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TENSOR INFORMATION FOR INTERMEDIATE DATA

CROSS-REFERENCE TO RELATED APPLICATIONS
160011 This application claims the benefit of U.S. Provisional Patent Application No. 83/527 587, filed July

18, 2023, the contents of which are hereby incorporated by reference herein.

BACKGROUND
08621  Video coding systems may be used to compress digital video signals, .., 1o reducs the storage
andfor transmission bandwidth needed for such signals. Video coding systems may includs, for exampls,

block-based, wavelst-based, and/or object-based systems.

SUMMARY

000631 System, msthods, and instrumentalitiss are disclosed for encoding and decoding tensor information

for infermediate data.

160041  An example device {8.q,, for video encading) may be a first device. The first device may dslermine
tensor metadata associated with intermediate data. The first device may encode the intermediate data and the
fensor meltadata associated with the intermediate data. The first device may send the encoded intermediate

data and the encoded fensor metadata to a second device.

[B0G5]  The first device may be associated with a first portion of an arfificial intelligence {Al) model. The first
portion may be an iniial portion of the Al model. The sacond device may be associated with a second portion
of the Al model. The second portion may be a latter portion of the Al model The first device may receive the

intermediate data as an oculput of the first portion of the Al model.

{03681  The intermediate data may be first intermediate data. The fensor mefadata may be first tensor
metadata indicative of a first tensor shape. The first device may detarmine a second tensor shape associated
with second intermediats data. The sscond tensor shaps may be differsnt from the first tensor shape. The first

device may encode the second intermadiate data and second tensor metadata. The second tensor metadata
.
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may be indicative of the second tensor shape. The first device may send the encoded second intermediate

data and the encoded second tensor metadata to the second device.

[G007]  The intermediate data may be first intermediate data. The tensor metadata may be indicative of a
tansor shape. The first device may determine that second infermediate data is associated with the tensor
shaps. The first device may enceds the sscond intermediate data and an indication that the tensor metadata
has not besn included because the tensor shape has not changed. The first devics may send the encoded

second intermediste dala and the encoded indication to the second device.

160081 The tensor metadata may be indicative of at least one of. a fensor shaps, tensor structure

information, a data type, or an encoding algorithm.

{00081  The first device may encods the intermediate data by transforming a mulii-dimensional tensorinto a

one-dimansional fensor, and encoding the one-dimensional tensor in accordance with a binary structure,

[G0401  The first device may send the encoded intermediate dala and the encoded tensor metadata to the
second device by sending the encoded infermadiate data in a first band associated with a data channel, and

sending the encoded tensor metadata in a second band associated with a confrol channsl.

{60441 The first device may encode the intermediate data and the fensor mefadata associated with the
intermediate data by generating an encoded bitstream. The encoded bitstream may include the shcoded
intermediate data and the encoded tensor metadata. The first device may send the encoded infermediate data
and the encoded tensor metadata fo the second device by sending the encoded bitstream to the second

device.
[B12] The first device may be a wirsless fransmitfrecaive unit (WTRU) or a network entity.

B3] An sxampls device (e.q., Tor video decoding) may bs a first device. The first device may recsive
sncoded intermediate data and encoded tensor metadata from a sscond device. The first device may decode
the encoded intermediate data and the encoded fensor metadata. The first device may reconstruct a tensor
bassd on ths intermadiate data and the tensor metadata.

[6014]  The second davice may be asscciated with a first portion of an artificial intelfigence {Al} model, The
first portion may be an inilial poriion of the Al model. The first device may be associated with a second portion
of the Al model. The second portion may be a lalter portion of the Al model. The first device may input the
reconstructed fensor info the second portion of the Al model,

[6015] The intermediate data may be first intermediate data. The tensor metadata may be first tensor

metadata indicative of a first tensor shape, the fensor is a first lensor. The first device may receive encoded
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second intermediate data and encoded second tensor meladata from the second device. The first device may
decode the encoded second intermediate data and the shcoded second tensor metadata. The second tensor
metadata may be indicative of a second lensor shape. The first device may reconstruct a second tensor based

on the second intermediate data and the second fensor metadata.

80161  The intermediate data may be first intermediate data. The tensor metadata may be indicative of a
tansor shape. The first device may receive encoded second intermediate dala and an encoded indication that
the tensor metadata has not been included becauss the tensor shape has not changsd. The first device may
deccds the encoded second intermediate data and the indication. The first device may dstermine that the

second intermediate data is associated with the tensor shape based on the indication.

60171 The tensor metadata may be indicative of at least one of. a fensor shaps, tensor structure

information, a data type, or an encoding algorithm.

00181  The first device may decode the encoded intermediate data by transforming & one-dimensional
fensor info a multi-dimensional tensor, and decoding the muli-dimensional tensor in accordance with a binary

shruclure.

[6048]  The first device may receive the encoded intermediate data and the encoded tensor metadata from
the second device by receiving the encodad intermediate data in a first band associated with a data channel;

and receiving the encoded tensor metadata in a second band associated with a control channel,

80201  The first device may recsive the encoded intermediate data and the encoded tensor matadata from
the second devics by receiving an encoded bitstream from the second device. The encoded bifstraam may
include the encedad intermediate data and the encoded tensor metadata, The first device may dacode the

encedad intermediate data and the sncoded tensor metadata by decoding the encodad bitstream,

00211 The first device may decods the enceoded intermediate date and the encoded tensor metadata by
decoding one or more of. the encoded tensor metadata according to a tensor shape structure or algorithm to
obtain the tensor shape; or the encedad intermediate data according o a bitstream structurs fo oblain a seniss

of intermediate data bytes.

160221 The first device may reconstruct the fensor based on the intermediate data and the tensor metadata
by converling binary data, in the intermediate data, to tensor data, and reshaping the tensor to an original

fensor shape based on the tensor dala and the tensor metadata.

00231  The first device may be a wireless transmit/receive unit (WTRU) or a network entity.
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00241  An sxampls device for encoding intermediate data (e.g., comprising tensors} may receive
intermediate data generated by an initial part of an artificial intelligence (Al model. The device may encods a
fansor shape associated with the intermediate dala as a tensor shape metadata in accordance with a fensor
shaps structure or an encoding algonithm, The device may sncode the infermadiate data as an encoded
intermediate data bitstream in accordance with a bitsiream structure. The device may send the tensor shape

metadata and the encoded intermediate data bitstream to & second device.

80251 Encoding the intermediate data may involve fransforming a multi-dimensional tensor into a one-

dimensional tensor, and encoding the one-dimensional tensor in accordance with a binary stucture.

00261 An sxample device for decoding intermediate data may receive, from a second device, a data
bitstream comprising encoded intermediate data and encodsd tensor shaps metadala associated with the
encoded intermediate data. The device may decode the encoded tensor shape metadata based on a tensor
shape structure or an encoding algorithm to defermine a tensor shape. The device may decode the encoded
intermediate data based on a bilstream structurs fo determine a series of intermediate data bytes. The device
may reconstruct a tensor from the series of intermediate data bytes based on the tensor shape. The device

may input the reconstructed tensor to a last part of an artificial intelfigence (Al) model.

160271  The tensor shape structure and the bitstream structure may be preconfigured. The encoding
algorithm may be a binary struclure algorithm, a binary serialization algorithm, or a textual ssrialization

algorithm.

BRIEF DESCRIPTION OF THE DRAWINGS
100281 FIG. 1Ais a system diagram Hllustrating an example communications systam in which ons or more
disclosed embodiments may bs implemented.
100291 FIG. 1B is a system diagram illustrating an example wirsless transmitirecsive unit (WTRU) that may
be used within the communications system illustrated in FIG, 1A aceording to an embodiment.
60301 FIG. 1C is a system diagram illustrating an example radio access network (RAN) and an example
core network (ON] that may be used within the communications system illusitrated in FIG. 1A according fo an
embodiment.
00311 FiG. 1D is a system diagram illustrating a further example RAN and a further example CN that may
be used within the communications system Hlustrated in FIG. 1A according {o an embodiment.
00321 FIG. 2 ilustrates an sxample video encoder,
160331  FIG. 3 llustrates an example vidso decoder.

-4 -
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[0034] FIG. 4 llustrates an example of a system in which various aspects and examples may be
implemented.

00351  FIG. 5 illustrates a split inference between a WTRU and a network, with the media data source
originating from the WTRU,

00381 FiG. 6 Hlustrates a split inference between the WTRU and the network, with the media data source

originating from the network,
160371 FIG. 7 Hlustrates an example encoded tensor shape.

160381 FIG. 8 illustrates an example change mods for encoding a tensor shape.

(00391 FIG. 9 Hlustrates an sxample splitinference batween a WTRU and a network, in which the media
data source and tensor shape metadata coms from the WTRU.

160401 FIG. 10 illustrates an example spiitinference between a WTRU and a network, in which the media
data source and fensor shape metadata come from the network.

60411 FIG. 11 illusirates examples of the intermediate data access and delivery functions.

DETAILED DESCRIPTION

80421 A more detailed understanding may be had from the following description, given by way of example
in conjunction with the accompanying drawings.

