to a symbol, such as an OFDM symbol. As shown in FIG. 4, each
resource block 410 may include multiple resource elements 420 (REs) that correspond to, or are
defined by, a subcarrier of the frequency range 406 and a subinterval (or symbol) of the time
interval 408. Alternatively, a given resource element 420 may span more than one frequency
subcarrier or symbol. Thus, a resource unit 404 may include at least one resource block 410, at

least one resource element 420, and so forth.

Communication of Scheduling Assistance Information

[0033] In one aspect, the base station 121 sends an indication of available air interface
resources that are available (e.g., unassigned resource blocks 410) over a future period of time
(e.g., the upcoming ten seconds, an upcoming number of frames or time slots) to the UE 110. The
indication of available air interface resources is dynamically calculated, unlike static predictive
estimates provided in carrier aggregation (CA) or dual connectivity (DC).

[0034] The base station scheduler 268 determines when air interface resources (e.g.,
resource blocks 410 or resource elements 420) are available. These air interface resources can be
Physical Downlink Shared Channel (PDSCH) or Physical Uplink Shared Channel (PUSCH)
resource blocks or resource elements that are not currently assigned to any particular UE. The
base station 121 can communicate the indication of the available DL and UL resources in separate
messages or in a single message to the UE 110. Altematively and optionally, the base station 121
can broadcast the indication of the available DL and UL resources. In a further option or
alternative, the base station 121 can prioritize individually communicating the indication of the
available DL and UL resources based on the history of individual UEs 110, data quotas or data
throttling for a UE 110, a contracted Quality of Service (QoS) level purchased by a user, or the
like.

[0035] In one option, the base station scheduler 268 can compute the available future air

interface resources amount using averaging (e.g., a moving average) of previously assigned
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resources, for example by using a low-pass filter (e.g., the low-pass filter averages the last 100
time slots to calculate a resource block utilization). The base station 121 can provide the low-pass
filter coefficients to the UE 110 to aid the UE 110 in interpreting the indication of the available
future air interface resources. Altematively, the UE 110 can request a low-pass filter time constant
in the request for the scheduling assistance information, as discussed below.

[0036] In another option, the base station 121 can predict the future resource utilization
based on one or more parameters, such as a time of day, traffic patterns of other UEs, or other
situational information. For example, the base station 121 can determine the available air interface
resource information based on current (instantaneous or non-instantaneous) load (air interface
resource utilization) information of the base station 121. The base station 121 can send the
predicted load information associated with a predicted time window (e.g., the next 10 seconds) to
the UE 110, based on the time of day, traffic patterns of other UEs, historical statistics, and/or
other situational information (e.g., out-of-band information such as a current large capacity event
(sports, music, conference) in the cell provided by the base station 121).

[0037] To adapt application layer parameters using this information (e.g., resolution,
frame rate, buffer size, computation offloading, and so forth), the UE 110 computes the average
DL throughput based on a current DL Channel Quality Indicator (CQI) and/or a current
Modulation and Coding Scheme (MCS), a currently used number of DL resource blocks 410 (or
resource elements 420), and the indication of the available future DL air interface resources
received from the base station 121. The UE 110 computes the estimated UL throughput based on
a currently used number of UL resource blocks 410 (or resource elements 420), the indication of
the available future UL air interface resources received from the base station 121, and the available
power headroom.

[0038] In another aspect, the base station 121 sends an UL SINR or UL interference
information to the UE 110. The UE 110 can use the UL interference information to compute the

expected UL SINR at base station 121. For example, the UE 110 uses a current UL transmit power
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of the UE, a path loss estimate, and the UL SINR or UL interference information from the base
station 121 to compute an expected UL SINR at the base station 121. The UE 110 uses this UL
SINR calculation to estimate the achievable UL data throughput so that the UE 110 can adapt
application parameters using this information (e.g., codec resolution, video quality, buffer size,
and so forth).