180431 FIG. 1Ais a diagram illustrating an example communications system 100 in which one or more
disclosed embodiments may be implemented. The communications system 100 may be a multiple access
system that provides content, such as voice, data, video, messaging, broadeast, sio., o multiple wirelsss
users. The communications system 100 may enable multiple wirsless users 10 access such content through
the sharing of system resources, including wireless bandwidth. For example, the communications systems 100
may employ ane or more channel access methods, such as code division multiple access {CDMA), time
division multiple access {TOMA), frequency division multiple access (FOMA), orthogonal FDMA (OFDMA),
single-carnier FDMA (SC-FDMA), zero-tail unique-word DFT-Spread OFDM {(ZT UW DTS-s OFDM), uniqus
word OF DM {UW-OFDM), resource block-filtered OFDM, filter bank multicarrier (FBMC), and the like.

[6044]  As shown in FiG. 14, the communications system 100 may inchide wireless transmitireceive units
(WTRUs} 102a, 102b, 102¢c, 102d, a RAN 104/113, a CN 106/115, a public switched tslephone network
(PSTN} 108, the Internet 110, and other natworks 112, though it will be appreciated that the disclosed

embodimeants contemplate any number of WTRUs, base stations, natworks, and/or network slemeants. Each of
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the WTRUs 102a, 102b, 102¢, 102d may be any type of device configured fo operale and/or communicate in a
wireless environment. By way of example, the WTRUs 102z, 102b, 102¢, 102d, any of which may be referred
fo as a “station” and/or a “STA” may be configured to transmit andlor receive wirelsss signals and may include
a user equipment (UE), a mobile stafion, a fixed or mobile subscriber unit, a subscription-based unit, a pager, a
cellular telephons, a personal digital assistant (PDA), a smariphone, a laptop, a netbook, a personal computer,
a wireless sensor, a hotspot or Mi-Fi device, an Internet of Things (loT) device, a watch or other wearable, a
head-mounted display (HMD), a vehicle, a drons, a medical device and applications (s.q., remote surgery}, an
industrial device and applications {e.g., a robot and/or other wireless devices operating in an industrial andfor
an automated procsssing chain contexis), a consumer electronics device, a device operating on commercial
andfor industrial wircless networks, and the like. Any of the WTRUs 1023, 102b, 102¢ and 102d may he
interchangeably referred to as a UE.

60451  The communications systems 100 may also include a base station 114a andfor a base station 114b,
Each of the base stations 114a, 114b may be any type of device configured {o wirelessly interface with ai least
one of the WTRUs 1023, 102b, 102¢, 102d to facilitate access o one or more communication networks, such
as the ON 106/115, the Internet 110, and/or the other networks 112, By way of example, the base siations
114a, 114b may be a base fransceiver station {BT3}, a Node-B, an eNode B, a Home Node B, a Home eNade
B, a gNB, a NR NodeB, a site controller, an access point (AF), a wireless router, and the lke. Whils the base
stations 114a, 114b are sach depicted as a single element, it will be appreciated that the base stations 114a,
114b may include any number of interconnectsd base stations and/or network slements.

{00461 The base siafion 114a may be part of the RAN 104/113, which may also inciude other base stations
andfor network elements (not shown), such as a base station controller (BSC), a radio network controller
(RNCY), relay nodes, ste. The base siafion 114a and/or the base station 114b may be configured fo transmit
andfor receive wireless signals on one o more carrier fraquencies, which may be referred o as a csll {not
shown), These frequencies may be in licensed spectrum, unlicensed spectrum, or a combination of licensed
and unlicensed spectrum. A call may provide coverage for a wireless service (o a specific geographical area
that may be relatively fixed or that may change over time. The cell may further be divided into cell sectors. For
example, the call associated with the base slation 114a may be divided info three sectors. Thus, in one
embodiment, the base station 114a may include three transceivers, 1.e., one for sach sector of the cell. Inan
embodimeant, the base station 114a may employ multiple-input multiple output (MIMO] technology and may
ulilize multiple transceivers for each sactor of the cell. For example, beamforming may be used to transmit

andfor recaive signals in desired spatial directions,
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{00471  The bage stations 114a, 114b may communicate with one or more of the WTRUs 102a, 102b, 102g,
102d over an air interface 116, which may be any suifable wireless communication link {e.q., radio frequency
{RF)}, microwave, cenlimeter wave, micrometer wave, infrared (IR}, ultraviolet {UV), visible fight, efc.). The air
interface 116 may be sstablished using any suitable radio access technology (RAT).

(00481  More specifically, as noted above, the communications system 100 may be a multiple access
system and may employ one or more channal access schamas, such as COMA, TDMA, FDMA, OFDMA, SC-
FOMA, and the fike. For example, the base siation 114a in the RAN 104/113 and the WTRUs 1023, 102b, 102¢
may implament a radic technology such as Universal Mobils Telscommunications System (UMTS) Temestrial
Radic Access {UTRA], which may sstablish the air interface 115/116/117 using wideband CDMA (WCDMA).
WODMA may include communication protocols such as High-Speed Packet Access (HSPA) and/or Evolved
HSPA (HSPA+, HSPA may include High-Spsed Downlink {DL) Packet Access (HSDPA) and/or High-Speed
UL Packet Access (HSUPA)

160481  In an embodiment, the base station 114a and the WTRUs 102a, 102b, 102¢ may implement a radio
tachnology such as Evolved UMTS Terrestrial Radio Access {E-UTRA)}, which may establish the air interface
116 using Long Term Evolution {LTE} and/or LTE-Advanced (LTE-A) and/or LTE-Advanced Pro (LTE-A Pro).
88501  In an embodiment, the bass station 114a and the WTRUs 102a, 102b, 102¢ may implement a radio
technology such as NR Radio Access, which may establish the air inferface 116 using New Radio (NR).
[B851]  In an embodiment, the base station 114a and the WTRUs 1023, 102b, 102c may implement multiple
radic access tachnologiss. For exampls, the base station 1142 and the WTRUs 102a, 102b, 102¢ may
implement LTE radic access and NR radic access together, for instance using dual connectivity (DG}
principles. Thus, the air interface ulilized by WTRUs 1023, 102k, 102c may be characterized by multiple types
of radic access technologies andfor ransmissions sent foffrom multiple typss of base slafions {e.g., an eNB
and a gNB).

60521  In other embodiments, the base station 114a and the WTRUs 102a, 102b, 102¢ may implement radio
tachnologies such as IEEE 802.11 {i.s., Wireless Fidelity (Wiki}, IEEE 802.16 {i.e., Worldwide Interoperability
for Microwave Access (WIMAX)), COMAZ000, COMAZ000 1X, COMAZ000 EV-DO, Inferim Standard 2000 (15-
2000}, Interim Standard 95 (15-05), Interim Standard 856 (15-856), Global System for Mobile communications
{GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM EDGE {(GERAN), and the like.

[B053]  The base station 114b in FIG. 1A may bs a wireless router, Home Node B, Homes eNode B, or
access point, for example, and may utilize any suifable RAT for faciiitating wireless connectivity in a localized

arsa, such as a place of business, a home, a vehicle, a campus, an industial facility, an air corridor {e.g., for
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use by drones), a roadway, and the like. In one embodiment, the base station 114b and the WTRUs 102¢,
102d may implement a radio technology such as IEEE 802.11 o establish a wireless local arsa network
{WLAN). In an embodiment, the base stalion 114b and the WTRUs 102¢, 102d may implement a radio
technology such as IEEE 802.15 to establish a wireless personal area network (WRPAN), In yet another
embodimeant, the base station 114b and the WTRUs 102¢, 102d may ulilize a cellular-based RAT {s.q.,
WODMA, COMA2000, GSM, LTE, LTE-A, LTE-A Pro, NR efc ) fo astablish a picoceli or femtocsll, As shown in
FiG. 1A, the base station 114b may have a direct connsclion o the Internet 110. Thus, the bass station 114b
may not be required © access the Intemet 110 via the CN 106/115.

[0054]  The RAN 104/113 may be in communication with the CN 106/115, which may be any type of
network configured to provide voice, data, applications, and/or vaice over internet protocol {VolP) services to
one or more of the WTRUs 102a, 102b, 102¢, 102d. The data may have varying quality of service {QoS)
requirements, such as differing throughput requirements, latency requirements, error tolerance requirements,
reliability requirements, data throughput requirements, mobility requirements, and the like. The CN 106/115
may provide call control, billing services, mobile location-based services, pre-paid calling, Intemet connectivity,
video distribution, ete., and/or perform high-level security funclions, such as user authentication. Although not
shown in FIG. 14, it will be appreciated that the RAN 104/113 andfor the CN 106/115 may be in direct or
indirect communication with other RANSs that employ the same RAT as the RAN 104/113 or a different RAT.
For example, in addition to being connacted to the RAN 104/113, which may bs utilizing a NR radio
technology, the CN 106/115 may also be in communication with another RAN {not shown) employing a GSM,
UMTS, COMA 2000, WikdAX) E-UTRA, or WiFi radic technology.

160551  The ON 106/115 may also serve as a gateway for the WTRUs 102a, 102b, 102¢, 102d o access the
PSTN 108, the internet 110, and/or the other nefworks 112, The PSTN 108 may include circuit-swilched
felephone networks that provide plain old telephons service (POTS). The Internet 110 may include a global
system of inferconnected computer networks and devices that use common communication protocols, such as
the fransmission control protocol {TCP), user datagram protocol {UDP) and/or the internet protocol {IP) in the
TCP/IP intemet protocol suite. The networks 112 may include wired and/or wireless communications networks
owned and/or operated by other service providers. For example, the networks 112 may include another ON
connacted to one or more RANs, which may employ the same RAT as the RAN 104/113 or a different RAT,
00561  Some or all of the WTRUs 1023, 102b, 102¢, 102d in the communications system 100 may include
multi-mode capabiiities {e.g., the WTRUs 102a, 102b, 102¢, 102d may include multiple transceivers for

communicating with different wireless networks over differant wireless links). For exampls, the WTRU 102¢

-8 -



WO 2025/019249 PCT/US2024/037509

shown in FIG. 1A may be configured o communicate with the base station 114a, which may employ a celiular-
based radio technology, and with the base station 114b, which may employ an IEEE 802 radio technology.
00571 FIG. 1B is a system diagram illustrating an example WTRU 102, As shown in FIG. 1B, the WTRU
12 may include a processor 118, a transcaiver 120, a transmitireceive slament 127, a speaker/microphone
124, a keypad 126, a display/touchpad 128, non-ramovabls memory 130, removable memory 132, a power
source 134, a global positioning system (GPS) chipset 136, and/or other peripherals 138, among others. 1t will
be appreciatad that the WTRU 102 may include any sub-combination of ths forsgoing slemsnts while
remaining consistent with an embaodiment.

{00581  The processor 118 may be a gensral purpose processor, a special purposs processor, @
conventional processor, a digital signal processor {DSP), a plurality of microprocessors, one or more
ricroprocessors in association with a DSP core, a controller, a microcontrolier, Application Specific integrated
Circuits (ASICs), Field Programmable Gate Amrays (FPGAs) circuits, any other type of integrated circuit {IC), a
state machine, and the like. The processor 118 may perform signal coding, data processing, power control,
input/output processing, and/or any other funclionality that enables the WTRU 102 to operate in a wireless
environment. The processor 118 may be coupled fo the fransceiver 120, which may be coupled fo the
transmitireceive elament 122, Whils FIG, 1B depicts the procassor 118 and the fransceiver 120 as separats
components, it will be appreciated that the processor 118 and the transcaiver 120 may be integrated together
in an electronic package or chip.

160591  The transmitireceive element 122 may be configurad o transmit signals to, or raceive signals from,
a base station {e.g., the base station 114a) over the air interfacs 116, For example, in one embodiment, the
fransmit/recsive element 122 may be an antenna configured to transmit andfor receive RF signals. Inan
embodiment, the fransmitireceive element 122 may be an emilter/detector configured fo transmit and/or
receive IR, UV, or visible light signals, for example. In yet ancther embodiment, the transmit/recsive element
122 may be configured to transmit and/or receive both RF and light signals. It will be appreciated that the
fransmitireceive element 122 may be configured fo transmit and/or receive any combination of wireless signals.
60607  Although the ransmitireceive element 122 is depicted in FIG. 1B as a single element, the WTRU
102 may include any number of fransmitireceive slements 122, More specifically, the WTRU 102 may employ
MIMO technology. Thus, in one embodiment, the WTRU 102 may include two or mors fransmitirecsive
elements 122 {e.g., multipls antennas} for transmitting and receiving wireless signals over the air interface 116,
[6061]  The transceiver 120 may be configured fo modulate the signals that ars to be transmitted by the

transmitireceive slement 122 and to demodulate the signals that are recsived by the ransmitireceive element
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122. As noted above, the WTRU 102 may have multi-mode capabiliies. Thus, the transceiver 120 may include
multiple transceivers for enabling the WTRU 102 to communicate via mulliple RATs, such as NR and IEEE
802.11, for example.

60621  The processor 118 of the WTRU 102 may be couplad o, and may receive user input data from, the
spaaker/microphone 124, the keypad 128, and/or the displayftouchpad 128 {8.g., a liquid crystal display {(LCD)
display unit or organic light-emitting dicds (OLED) display unif). The processor 118 may also output user data
to the speaker/microphone 124, the keypad 126, and/or the display/ftouchpad 128, In addition, the processor
118 may access information from, and store data in, any type of suitable memory, such as the non-removable
memery 130 and/or the ramovable memory 132. The non-removable memory 130 may includs random-access
memory {RAM), read-only memory (ROM), a hard disk, or any other type of memory siorage device. The
removable memory 132 may include a subscriber ideniity module (SIM) card, a memory stick, a secure digital
{SD} memory card, and the like. In other embodiments, the processor 118 may access information from, and
store data in, memory that is not physically located on the WTRU 102, such as on a server or a home
computsar {not shown),

[6063]  The processor 118 may receive power from the power source 134, and may be configured fo
distribute and/or control the power to the other components in the WTRU 102, The power source 134 may bs
any suitable device for powering the WTRU 102, For example, the power source 134 may includs one or more
dry celi batteries {&.g., nicksbcadmium {NiCd}, nickabzine (Nidn), nickel metal hydride (NiMH), fthium-ion {Li-
fon), stc.), solar cells, fuel cells, and the like.

[0064] The processor 118 may also be coupled o the GPS chipset 136, which may be configured to
provide location information {s.g., longitude and latitude) regarding the current location of the WTRU 102, In
addition to, or in fieu of, the information from the GPS chipset 136, the WTRU 102 may receive location
information over the air interface 116 from a base station {s.q., base stations 114a, 114b) andior determine ifs
location based on the timing of the signals being received from two or more nearby base stations. twill be
appreciated that the WTRU 102 may acquire location information by way of any suitable location-determination
method while remaining consistent with an embodiment.

(006571  The processor 118 may further be coupled to other peripherals 138, which may include one or more
software and/or hardware modules that provide additional features, functionality and/or wired or wireless
connectivity. For example, the peripharals 138 may include an accelerometer, an e-compass, a satellite
transceiver, a digital camera {for photographs and/or video}, a universal serial bus (USEB) port, a vibration

device, a telsvision fransceiver, a hands fres headset, a Blustooth® module, a frequency modulated {FM) radic
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unit, a digital music player, a madia player, a video game player module, an Intermet browser, a Virfual Reality
and/or Augmented Reality (VR/AR) device, an activity tracker, and the like. The peripherals 138 may include
one or more sensors, the sensors may be one or more of a gyroscope, an accelerometer, a hall effect sensor,
a magnetometar, an orlentation sensor, a proximity sensor, a lemperaturs sensor, a fime sensor; a geclocation
sensor; an altimeter, a light sensor, a fouch sensor, a magnetometer, a barometer, a gesture sensor, a
biometric sensor, and/or a humidity sensor,

{00661 The WTRU 102 may inchude a full duplex radic for which transmission and recsption of soms or all of
the signals {8.g., asscciated with particular subframes for both the UL {s.g., for ransmission} and downlink
{e.g., for reception) may be concurrent and/or simultanecus. The full duplex radic may include an interfersnce
management unit fo reduce and or subsiantially eliminate self-inferference via either hardware {e.q., a choks)
or signal processing via a processor (8.q., a separate processor {not shown) or via processar 118). In an
smbodiment, the WRTU 102 may include & hall-duplex radio for which transmission and reception of some or
all of the sighals {e.q., associated with particular subframes for either the UL (e.q., Tor transmission} or the
downlink {e.g., for reception)).

60671 FIG. 1C is a system diagram illustrating the RAN 104 and the CN 106 according fo an embodiment.
As noted above, the RAN 104 may employ an E-UTRA radio technology to communicate with the WTRUs
1{(12a, 102b, 102c over the air interface 116, The RAN 104 may also be in communication with the CN 106,
(00681  The RAN 104 may include eNode-Bs 1680a, 160k, 160c¢, though it will be appreciated that the RAN
104 may include any number of sNode-Bs whils remaining consistent with an embodiment. The eNode-Bs
160a, 160b, 160c may each include one or more fransceivers for communicating with the WTRUs 102a, 102b,
102¢ over the air interfacs 116, In one embodiment, the sNode-Bs 160a, 160b, 160c may implement MIMO
tachnology. Thus, the eNode-B 160a, for example, may use multiple antennas fo transmit wireless signals fo,
andior receive wireless signals from, the WTRU 102a.

060691  Each of the eNode-Bs 160a, 160b, 160c may be associated with a particular cell {not shown) and
may be configurad to handle radio resource management decisions, handover decisions, scheduling of users
in the UL and/or DL, and the like. As shown in FIG. 1C, the eNode-Bs 160a, 160b, 160c may communicate
with one another over an X2 interface.

[B070]  The ON 106 shown in FIG. 1C may include a mobility management enlity (MME) 162, a serving
gateway {(SGW) 164, and a packet data network (PDN} gateway {or PGW) 166, While each of the foregoing
slemsnts are depicted as part of the CN 106, it will be appreciated that any of these elements may be owned

andfor operated by an entity other than the CN operator.
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00711 The MME 162 may be connected to each of the eNode-Bs 162a, 162b, 162¢ in the RAN 104 via an
31 interface and may serve as a control node. For example, the MME 162 may be responsible for
authenticating users of the WTRUs 102a, 102b, 102¢c, bearer activation/deactivation, selecling a particular
serving gateway during an initial attach of the WTRUs 1023, 102b, 102¢, and the lke. The MME 162 may
provide a contrel plane function for switching between the RAN 104 and other RANs {not shown) that employ
other radio technologiss, such as GSM and/or WCODMA.

(00721 The SGW 184 may be connectsd fo each of the eNode Bs 160a, 160b, 160c in the RAN 104 via the
$1 interface. The SGW 164 may generally route and forward user data packsts toffrom the WTRUs 1024,
102h, 102¢. The SGW 164 may perform other functions, such as anchoring user planss during inter-eNode B
handovers, friggering paging when DL data is available for the WTRUs 102a, 102b, 102c, managing and
storing contexts of the WTRUs 102a, 102b, 102¢, and the like.