[0039] In a further aspect, a network entity (the base station 121 and/or the core network
150) sends DL queueing delay and/or jitter information to the UE 110. The base station 121 can
send the DL queueing delay and/or jitter information to the UE 110 on a per-radio-bearer basis
(sending the DL queueing delay and/or jitter information for each radio bearer). The DL queueing
delay and/or jitter information can be characterized by the percentile (e.g., such as 50th percentile,
95th percentile, and so forth) of DL queueing delay and/or jitter information or characterized by
a 5G Quality of Service (QoS) class (5QI). The UE 110 uses this DL queueing delay and/or jitter
information to adapt a buffer size for an application or adjust the computing on the UE 110 (e.g.,
using a local graphics processing unit to perform rendering as opposed to using a cloud or edge
server that might offer better rendering performance).

[0040] The core network 150 can also send the DL queueing delay and/or jitter
information to the UE 110. The core network 150 can send the DL queueing delay and/or jitter
information on a per-QoS-flow basis (sending the DL queueing delay and/or jitter information for
each QoS flow). The DL queueing delay and/or jitter information can be estimated by the User
Plane Function (UPF) in the core network 150 and communicated to the UE 110 in NAS layer
326 messages using the Session Management Function (SMF) and/or the Access and Mobility
Function (AMF) of the core network 150.

[0041] In an additional aspect, the base station 121 configures the scheduling assistance
information for transmission to the UE 110. The UE 110 can request the scheduling assistance
information by transmitting an RRC message to the base station 121. After the base station 121

grants the request from the UE 110 for the scheduling assistance information, the base station 121
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periodically transmits the scheduling assistance information to the UE 110. Additionally or
optionally, the UE 110 can include a desired periodicity in the RRC message requesting the
scheduling assistance information. Additionally or optionally, the UE 110 can send threshold
information to the base station 121 that directs the base station 121 to only update the scheduling
assistance information if the requested data (such as a number of available future resource blocks
410) is above a threshold value or within a range of values.

[0042] In other aspects, the UE 110 can adjust application settings based on the lower
layer metrics. For example, the UE 110 can adjust a video-streaming codec resolution or a
streaming buffer time based on the DL scheduling assistance information provided by the base
station 121. In another example, the UE 110 can adjust video call quality based on UL scheduling
assistant information. In a further example, the UE 110 can adjust application settings based on
the queueing delay and/or jitter information provided by the core network 150. If the latency is
low (below a first threshold set at the application), then the UE 110 application may request to
perform graphics processing at a cloud service or an edge computing service. If the latency is
high (above a second threshold set at the application), then the UE 110 can opt for more local
processing as opposed to offloading the processing to the cloud service or the edge computing
service.

[0043] FIG. 5 illustrates example data and control transactions between the UE 110, the
base station 120, and the core network 150 in accordance with aspects of communication of
scheduling assistance information. Although not illustrated for the sake of illustration clarity,
various acknowledgements for messages illustrated in FIG. 5 may be implemented to ensure
reliable operations of communication of scheduling assistance information.

[0044] At 505, the UE 110 requests scheduling assistance information from the base
station 120. For example, the UE 110 transmits an RRC message requesting scheduling assistance
information. The request may include requested parameters for the scheduling assistance

information, for example a periodicity for receiving the scheduling assistance information, what
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information to include in the scheduling assistance information, a low-pass filter time constant to
calculate a moving average of available air interface resources, and so forth.

[0045] Optionally at 510, the base station 120 forwards the request for the scheduling
assistance information to the core network 150 for scheduling information that is available only
from the core network. For example, if the UE 110 only requests available air interface resources,
step 510, 515, and 540 are optional. To obtain aspects of the scheduling assistance information,
such as DL queueing delay and/or jitter information, the forwarded request directs the UPF to
provide scheduling assistance information for the UE 110.

[0046] At 515, the core network 150 provides scheduling assistance information for the
UE 110 to the base station 120. At 520, the base station 120 transmits scheduling assistance
information to the UE 110. The transmitted scheduling assistance information includes
scheduling assistance information generated by the base station 120 and/or scheduling assistance
information received from the core network 150.

[0047] At 525, the UE 110 uses the received scheduling assistance information to adjust
application settings or application layer parameters to adapt to current network and wireless link
conditions. For example, the UE 110 may adjust codec data rates, adjust a buffer size, determine
to use local, edge, or cloud-based computing, and so forth.