160731 The SGW 164 may be connected to the PGW 166, which may provide the WTRUs 102a, 102b, 102¢
with access to packet-switched networks, such as the Internet 110, o facilitate communications between the
WTRUs 102a, 102b, 102¢ and 1P-enabled devices.

[6074]  The CN 106 may facilitate communications with other networks. For example, the CN 108 may
provide the WTRUs 102a, 102b, 102c with access fo circuit-switched nefworks, such as the PSTN 108, 1o
facilitate communications hehwean the WTRUs 102a, 102b, 102¢ and traditional land-line communications
devices, For example, the CN 106 may include, or may communicate with, an [P gateway {e.g., an iP
multimedia subsystem {IMS) server) that serves as an interface between the CN 106 and the PSTN 108. In
addition, the CN 106 may provide the WTRUs 102a, 102b, 102c with accass {o the other networks 112, which
may include other wired and/or wirsless networks that are owned and/or operated by other service providers.
60751  Although the WTRU is described in FIGS. 1A-1D as a wireless terminal, it is contemplated that in
certain representative embodiments that such a terminal may use (e.¢., temporarily or permanently) wired
communication interfaces with the communication network.

08761  In representative embodiments, the other network 112 may be a WLAN.

60777 AWLAN in Infrastructure Basic Service Set {B3S) mode may have an Access Point (AP) for the BSS
and one or more stations (STAs) associated with the AP. The AP may have an access o an interface to a
Distribution System {DS) or another type of wired/wireless network that carries traffic in to andior cut of the
B35, Traffic to STAs that originates from outsides the BSS may arrive through the AP and may be deliverad {o
the $TAs. Traffic originating from STAs {o destinations outside the BSS may be sent {o the AP fo be deliverad

to respective destinaltions. Traffic betwesn STAs within the BSS may bs sent through the AP, for example,
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where the source STA may send traffic o the AP and the AP may deliver the traffic to the destination 3TA. The
traffic betwesn 5TAs within a BSS may be considered and/or referred o as peerdo-peer traffic. The peer-to-
peer traffic may be sent belween {&.¢., directly between) the source and destination 5TAs with a direct link
setup (DLS). In cerlain representative embodiments, the DLS may use an 802.11e DLS or an 802,11z tunneled
DLS (TDLS). A WLAN using an Independent BSS {IBSS) mode may not have an AP, and the STAs {e.q., all of
the STAs) within or using the IB3SS may communicate directly with sach other. The IBSS mode of
communication may sometimas be referred to herein as an “ad-hoc” mode of communication.

160781  When using the 802.11ac infrastructure mods of operation or a similar mode of operations, the AP
may transmit a beacon on a fixed channal, such as a primary channel The primary channsl may be a fixed
width {e.g., 20 MHz wide bandwidth} or a dynamically set width via signaling. The primary channel may be the
operating channel of the BSS and may be used by the STAs fo establish a connection with the AP In certain
representative embodiments, Carrier Sense Muitiple Access with Collision Avoidance (CSMA/CA) may be
implemented, for example in in 802.11 systems. For COMA/CA, the STAs {e.g., every STA), including the AP,
may sense the primary channel, If the primary channel is sensed/detectad andior determined to be busy by a
particular STA, the particular STA may back off. One STA {e.g., only one station} may transmit at any given
fime in a given BSS.

160791  High Throughput (HT) STAs may use a 40 MHz wide channel for communication, for example, via a
combination of the primary 20 MHz channel with an adjacent or nonadjacent 20 MHz channsl to form a 40 MHz
wide channel.

{00807  Very High Throughput {(VHT) STAs may support 20MHz, 40 MHz, 80 MHz, andior 160 MHz wide
channels. The 40 MHz, and/or 80 MHz, channels may be formsd by combining contiguous 20 MHz channels. A
160 MHz channel may be formed by combining 8 contiguous 20 MMz channels, or by combining two non-
contiguous 80 MHz channels, which may be referred to as an 80-+80 configuration, For the 80-+80
configuration, the data, after channed encoding, may be passed through a segment parser that may divide the
data into two sireams. Inverse Fast Fourier Transform (IFFT) processing, and time domain processing, may be
done on each stream separately. The streams may be mapped on to the two 80 MHz channels, and the data
may be transmitted by a transmitling STA. Al the recsiver of the receiving STA, the above described operation
for the 80+80 configuration may be reversed, and the combined data may be sent fo the Medium Access
Confrol (MAC).

16081] Sub 1 GHz modes of operation are supportad by 802.11af and 802.11ah. The channal operating

bandwidths, and carriers, are reduced in 802 11af and 802.11ah relative o those used in 802.11n, and
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802.11ac. 802.11af supports 5 MHz, 10 MHz and 20 MHz bandwidths in the TV White Space {TVWS)
spectrum, and 802.11ah supports 1 MHz, 2 MHz, 4 MHz, 8 MHz, and 16 MHz bandwidths using non-TVWS
spectrum. According to a representative smbodiment, 802.11ah may support Meter Type ControliMachine-
Type Communications, such as MTC davices in a macro coverage area. MTC devices may have cerlain
capabiiities, for example, limited capabiiiies including support for {e.g., only support for) certain and/or imited
bandwidths. The MTC devices may include a battary with a battery life above a thrashold {e.g., o maintain a
yary long battery life}.

160821 WLAN systems, which may support multiple channels, and channel bandwidths, such as 802.11n,
802.11ac, 802.11af, and 802.11ah, include a channal which may be designated as the primary channel The
primary channel may have a bandwidth equal to the largest common opsraling bandwidih supported by ali
STAs in the BSS. The bandwidth of the primary channel may be set and/or limited by a STA, from among all
STAs in operating in a BSS, which supports the smallest bandwidth operating mode. In the example of
802.11ah, the primary chanhel may be 1 MHz wide for STAs {(e.g., MTC type devices} that support {e.q., only
support) a 1 MHz mode, even if the AP, and other STAs in the BSS support 2 MHz, 4 MHz, § MHz, 16 MHz,
and/or other channel! bandwidth operating modes. Carrier sensing and/or Network Allocation Vector (NAV}
seftings may depend on the status of the primary channel. If the primary channel is busy, for example, dusto a
STA (which supports only a 1 MHz operating mods), fransmitling fo the AP, the entire avaiiable frequancy
bands may be considerad busy sven though a majority of the frequancy bands remains idle and may be
avaliable.

(00831 In the United States, the available frequency bands, which may be used by 802.11ah, are from 802
MHz to 928 MHz. In Korea, the available fraquency bands are from 917.5 MHz to 923.5 MHz. In Japan, the
available frequency bands are from 916.5 MHz to 927.5 MHz. The total bandwidth available for 802.11ahis &
MHz to 26 MHz depending on the country code.

60841 FIG. 1D is a system diagram illustrating the RAN 113 and the CN 115 according fo an embodiment.
As noted above, the RAN 113 may employ an NR radic technology to communicate with the WTRUs 102a,
102b, 102c over the air interface 116. The RAN 113 may also be in communication with the CN 113,

(00851  The RAN 113 may include gNBs 180a, 180b, 180c¢, though it will be appreciated that the RAN 113
may includs any numbar of gNBs while remaining consistent with an smbodiment. The gNBs 180a, 180b, 180c
may each include one or more fransceivars for communicating with the WTRUs 102a, 102b, 102¢ over the air
interface 116. In one smbodiment, the gNBs 180a, 180b, 180c may implement MIMO technology. For exampls,

gNBs 1803, 108b may ulilize beamforming o transmit signals to and/or receive signals from the gNBs 180a,
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180b, 180c. Thus, the gNB 1804, for example, may uss multiple antennas fo transmit wireless signals to,
andfor receive wireless sighals from, the WTRU 102a. in an embodiment, the gNBs 180a, 180b, 180c may
implement carrier aggregation technology. For example, the gNB 180a may transmit muitiple component
carrers fo the WTRU 102a (not shown). A subset of these component carriers may be on unlicensed spectrum
while the remaining component carriers may be on licensed spectrum. In an embodiment, the gNBs 1803,
180b, 180c may implement Coordinated Mulli-Point {ColMP) technology. For example, WTRU 102a may
receive coordinated transmissions from gNB 180a and gNB 180b {andior gNB 180c).

160861 The WTRUs 1023, 102b, 102¢ may communicate with gNBs 180a, 180b, 180c using transmissions
associated with a scalable numerology. For example, the OFDM symbol spacing and/or OFDM subcarrier
spacing may vary for different transmissions, different cells, and/or different portions of the wireless
transmission spectrum, The WTRUs 1023, 102b, 102c may communicate with gNBs 180a, 180b, 180c using
subframe or fransmission time infervals (TTls) of various or scalable lengths {e.g., containing varying number
of OF DM symbols and/or lasting varying lengths of absolute time).

00871 The gNBs 180a, 180hb, 180c may be configured to communicate with the WTRUs 102a, 102b, 102¢
in a standalone configuration andfor a non-standalone configuration. In the standalone configuration, WTRUs
102a, 102b, 102¢ may communicate with gNBs 180a, 180b, 180¢ without also accessing other RANs {e.g,,
stuch as eNode-Bs 1680a, 160b, 160c). In the standalone configuration, WTRUs 1023, 102k, 102c may utilize
ong or more of gNBs 180a, 180k, 180c as a mobility anchor point. in the standalone configuration, WTRUs
1(2a, 102b, 1020 may communicate with gNBs 180a, 180b, 180c using signals in an unlicensed band. In &
non-standalons configuration WTRUs 1023, 102b, 102c may communicate with/connsct fo gNBs 180a, 180b,
180c while also communicating with/connecting to another RAN such as eNode-Bs 160a, 160b, 160¢. For
example, WTRUs 102a, 102b, 102¢ may implement DC principles o communicate with one or mors gNBs
180a, 180b, 180c and one or more eMNode-Bs 160a, 160b, 160c substantially simultanecusly. In the non-
standalone configuration, eNode-Bs 160a, 160b, 160c may serve as a mobility anchor for WTRUs 102a, 102b,
102¢ and ghBs 180a, 180b, 180c may provide additional coverage and/or throughput for servicing WTRUs
102a, 102b, 102c.

[0088] LEach of the gNBs 180a, 180b, 180c may be associated with a particular cell {not shown) and may be
configured fo handle radic rescurce managemant decisions, handover decisions, scheduling of users in the UL
andfor DL, support of network slicing, dual connectivity, interworking bstween NK and E-UTRA, routing of user

plane data towards User Plane Function (UPF) 184a, 184b, routing of control plane information towards
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Access and Mobility Management Function (AMF} 182a, 182b and the like. As shown in FIG. 1D, the gNBs
180a, 180b, 180c may communicate with one another over an Xn interface,

100881  The CN 115 shown in FIG. 1D may include atl least one AMF 1823, 182b, af least one UPF
184a,184b, at least one Session Managament Function {(SMF) 183a, 183b, and possibly a Data Network {EBN)
185a, 185h, Whils sach of the foregeing elements are depictad as part of the CN 115, it will be appreciated
that any of thase elements may be owned and/or operated by an snfity other than the CN operator,

00907  The AMF 1823, 182b may be connected to one or more of the gNBs 180a, 180b, 180¢ in the RAN
113 via an N2 interface and may serve as a control node. For example, the AMF 182a, 182b may be
responsible for authenticating users of the WTRUs 102a, 102b, 102¢, support for network slicing {e.g., handling
of different PDU sessions with different requirements), selecting a particular SMF 183a, 183b, management of
the registration area, termination of NAS signaling, mobility management, and the fike. Network slicing may be
used by the AMF 182a, 182b in order to customize CN support for WTRUs 102a, 102b, 102¢ based on the
types of services being ulilized WTRUs 1023, 102b, 102¢. For example, different networlk slices may be
established for different use cases such as services relying on ulira-refiable low latency (URLLC) access,
services relying on enhanced massive mobile broadband {(eMBB) access, services for machine fype
communication (MTC) access, andlor the like. The AMF 162 may provide a control plane function for switching
between the RAN 113 and other RANs (not shown) that employ other radio technologies, such as LTE, LTE-A,
LTE-A Pro, and/or non-3GPF access technologies such as Wik,

160911  The SMF 183a, 183b may be connscted to an AMF 1823, 182b in the CN 115 via an N11 interface,
The SMF 183a, 183b may also be connected to a UPF 184a, 184b in the ON 115 via an N4 interface. The SMF
183a, 183b may select and control the UPF 184a, 184b and configurs the routing of traffic through the UPF
184a, 184, The SMF 183a, 183b may perform other functions, such as managing and aliocating UE P
address, managing PDU sessions, controlling policy enforcement and Qo§, providing downlink data
notifications, and the like. A PDU session type may be [P-based, non-IP based, Ethernst-hased, and the like.
00921  The UPF 184a, 184b may be connected fo one or more of the gNBs 180a, 180b, 180¢ in the RAN
113 via an N3 interface, which may provide the WTRUs 102a, 102b, 102¢ with access to packet-switched
networks, such as the intemst 110, to facilitate communications between the WTRUs 102a, 102b, 102¢ and 1P-
enabled devices. The UPF 184, 184b may perform other functions, such as routing and forwarding packets,
enforcing user plane policies, supporting multi-homad PDU sessions, handling user plane QoS, buffering

downlink packets, providing mobility anchoring, and the like.
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(00931  The CN 115 may facilitate communications with other networks, For example, the CN 115 may
include, or may communicate with, an IP gateway {e.q., an IP mulimedia subsystem (IMS) server) thai serves
as an interface between the CN 115 and the PSTN 108, In addition, the CN 115 may provide the WTRUs
1{(12a, 102b, 102c with access fo the other networks 112, which may include other wired and/or wirsless
networks that are owned and/or operatad by other service providars. In one smbodiment, the WTRUs 1023,
1{(12b, 102c may be connected to a local Data Network (DN} 185a, 185b through the UPF 184a, 184b via the
N3 interface 1o the UPF 184a, 184b and an N6 interface between the UPF 1844, 184b and the DN 185a, 135b.
160941  Inview of Figures 1A-1D, and the corresponding description of Figures 1A-1D, one or more, or all, of
the functions described herein with regard to one or mors of WTRU 102a-d, Base Station 114a-b, eNode-B
160a-c, MME 162, SGW 164, PGW 166, gNB 180a-c, AMF 182a-b, UPF 184a-b, SMF 183a-b, DN 185a-b,
andfor any cther device(s) describad hersin, may be performed by one or more emulation devices {not shown).
The smulation devices may be one or more devices configured o emulate one or morg, or all, of the functions
described herein. For example, the emuiation devices may be used o test other devices andlor fo simulate
network and/or WTRU funcilions.

[6095]  The emulation devices may be designed to implement one or more tests of other devices in alab
environment and/or in an operator nstwork snvironment. For exampls, the one or more emulation devices may
parform the one or more, or all, functions while baing fully or partially implemented and/or deployed as part of a
wired and/or wireless communication network in order to test other devices within the communication network.
The one or mors emulation devicss may perforn the one or more, or all, functions while being temporarily
implementedideployed as part of a wired and/or wireless communication network. The emulation device may
be directly coupled fo another device for purposss of testing and/or performing testing using over-the-air
wireless communications.

160961  The one or more emulation devices may perform the one or more, including ali, functions while not
being implemented/deploved as part of a wired and/or wirsless communication network. For example, the
emulation devices may be utilized in a testing scenario in a testing laboratory andfor a non-deployed (e.g.,
tesiting) wired and/or wireless communication network in order to implement testing of one or more
components. The one or more emulation devices may be fest equipment. Direct RF coupling and/ior wireless
communications via RF cireuitry {e.g., which may include one or more antennas) may be used by the emulation
devices {o transmit and/or recsive data.

160971  This application describas a varisty of aspects, including tools, features, examples, models,

approaches, efc. Many of these aspects are described with spacificity and, at least to show ths individual
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characteristics, are often described in a manner that may sound limiting. Howevar, this is for purposes of clarity
in deseription, and does not limit the application or scope of those aspects. Indeed, all of the different aspecis
may be combined and interchanged to provide further aspects. Moreover, the aspects may be combined and
interchanged with aspects dascribad in earlier filings as weall.

{00981  The aspects described and contempiated in this application may be implemented in many different
forms, FlGs. 5-27 described herein may provide some examples, but other examplas are contemplated. The
discussion of FIGs. 5-27 does nct imit the breadth of the implamentations. At lsast one of the aspects
generally relates fo vidso encoding and decoding, and at least one other aspect gensrally relates o
transmitiing a bitstreanm gensrated or encoded, Thase and other aspscis may be implemented as a msthad, an
apparatus, a computer readable storage medium having stored therson instructions for encoding or decoding
yideo data according to any of the methods described, andfor a compuler readable storage medium having
stored thereon a bitstream gensrated according to any of the methods described.

60981  In the present application, the terms “reconstructed” and “decoded” may be used inferchangeably,
the terms “pixel” and “sample” may be used interchangeably, the terms “image,” “picture” and “rame” may be
used interchangeably.

01601  Various methods are described hersin, and sach of the methods comprises one or mors staps or
actions for achieving the described method. Unless a specific order of steps or actions is required for proper
operation of the method, the order and/or use of spacific steps and/or aclions may be modifiad or combined.

B 8

Additionally, terms such as "first,” “sscond,” stc., may be used in various examples {o modify an element,
component, step, operation, etc,, such as, for example, a first deceding” and a “second decading.” Use of
such ferms does not imply an ordering fo the modifisd operations unless specifically required. So, in this
example, the first decoding nead not be parformed before the second decoding, and may oceur, for example,
before, during, or in an overlapping ime period with the second decoding.

01011 Various methods and other aspects dascribed in this application may be used to modify modules, for
example, decoding modules, of a video encoder 200 and decoder 306 as shown in FIG. 2 and FIG. 3.
Moreover, the subject matler disclosed herein may be applied, for example, {o any type, format or version of
video coding, whether described in a standard or a recommendation, whether pre-existing or fulure-developed,
and extensions of any such standards and recommendations. Unless indicated otherwise, or technically

praciuded, the aspects described in this application may be used individually or in combination.
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04621  Various numeric values are used in examples described the present application, such as 1, 2,4, 7, 8,
16, 32, 64, elc. These and other specific values are for purposes of describing examples and the aspects
described ars not limited to these specific values.

B103]  FIG. 2 s a diagram showing an example vidso encoder 200, Variations of example encoder 200 are
contemplated, but the encoder 200 is describad below for purposss of clanity without describing all expscted
variafions.

[0104] Before being sncoded, the video ssquence may go through pre-encoding processing (201), for
sxampls, applying a color transform to the input color picture {e.g., conversion from RGE 4:4:4 to YChCr
4.2:0%, or performing a remapping of the input picture components in order o get a signal distribution more
resilient to compression (for instance using a histogram equalization of one of the color components), Metadata
{e.g., which may include film grain parameters determined by pre-processing as described herein) may be
associated with the pre-processing and atfached to the bitstream.