[0048] At 530, the UE 110 determines whether to continue using the scheduling assistance
information. For example, the UE 110 periodically receives scheduling assistance information.
At some point, a user stops using an application (e.g., streaming media, video calling, online
gaming, etc.) that benefits from the scheduling assistance, and the UE 110 decides to either
continue using the periodically received scheduling assistance or terminate reception of the
scheduling assistance information.

[0049] At 535, based on the UE 110 deciding to terminate the reception of scheduling
assistance information, the UE 110 transmits an RRC message to the base station 120 that directs

the base station 120 to terminate providing scheduling assistance information to the UE 110.

17



WO 2022/098529 PCT/US2021/056447

Based on receiving the RRC termination message at 535, the base station 120, at 540, forwards
the request to terminate the reception of scheduling assistance information to the core network
150, directing the core network 150 to discontinue providing scheduling assistance information to

the UE 110.

Example Methods

[0050] Example methods 600 and 700 are described with reference to FIGs. 6 and 7 in
accordance with one or more aspects of communication of scheduling assistance information.
FIG. 6 illustrates example method(s) 600 of communication of scheduling assistance information
as generally related to the user equipment 110.

[0051] At block 602, a user equipment determines to use scheduling assistance
information (S AI) to affect application performance. For example, a user equipment (e.g., the UE
110) or an application at an application layer (e.g., the application layer 320) determines that
scheduling assistance information can be used to adapt an application layer behavior, such as
optimizing a streaming video frame rate or a buffer size based on the scheduling assistance
information.

[0052] At block 604, based on the determination to use the scheduling assistance
information, the UE transmits a request for the SAI to a network entity. For example, the UE 110
transmits an RRC message requesting scheduling assistance information to a base station (e.g.,
the base station 120) or via the base station 120 to a core network (e.g., the core network 150)
function, such as a User Plane Function, Session Management Function, or an Access and
Mobility Function. The request may include requested parameters for the scheduling assistance
information: for example, a periodicity for receiving the scheduling assistance information, what
information to include in the scheduling assistance information, and so forth.

[0053] At block 606, the UE receives the SAI from the network entity. For example, the

UE 110 receives scheduling assistance information generated by the base station 120 and/or
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scheduling assistance information generated by the core network 150 and received via the base
station 120.

[0054] At block 608, the user equipment adjusts one or more application parameters based
on the received SAIL. For example, the UE 110 uses the received scheduling assistance information
to adjust application or application layer parameters to adapt to current network and wireless link
conditions. For example, the UE 110 may adjust codec data rates, adjust a buffer size, determine
to use local, edge, or cloud-based computing, or the like.

[0055] FIG. 7 illustrates example method(s) 700 of communication of scheduling
assistance information as generally related to a network entity (the base station 120 or a function
in the core network 150). At block 702, a network entity receives a request for scheduling
assistance information (SAI) from a UE. For example, the network entity (e.g., the base station
120 or a core network 150 function) receives a request for scheduling assistance information from
a UE (e.g., the UE 110) in an RRC message.

[0056] At block 704, in response to the received request, the network entity generates the
scheduling assistance information. For example, in response to the received request, the base
station 120 and/or a core network 150 function generate scheduling information, such as available
air interface resources that are available over a future period of time, an uplink SINR, UL
interference information, a packet delay, and/or jitter.

[0057] At block 706, the network entity transmits an indication of the generated the SAI
to the UE, the transmission assisting the UE to adjust one or more application parameters based
on the SAI For example, the base station 120 (or a core network 150 function via the base station
120) transmits an indication of the SAI to the UE 110. The UE 110 uses the SAI to adjust
application or application layer parameters such as codec data rates, a buffer size, the use of local,
edge, or cloud-based computing, or the like.