[6105]  In the encoder 200, a picture is encoded by the encoder elements as described below. The picturs to
be encoded is partiioned {202} and processed in units of, Tor example, coding units {Cls). Each unitis
encoded using, for example, either an infra or inter mode. When a unitis encoded in an intra mode, it performs
intra prediction (260}, In an inter mode, motion estimation {275} and compensation {270} ars performed. The
encoder decides {205} which one of the infra mode or inter mode to use for encoding the unit, and indicates the
intrafinter decision by, for example, a pradiction mode flag. Pradiction residuals are calculated, for sxampls, by
subfracting {210} ths predictad block from the original imags block.

{01881  The prediction residuals are then transformed {225) and quantized (230). The quantized transform
ceefficients, as wall as motion vaclors and other syntax slements, are entropy coded {245} to output a
bitstream. The encoder can skip the transform and apply quantization directly to the non-tfransformed residual
signal. The encoder can bypass both transform and quantization, Le,, the residual is coded directly without the
application of the transform or quantization processes.

01671 The encoder decodes an encoded block to provide a reference for further predictions. The guantized
transform coefficients are de-quantized {240} and inverse fransformed {250} to decode prediction residuals,
Combining {255) the decoded prediction residuals and the predicted block, an image block is reconstructed.
in-loop filters {265) are applied to the reconsiructed picture to perform, for example, deblocking/SAD {Sample
Adaptive Offset) filtering o reduce encoding artifacts. The filtered image is slored at a reference picturs buffer
{280).
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[0108] FIG. 3is a diagram showing an example of a video decoder. In example decoder 300, a bitstream is
decoded by the decoder elements as described below. Video decoder 300 generally performs a decoding pass
reciprocal to the encoding pass as described in FIG. 2. The encoder 200 also generally performs video
decoding as part of encoding video data,

01681  In particular, the input of the decoder includes a video bitstraam, which may be generated by video
encoder 200, The bitstream is first entropy decoded {330} to obtain fransform coefficiants, motion vactors, and
other caded information. The picture pariition information indicates how the picture is partitionsd. The decoder
may therefors divide {335} the picturs according fo the decoded picture partitioning information. The transform
cosflicients are de-quantized {340} and inverse transformed {350} to decode the prediction rasiduals.
Combining {355} the decoded prediction residuals and the predicted block, an image block is reconstructed.
The predicted block may be obtained {370} from intra prediction (360} or motion-compensated prediction {i.e.,
inter prediction} {375). In-loop filters {383} are applied o the reconstructed image. The filtered image is stored
at a referance picture buffer {380},

04101  The decoded picture can further go through post-decoding processing {385), for example, an inverse
color transform {e.g., conversion from YCbCr 4:.2:0 to RGB 4:4:4) or an inverse remapping performing the
invarse of the remapping process performed in the pre-encoding processing {201}, The post-decoding
processing can use metadata derived in the pre-encoding procassing and signaled in the bitstream. In an
example, the decoded images {s.q., after application of the in-loop filters (385) and/or after post-dacoding
processing {385}, if post-decading processing is used) may be sent o a display device for rendesring to a user.
(01141  FIG. 4is a diagram showing an exampie of a systen in which various aspects and sxamplss
describsd herein may be implementsd, System 400 may be embodisd as a device including the various
components described below and is configured to perform one or mors of the aspects described in this
document. Examples of such devices, includs, but are not limited to, various slecironic devices such as
personal computers, laptop computers, smariphones, tablet compuiers, digital multimedia set {op boxes, digital
falovision receivers, personal video recording systems, connected home appliances, and servers. Elements of
system 400, singly or in combination, may be smbodied in a single integrated circuit {IC), multiple iCs, andfor
discrete components. For example, in at least one example, the processing and encoder/decoder elements of
system 400 are distributed across mulliple 1Cs and/or discrete components. In various examples, the system
400 is communicatively coupled to one or mors other systems, or other electronic devicas, via, for example, g
commiunications bus or through dedicatad input and/or output poris. In various examples, the system 40 is

configured fo implement one or more of the aspects described in this document.
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01121  The system 400 includes ai least one processor 410 configured to executs instructions loaded
therein for implementing, for example, the various aspects described in this document. Processor 410 can
include embedded memory, input output inferface, and various other circuitries as known in the art. The system
400 includes at least one memory 420 {e.g., a volatile memory device, and/or a non-volatile memory device).
System 400 inchides a storage device 440, which can include non-volatile memory andior volatile memory,
including, but not limited to, Electrically Erasable Programmable Read-Only Memory (EEFROM), Read-Only
Memory (ROM), Programmable Read-Only Memory (PROM), Random Access Memory (RAM), Dynamic
Random Access Memory (DRAM), Static Random Access Memory (SRAM), flash, magnstic disk drive, and/or
optical disk drive. The storage device 440 can includs an internal storage device, an attached storage devics
{including detachable and non-detachable storage devices), and/or a network accessible storage devics, as
non-fimiting examples.

104131 Sysiem 400 includes an encoder/decoder module 430 configured, for example, o process dala to
provide an encoded video or decoded video, and the encoder/decoder module 430 can include its own
processor and memory. The encoder/decoder module 430 represents module{s) that may be included in a
device {o perform the encoding andlor decoding functions. As is known, a device can include one or both of the
enceding and decoding modules. Additionally, encoder/decoder module 430 may be implemented as a
separate slement of system 400 or may be incorporated within procassor 410 as a combination of hardware
and software as known to those skilled in the art.

[6114] Program code to be loaded onfo processor 410 or encoder/decoder 430 o parform the various
aspects dascribed in this document may be stored in storage device 440 and subsequently loaded onfo
memory 420 for execution by processor 410, In accordance with various examples, ong or more of processor
410, memory 420, storage device 440, and encoderfdecoder module 430 can store one or more of various
items during the performance of the processes described in this document, Such stored Htems can includs, but
are not fimited o, the input video, the decoded video or portions of the decoded video, the bitstream, matrices,
variables, and intermediate or final results from the processing of squations, formulas, operations, and
operational logic.

041531 In some examples, memory inside of the processor 410 and/for the encoder/decoder module 430 is
used to store instructions and fo provide working memory for processing that is needed during encoding or
deceding. In other examples, howsver, a memory extemnal to the processing devics {for example, the
processing devics may be sither the procassor 410 or the encoder/decoder module 430) is used for ong or

mors of these funclions. The external memory may be the memory 420 and/or the storage device 440, for
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example, a dynamic volatils memory and/or a non-volatile flash memory. In several examples, an external non-
yolatile flash memory is used fo store the operating system of, for example, a television. In at least one
example, a fast external dynamic volatile memory such as a RAM is used as working memory for video
encoding and deceding operations.

(01181  The input to the elements of system 400 may be provided through various input devices as indicated
in block 445, Such input devices include, but ars not imited to, (i} a radio frequancy {RF} portion that receives
an RF signal transmittsd, for example, over the air by a broadcaster, {il) a Component {COMF} input terminal
{or & set of COMP input terminals), (i} & Universal Serial Bus {USB) input terminal, andfor (iv} a High Definition
Multimedia Interface (HDMI) inputterminal Cther examples, not shown in FIG. 4, include composits video.
14171 In various sxamples, the input devices of block 445 have associated respective input processing
elements as known in the art. For example, the RF portion may be associated with elements suitable for (i)
selecting a desired frequency {also referred o as selecting a signal, or band-limiting a signal to a band of
frequencies), (i} down-converting the sslected signal, (i} band-fimiting again fo a narrower band of frequencies
fo select (for example) a signal frequency band which may be referred to as a channel in certain examples, (iv)
demodulating the down-converted and band-limited signal, (v} performing error correction, and/or {vi}
demuitiplexing {o sslect the desired stream of data packets. The RF portion of various examples includes one
or more elements to perform thess functions, for example, frequency selectors, signal selectors, band-limiters,
channal sslectors, filters, downconverters, demodulators, error correctors, and demultiplexers. The RF portion
can include a tuner that parforms various of these functions, including, for example, down-converting the
received signal to a lower frequency (for example, an intermediate frequancy or a near-baseband frequsncy) or
fo baseband. In one sst-top box example, the RF portion and its associated input processing slement recaives
an RF signal transmitted over a wired {for example, cable) medium, and performs frequency selection by
filtering, down-converting, and filtering again fo a desired frequency band. Various examples rearrange the
order of the above-described (and other) elements, remove some of these elements, and/or add other
elements performing similar or different funclions. Adding slements can include inserting elements in between
existing elements, such as, for example, inserling amplifiers and an analog-to-digital converter. In various
examples, the RF portion includes an anienna.

[6118]  The USB andior HDMI terminals can include respective interface processors for connectling system
400 to other electronic devices across USB and/or HOMI connections. It is to be understood that various
aspects of input processing, for example, Reed-Solomon error correction, may be implementad, for example,

within a separate input processing IC or within processor 410 as necessary. Similarly, aspects of USB or HDM

- 27



WO 2025/019249 PCT/US2024/037509

interface processing may be implemented within separate interface 1Cs or within processor 410 as necessary.
The demodulated, error corrected, and demultiplexed stream is provided to various processing elements,
including, for example, processor 410, and encoder/decoder 430G operating in combination with the memory
and storage elements to process the data stream as necessary for presentation on an oufput device.