[0058] The order in which the method blocks of methods 600 and 700 are described are

not intended to be construed as a limitation, and any number of the described method blocks can
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be skipped or combined in any order to implement a method or an alternate method. Generally,
any of the components, modules, methods, and operations described herein can be implemented
using software, firmware, hardware (e.g., fixed logic circuitry), manual processing, or any
combination thereof. Some operations of the example methods may be described in the general
context of executable instructions stored on computer-readable storage memory that is local and/or
remote to a computer processing system, and implementations can include software applications,
programs, functions, and the like. Alternatively or in addition, any of the functionality described
herein can be performed, at least in part, by one or more hardware logic components, such as, and
without limitation, Field-programmable Gate Arrays (FPGAs), Application-specific Integrated
Circuits (ASICs), Application-specific Standard Products (ASSPs), System-on-a-chip systems
(S80Cs), Complex Programmable Logic Devices (CPLDs), and the like.
[0059] In the following text some examples are described:

Example 1: A method for managing application performance by a user equipment, UE, the
method comprising the user equipment:

determining to use scheduling assistance information, SAI, to affect application
performance;

based on the determining, transmitting a request for the SAI to a network entity; and

receiving the SAI from the network entity.

Example 2:  The method of example 1, wherein the network entity comprises a base station, and
wherein the receiving the SAI comprises:
receiving an indication of available air interface resources that are available over a future

period of time.

Example 3:  The method of example 2, wherein the receiving the indication of the available air

interface resources that are available over the future period of time comprises:
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receiving an indication of an amount of available Physical Downlink Shared Channel,

PDSCH, air interface resources over the future period of time.

Example 4:  The method of example 3, the method further comprising the user equipment;
computing an average downlink throughput based on the received indication of the amount

of available PDSCH air interface resources and one or more of a current downlink Channel Quality

Indicator, CQI, a current Modulation and Coding Scheme, MCS, or a currently used number of

downlink resource blocks.

Example 5:  The method of any one of examples 2 to 4, wherein the receiving the indication of
the available air interface resources that are available over the future period of time comprises:
receiving an indication of an amount of available Physical Uplink Shared Channel,

PUSCH, air interface resources that are available over the future period of time.

Example 6:  The method of example 5, the method further comprising the user equipment;
computing an average uplink throughput based on the received indication of the amount
of available PUSCH air interface resources and one or more of an available power headroom or a

currently used number of uplink resource blocks.

Example 7. The method of any one of the preceding examples, wherein the network entity
comprises a base station, and wherein the receiving the SAI comprises:
receiving an indication of an uplink Signal to Interference and Noise Ratio, SINR, of the
UE from the base station.
Example 8:  The method of example 7, the method further comprising the user equipment;
computing an average uplink throughput based on the received indication of the uplink

SINR and one or more of: a current uplink transmit power of the UE; or a path loss estimate.
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Example 9:  The method of any one of the preceding examples, wherein the receiving the SAI
comprises:

receiving an indication of a delay parameter for downlink data.

Example 10: The method of example 9, wherein the delay parameter is a queueing delay or a

jitter.

Example 11: The method of example 9 or example 10, wherein the receiving the SAI comprises:
receiving the SAI on a per-radio-bearer basis; or

receiving the SAI on a per-QoS-flow basis.

Example 12: The method of any one of examples 9 to 11, wherein the network entity is:

a base station;

a User Plane Function, UPF, of a core network;

a Session Management Function, SMF, of the core network; or

an Access and Mobility Function, AMF, of the core network.
Example 13: The method of any one of the preceding examples, the method further comprising
the user equipment:

adjusting one or more application parameters based on the received SAIL

Example 14: The method of example 13, wherein adjusting application parameters based on the
received SAI, comprises the UE:

adjusting one or more settings of a codec;

adjusting a buffer size; or

adjusting application processing offloading.
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Example 15: The method of example 14, wherein the adjusting one or more settings of the codec
comprises one or more of:

adjusting a codec resolution;

adjusting a codec frame rate; or

adjusting a codec bit rate.

Example 16: The method of example 14, wherein the adjusting the location for application
processing comprises one or more of’

adjusting an amount of processing performed at the UE;

adjusting an amount of processing performed at an edge computing service; or

adjusting an amount of processing performed at a cloud-based computing service.

Example 17: The method of any one of the preceding examples, wherein the receiving the SAI
from the network entity comprises:
receiving the SAI in a Radio Resource Control, RRC, message or a Non-Access Stratum,

NAS, message.

Example 18: A user equipment comprising:
a wireless transceiver;
a processor; and
instructions for an application manager that are executable by the processor to configure

the user equipment to perform any one of methods 1to 17.

Example 19: A method for providing scheduling assistance information, SAI, to a user

equipment, UE, by a network entity, the method comprising the network entity:
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receiving a request for the SAI from the UE;
in response to the received request, generating the SAI; and
transmitting an indication of the generated SAI to the UE, the transmitting assisting the

UE to adjust one or more application parameters based on the SAIL

Example 20: The method of example 19, wherein the network entity is a base station, and
wherein the generating the SAI comprises:

determining available air interface resources that are available over a future period of time.

Example 21: The method of example 20, wherein the determining the available air interface
resources that are available over the future period of time comprises one or more of:

determining available Physical Downlink Shared Channel, PDSCH, air interface resources
that are available over the future period of time; or

determining available Physical Uplink Shared Channel, PUSCH, air interface resources

that are available over the future period of time.

Example 22: The method of example 20 or example 21, wherein the determining the available
air interface resources that are available over the future period of time comprises:

determining an average of available resources over a time period.

Example 23: The method of example 22, wherein the determining the average of available

resources over the time period comprises:

determining a moving average.

Example 24: The method of example 23, wherein the determining the moving average

comprises:
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determining a moving average with a low-pass filter.

Example 25: The method of example 24, further comprising the base station:
receiving, from the UE, a request for a low-pass-filter time constant for the low-pass filter;
or

transmitting low-pass filter coefficients to the UE.

Example 26: The method of any one of examples 20 to 25, wherein the determining the available
air interface resources that are available over the future period of time comprises:
determining the available air interface resources based on one or more of:
a time of day;
traffic pattems of other UEs in a cell provided by the base station;
historical statistics; or

a current air interface resource utilization in the cell provided by the base station.

Example 27: The method of any one of examples 19 to 26, wherein the network entity is a base
station;
wherein the generating the SAI comprises:
measuring an uplink Signal to Interference and Noise Ratio, SINR, of the UE or
determining uplink interference information; and
wherein the transmitting the generated indication of the SAI to the UE comprises:
transmitting the measured uplink SINR or the determined uplink interference

information to the UE.

Example 28: The method of any one of examples 19 to 27, wherein the generating the SAI

comprises:
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generating an indication of a delay parameter for downlink data.

Example 29: The method of example 28, wherein the delay parameter comprises a queueing

delay or ajitter.

Example 30: The method of example 28 or example 29, wherein the generating the SAI
comprises:
generating the SAI on a per-radio-bearer basis; or

generating the SAI on a per-QoS-flow basis.

Example 31: The method of any one of examples 28 to 30, wherein the network entity is:
a base station;
a User Plane Function, UPF, of a core network;
a Session Management Function, SMF, of the core network; or

an Access and Mobility Function, AMF, of the core network.

Example 32: The method of any one of examples 19 to 31, wherein the transmitting the
generated indication of the SAI to the UE comprises:
transmitting the generated indication of the SAI in a Radio Resource Control, RRC,

message or a Non-Access Stratum, NAS, message.

Example 33: A network entity comprising:
a core network interface;
a processor; and
instructions for a scheduling manager that are executable by the processor to configure the

network entity to perform any one of methods 19 to 32.
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Example 34: A computer-readable medium comprising instructions that, when executed by a
processor, cause an apparatus comprising the processor to perform any of the methods of examples
1to 17 or 19 to 32.

[0060] Although aspects of communication of scheduling assistance information have
been described in language specific to features and/or methods, the subject of the appended claims
is not necessarily limited to the specific features or methods described. Rather, the specific
features and methods are disclosed as example implementations of communication of scheduling
assistance information, and other equivalent features and methods are intended to be within the
scope of the appended claims. Further, various different aspects are described, and it is to be
appreciated that each described aspect can be implemented independently or in connection with

one or more other described aspects.

27



WO 2022/098529 PCT/US2021/056447

CLAIMS
1. A method for managing application performance by a user equipment, UE, the
method comprising the user equipment:
transmitting a request for scheduling assistance information, SAI, to a network entity;
receiving the SAI from the network entity; and

adjusting one or more application parameters based on the received SAIL

2, The method of claim 1, wherein the network entity comprises a base station, and
wherein the receiving the SAI comprises:
receiving an indication of available air interface resources that are available over a future
period of time, wherein the indication of the available air interface resources that are available
over a future period of time includes one or more of:
an indication of an amount of available Physical Downlink Shared Channel,
PDSCH, air interface resources over the future period of time; or
an indication of an amount of available Physical Uplink Shared Channel, PUSCH,

air interface resources that are available over the future period of time.