01181 Various elements of system 400 may be providad within an integrated housing, Within the integrated
housing, the various slements may be interconnacled and fransmit data thersbelwesn using suitable
connection arrangement 425, for sxampls, an internal bus as known in the art, including the Inter-IC (12C} bus,
wiring, and printed circuit boards.

{01201 The system 400 inclides communication interface 450 that enables communication with other
devices via communication channe! 460. The communication interface 450 can include, but is not limifed to, a
transceiver configured fo transmit and to receive data over communication channel 460, The communication
inferface 450 can include, but is not limited to, a modem or network card and the communication channel 480
may be implemented, for example, within a wired andfor a wireless medium.

01211  Dalais streamed, or otherwise provided, o the system 400, in various examples, using a wirgless
network such as a Wi-Fi network, Tor example IEEE 802.11 {IEEE refers to the Institute of Electrical and
Elactronics Enginears). The Wi-Hi signal of these examples is received over the communications channel 480
and the communications interface 450 which are adapted for Wi-Fi communications. The communications
channal 460 of thase examples is fypically connected to an access point or router that provides accass fo
sxternal natworks including the Internet for aliowing streaming applications and other over-the-fop
communications. Cther examples provide streamed data o the system 400 using a set-top box that delivers
the data over the HDM connection of the input block 445, Still other examples provids streamed datato the
system 400 using the RF connection of the input block 445, As indicated above, various examples provide data
in a non-streaming manner. Additionally, various examples use wireless nefworks other than Wi-Fi, for
example a cellular network or a Blustooth® network.

01221  The system 400 can provide an output signal to various output devices, including a display 475,
speakers 485, and other peripheral devices 495, The display 475 of various examples includes one or more of,
for example, a touchscreen display, an organic light-emifting diode (OLED) display, a curved display, andior a
foldable display. The display 475 may be for a {elevision, a tablet, a laptop, a cell phone {mobils phons), or
another device. The display 475 can alse be integrated with other components {for example, as in a smant
phone), or separate {for example, an external monitor for a laptop). The other peripheral devices 485 includs,

in various examples, one or more of a stand-alone digital video disc {or digital versatile dise) {(DVD, for both
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farms), a disk player, a stereo system, and/or a lighting system. Various examples use one or more peripheral
devices 493 that provide a function based on the output of the system 400. For example, a disk player
performs the function of playing the output of the system 400.

81231 Invarious examples, control signals are communicated betwean the systaem 400 and the display 475,
spaakers 485, or other peripheral devices 495 using signaling such as AV Link, Consumer Elsctronics Control
(CEC), or other communications profocels that snable devics-to-davice control with or without user
intervention. The output devices may be communicatively coupled to system 400 via dedicated connections
through respsctive interfaces 470, 480, and 480, Altematively, the cutput devices may be connected to system
400 using the communications channel 460 via the communications interface 450, The display 475 and
speakers 485 may be infegrated in a single unit with the olher components of system 400 in an electronic
device such as, for example, a television. In various examples, the display interface 470 includes a display
driver, such as, for example, a fiming contfroller {T Con} chip.

[0124] The display 475 and speakers 485 can altematively be separate from one or more of the other
components, for example, if the RF portion of input 445 is part of a separate set-top box. In varicus examples
in which the display 475 and speakers 485 are extemal components, the oulput signhal may be provided via
dedicated oufput connections, including, for example, HDM ports, USE ports, or COMP outputs.

61251 The sxamples may be carried out by computer software implemented by the procassor 410 or by
hardware, or by a combination of hardware and software. As a non-limiting example, the exanmples may be
implemantad by one or more integrated circuits. The memory 420 may be of any typs appropriate fo the
tachnical environment and may be implemented using any appropriate data storags technology, such as
optical memaory davices, magnetic memory devices, semiconductor-based memory devices, fixed memory, and
removable memory, as non-limiling examples. The processor 410 may be of any type appropriate to the
fechnical environment, and can encompass one or more of microprocessors, general purpose computers,

spacial purpose computers, and processors based on a multi-core architeclure, as non-limiting examples.

01261  Various implementations involve decoding. “Decoding,” as used in this application, can encompass
all or part of the processss performed, for example, on a received encoded sequence in order o produce a
final output suitable for display. In various examples, such processes inchide one or more of the processes
typically performed by a decoder, for example, entropy decoding, inverse quaniization, inverse fransformation,
and differsntial decoding. In various examples, such procasses also, or altematively, include processes
performed by a deceder of various implemantations described in this application, for example, receiving

sncoded intermediate data and encoded tensor metadata from a second device; decoding the sncoded
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intermediate data and the encoded tensor metadata; reconsiructing a tensor based on the intermediate data
and the tensor metadats, sfc.

04271 Asfurther examples, in one example “decoding” refers only to entropy decoding, in another example
“‘decoding” refars only to differential decoding, and in ancther example “decoding” refers to a combination of
entropy decoding and differantial decoding. Whether the phrase “decoding process” is intended fo refer
specifically to a subset of operations or generally to the broader decoding process will be clear based on the

context of the specific descriptions and is believed to be well undersicod by those skilled in the art

101281 Various implementations involve encoding. In an analogous way to the abovs discussion about
‘decading,” “encoding” as used in this application can encompass all or part of the processes performed, for
example, on an input video sequence in order to produce an encoded bitstream. In various examples, such
processes include one or more of the pracesses typically performed by an encoder, for example, partitioning,
differential encoding, transformation, quantization, and entropy encoding. In various examples, such processes
also, or altematively, include processes performed by an encoder of various implementations described in this
application, for example, determining tensor metadata associated with intermediate data; shcoding the
intermediate data and the fensor meladata associaled with the infermediate dala; sending the encoded
intermediate data and the encoded tensor metadata o a second device, elc.

01281  As further examples, in one example “encoding” refers only to entropy shcoding, in another example
‘encoding” refars only to differential encoding, and in ancther example “encoding” refers to a combination of
differential encading and entropy encoding. Whether the phrase “encoding process” is intended fo refer
specifically 1o a subset of operations or generally to the broader encoding process will be clear based on the
context of the specific descriptions and is believed to be well undersicod by those skilled in the art

101301  Note that syntax elements as used hersin are descriptive terms. As such, they do not preciude the
use of other syntax slement names.

101311 When a figure is presented as & flow diagram, it should be understood that it also provides a block
diagram of a corresponding apparatus. Similarly, when a figure is presented as a block diagram, it shouid be
understood that it also provides a flow diagram of a corresponding method/process.

[6132]  The implementations and aspects described herein may be implemented in, for example, a method
or a process, an apparatus, a software program, a data stream, or a signal. Even if only discussed in the
context of a single form of implementation {for example, discussed only as a method), the implementation of
faatures discussed can also be implemented in other forms {for example, an apparatus or program}. An

apparatus may be implemented in, for sxampls, appropriate hardware, software, and firmware. The msthods
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may be implemented in, for example, a processor, which refers fo processing devices in general, including, for
example, a compuier, a microprocessor, an integrated circuit, or a programmable logic device, Processors also
include communication devices, such as, for example, computers, cell phones, portable/personal digital
assistants ("FDAS"), and other devicss that facilifats communication of information betwsen end-usars.

[0133] Reference fo “one example” or “an example” or “one implementation” or “an implementation,” as well
as other variations thereof, means that a particular feature, structure, characteristic, and so forth described in
connection with the example is included in at least ons example. Thus, the appearances of the phrase “in ons
sxampls” or “in an example” or “in one implemantation” or “in an implementation,” as well any other variations,
appearing in various places throughout this application are not necessarily all referring to the sames example.
101341  Additionally, this application may refer fo “determining” various pieces of information. Determining the
information can include one or more of, for example, estimating the information, caloulating the information,
predicting the information, or refrisving the information from memory. Obtaining may include receiving,
refrieving, constructing, generating, and/or determining.

[01435]  Further, this application may refer {0 “accessing” various pisces of information. Accassing the
information can include one or more of, for example, receiving the information, retrieving the information (for
example, from memory}, storing the information, moving the information, copying the information, calculating
the information, determining the information, predicting the information, or estimating the information.

[0136] Additionally, this application may refer to “receiving” various pisces of information. Receving is, as
with “accessing,” intendad {o be a broad term. Receiving the information can include one or more of, for
example, accsssing the information, or retrieving the information {for example, from memory). Further,
‘receiving” is typically involved, in one way or ancther, during operations such as, for example, storing the
information, processing the information, fransmitting the information, moving the information, copying the
information, erasing the information, caloulating the information, determining the information, predicting the
information, or estimating the information.

04371 His o be appreciated that the use of any of the Tollowing /)" “andior,” and “at least one of” for
example, in the cases of “A/B.” “A andior B,” and “at lsast one of A and B is intended to encompass the
selection of the first listed option {A) only, or the selection of the second listed aption {B) only, or the selection
of both options (A and B}, As a further example, in the cases of *A, B, andior C7 and “atleast one of A B, and
C,” such phrasing is intended to encompass the selection of the first listed option {A) only, or the sslection of
the sscond listed option {B) only, or the selection of the third listed option (C} only, or the selection of the first

and the sscond listed options {A and B} only, or the selection of the first and third listed options {A and C) only,
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or the selection of the second and third listed options (B and C) only, or the selection of all three options (A and
B and C}. This may be extended, as is clear to one of ordinary skill in this and related arts, for as many items

as are listed.