3. The method of claim 1 or claim 2, wherein the network entity comprises a base
station, and wherein the receiving the SAI comprises:

receiving an indication of an uplink Signal to Interference and Noise Ratio, SINR, of the
UE from the base station; and

computing an average uplink throughput based on the received indication of the uplink

SINR and one or more of: a current uplink transmit power of the UE; or a path loss estimate.
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4, The method of any one of the preceding claims, wherein the receiving the SAI
comprises:
receiving an indication of a delay parameter for downlink data, wherein the delay

parameter comprises a queueing delay or a jitter.

5. The method of claim 4, wherein the receiving the SAI comprises:
receiving the SAI on a per-radio-bearer basis; or

receiving the SAI on a per-QoS-flow basis.

6. The method of claim 4 or claim 5, wherein the network entity is:
a base station;

a User Plane Function, UPF, of a core network;

a Session Management Function, SMF, of the core network; or

an Access and Mobility Function, AMF, of the core network.

7. The method of any one or the preceding claims, wherein adjusting application
parameters based on the received SAI, comprises the UE:

adjusting one or more settings of a codec;

adjusting a buffer size; or

adjusting application processing offloading.

8. The method of claim 7, wherein the adjusting one or more settings of the codec
comprises one or more of:

adjusting a codec resolution;

adjusting a codec frame rate; or

adjusting a codec bit rate.
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9. The method of claim 7, wherein the adjusting the application processing offloading
comprises one or more of:

adjusting an amount of processing performed at the UE;

adjusting an amount of processing performed by an edge computing service; or

adjusting an amount of processing performed by a cloud-based computing service.

10. A user equipment comprising:

a wireless transceiver;

a processor; and

instructions for an application manager that are executable by the processor to configure

the user equipment to perform any one of methods 1 to 9.

11. A method for providing scheduling assistance information, SAI, to a user
equipment, UE, by a network entity, the method comprising the network entity:

receiving a request for the SAI from the UE;

in response to the received request, generating the SAI; and

transmitting an indication of the generated SAI to the UE, the transmitting assisting the

UE to adjust one or more application parameters based on the SAIL
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12.  The method of claim 11, wherein the network entity is a base station, and wherein
the generating the SAI comprises:
determining available air interface resources that are available over a future period of time,
wherein the available air interface resources that are available over the future period of time
comprises one or more of:
available Physical Downlink Shared Channel, PDSCH, air interface resources that
are available over the future period of time; or
available Physical Uplink Shared Channel, PUSCH, air interface resources that are

available over the future period of time.

13.  The method of claim 12, wherein the determining the available air interface
resources that are available over the future period of time comprises:
determining an average of available resources over a time period by using a low pass filter
to determine a moving average;
the method further comprising the base station:
receiving, from the UE, a request for a low-pass filter time constant for the low-
pass filter; or

transmitting low-pass filter coefficients to the UE.
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14.  The method of any one of claims 11 to 13, wherein the network entity is a base
station;
wherein the generating the SAI comprises:
measuring an uplink Signal to Interference and Noise Ratio, SINR, of the UE or
determining uplink interference information; and
wherein the transmitting the generated indication of the SAI to the UE comprises:
transmitting the measured uplink SINR or the determined uplink interference

information to the UE.

15.  The method of any one of claims 11 to 14, wherein the generating the SAI
comprises:
generating an indication of a delay parameter for downlink data, wherein the delay

parameter comprises a queueing delay or a jitter.

16.  The method of claim 15, wherein the generating the SAI comprises:
generating the SAI on a per-radio-bearer basis; or

generating the SAI on a per-QoS-flow basis.

17.  The method of claim 15 or claim 16, wherein the network entity is:
a base station;

a User Plane Function, UPF, of a core network;

a Session Management Function, SMF, of the core network; or

an Access and Mobility Function, AMF, of the core network.
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18. A network entity comprising:
a core network interface;
a processor; and

instructions for a scheduling manager that are executable by the processor to configure the

network entity to perform any one of methods 11 to 17.
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