[0138] Also, as used hersin, the word “signal” refers o, among other things, indicating somsthing o a
corresponding decoder. Encoder signals may include, for example, number of intensily intervals, number of
model values, grain parameters, grain identification, scaling factor, efc. In this way, in an example the same
parameter is used at both the encoder side and the decoder side. Thus, for example, an encoder can tfransmit
{expiicit signaling) a particular parameter to the decedesr so that the decodsr can use the same particular
parameter. Convarsaly, if the decodsr already has the particular parameter as well as others, then signaling
may be used without transmitting (implicit signaling} to simply allow the decoder to know and select the
particular paramster. By avoiding transmission of any actual functions, a bit savings is realized in various
examples. It is to be appreciated that signaling may be accomplished in a variely of ways. For sxampls, one or
more syntax elements, flags, and so forth are used fo signal information to a corresponding decoder in various
examples. While the preceding relates to the verb form of the word “signal,” the word “signal” can also be used
hersin as a noun.

[0138]  As will be evident to one of ordinary skill in the arl, implementations may produce a varisly of signals
formatied fo carry information that may be, for example, stored or fransmitted. The information can include, for
sxample, instructions for performing a method, or data produced by one of the described implementations. For
example, a signal may be formattad fo camry the bitstrsam of a described example. Such a signal may be
formatted, for sxample, as an elsctromagnetic wave (for example, using a radio frequency portion of spactrum)
or as a baseband signal. The formatling may include, for example, sncoding a data stream and modulating a
carrier with the encoded dala siream. The information that the signal carries may be, for example, analog or
digital information. The signal may be transmitied over a variety of different wired or wirsless links, as is known.

The signal may be stored on, or accessed or received from, a processor-readable medium.

101401  Many examples are described hersin, Features of examples may be provided alone orin any
combination, across various claim categories and types. Further, examples may include one or more of the
features, devices, or aspects described herein, alone or in any combination, across various claim categories
and fypes. For example, features described herein may be implemented in a bitstream or signal that includes
information generated as described herein, The information may allow a decoder fo decode a bitstream, the
encoder, bifstream, and/or decoder according fo any of the embodiments dascribed. For example, features

described herein may be implemented by creating and/or fransmiting and/or recelving and/or dacoding a
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bitstream or signal. For exampls, features described herein may be implemented a method, process,
apparatus, medium sforing instructions, medium storing data, or signal. For example, features described hersin
may be implemented by a TV, sef-top box, cell phone, tablet, or other electronic device that performs decoding.
The TV, set-top box, call phone, tablet, or other electronic device may display {e.q., using a monitor, scresn, or
other type of display} a rasulting image {2.9., an imags from residual reconstruction of the video bitstream}.
The TV, set-top box, call phone, tablet, or other electronic device may receive a signal including an encoded

image and parform decading.

{01411 FiGs. 5 and 6 illustrate example architectures for split inferences of a moedel {8.g., an artificial
intefligence {Al}) model) composed of n layers {e.g., layers 1...n} batween the network and a WTRU, A first
inference may process a first part of the Al model {e.g., layers 1..k}. A second inference may process a

second part of the Al modsl {a.q., layers k+1...n}.

101421 The architectures in FiGs. 5 and 6 illusirate the delivery and access functions of intermediate data
between the WTRU and the network for different scenarios {e.¢., two different scenarios). For example, if the
media data source originates from the WTRU, the first part of the inference may be performed in the WTRU. In
this case, the second part may be performed in the network. The resulling ouiput data may be sent back o the
WTRUL H the media data source comes from the network, or from the network via the WTRU, the first part of
the Al model may be parformed on the network side, In this case, the sscond part of the Al model may be
performed in the WTRUL

[0143] FiG. 5 llustrates a split inference between the WTRU and network, with the media data sourcs
originating from the WTRU. FIG. 6 lustrates a split inference betwesn the WTRU and network, with the media

data source originating from the network,

[0144] Among the different functions, the intermediate data delivery function may apply a serialization
technique {e.g., 1o encods the intermediats data oulput). An intermediate data access funclion may apply a
gorresponding deserialization technique {e.q., to obtain the infermediate data). A binary serialization may

fransform a data structure into a series of bytes for the infermeadiate data.

101451  The intermediate dala resulting from the first part of the Al model {e.g., coming from the WTRU, to
the network) may include muli-dimensional arrays or tensor{s). The fransmilted tensor{s) may feed a second

inference {e.¢., taking place in the network, respectively in the WTRU on another device),

[0146]  Atensor shape may be a tuple of positive integers. The size of the tuple may represent the

dimension of the tensor, A value (e.g., each value) may represent the size in a dimension {e.g., each
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dimension}. For example, a tensor of shape (1, 64, 112, 112) may describe a four-dimension array with 1, 64,

112, and 112 elements in each dimension, respectively.

161471  The output intermediate data dimension may be lost. The tensor shape may be different depending

on the split point. if the data is encoded to a binary bitstream, the fensor dimension may be lost.

[0148] Efficient defivery may be desired. A device may receive and process the intermediate data bitstream,
The spead at which the device processes the intermediats data bit stream may depend on a given frame rate

{e.g., the speed may be fast if a processing high frams rate input is used).

101481 Metadata may be transmitted. The metadata may include the tensor shaps(s} of the intermediate
data. This may enable the reconstruction of the intermediate tensor(s} from the decoded bitstream {s.g., with
the proper original intermediate data shape). The mstadata may be fransmitted i a band alongside the
bitstraam of the intermediate data. The metladata may be fransmitted out of band. For example, the metadata

rmay be carried in a specific control channel or through the same dala channsl as the intermediate data.

01501  Feature(s) associated with tensor shape metadata for encoded intermediate data are provided

harein.

101511 Afirst device may process a first part of the split Al model. The first device may encode the oulput
intermediate data. The first device may encode the tensor shape as metadata {e.g., alongside the bitstream of

the intermediate data). The first device may transmit the combined encoded bifstream to a second device.

[0152] The second device may receive the encoded bifstream. The second device may decode the
infermediate data and the metadata. The sscond device may exiract the tensor shape from the metadata. The
second device may reconstruct the intermediate data bitstream o s original tensor shape {s.g., before feeding

the intermediate data to the second part of the Al model}.
161531 The tensor shaps may be encoded using one or more encoding technigues or algorithms.

[G154] An encoding type may indicats which encoding technique/algorithm or tensor shape encading
structurs was used o encode the intermadiate data and/or the metadata. The encoding type may be a Boolean

{e.g., if there are only two possibls encoding types),

101351 The encoded shape may include a total length indication that indicates the total length of the
encoded structure {e.q., 4, as Hlustrated in FIG. 7). The encoded shape may include a payload with a list
including a sequence of unsigned integers {e.g., 1, 84, 64, 112 In FIG. 7). The encoded shape may include a
fist of unsigned integers [dimension number, value dimension 1, value dimension 2, ...} {eg., 4, 1, 64,62, 112

for a 4 four-dimension array with 1, 84, 64, and 112 elements in the respective dimensions).
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01561 FiG. 7 llustrates an example encoded fensor shape. In FIG. 7, the encoding type “X" means that the
tensor shape is encoded with bytes. The encoding type Y means that the tensor shape is encoded with
strings. In the examples shown in FIG. 7, the tensor shape is [1,64,64,64] {e.q., as indicated by the payload

portion of the encedad shaps).

81571  The encoding tachnigue or algorithm indication may be transmitted from the first devics to the
second device, For example, the sncoding tachnique or algorithm indication may be transmitted as metadata

alongside encoded intermediats data.

161581  In some sxamplss, the encodsd fensor may be fransmitted alongside the intermediate bitstream
{e.g., every fime that the intermediate data is transmitled). In some examples, the encoded tensor may be
fransmitted if the shaps changes (8.q., only when the shape changes). For example, some neural network
models {e.9., the Resnet family of deep neural network models) may have {e.¢., start with) several layers {e.g.,
convZd, BatchNorm2d 2, Relu_3). For example, a first layer may provide intermediate data with a shape {e.g.,
the same shape S1). Another layer {e.¢., the next layer, for example, maxPoll_4) may provide intermediate
data with a different shape {e.g., S2}. In some examples, an sncoded shape S1 may be transmitted with the
conv2d layer. In some examples, no encoded shape may be fransmitted with {BatchNorm2d _2, Relu_3). In
some examples, the encoded shape 52 may be transmitled before processing the maxPoll_4 layer.

01581 FiG. 8 llustrates an sxample change mode for sncoding a fensor shaps. As illustrated in FIG. §, an
encoding fype “C” may indicats that the tensor shaps is provided {e.q., only provided) if the tensor shape

changes. This may save bandwidth and increase computing sfficiency. The device raceiving the intermediate

data may keep frack of the current shape of the tensor.

161601  In some sxamplss, the metadata may include tensor information {e.g., detailed tensor information).

For example, the metadata may include a tensor structure identifisr, The tensor structurs identifier may identify
the tensor structure {8.g., the exact tensor structure) in uss {e.g., including the version of the tensor shructure).
A tensor structurs identification table may be shared and known by the devices {e.¢., both the transmitting and
receiving devices). The tensor structure identification table may be transmitted during a setup stage {e.g., from
sending control data between the devices). Table 1 Hlusirates an sxample of a tensor table with identifiers and

associated descriptions.

Identifier Deseription

i pytorch 2.0

2 tensor flow v2.13.0
3 numpy v1 .25
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Table 1. Example tensor table

[0161]  The metadata may include a fensor name. The tensor name may identify the tensor structure {e.g.,
the exact tensor structure) in use based on a string representation. For example, the tensor name may be

‘Pytorch. Tensor 2.07, “tensor flow v2.13.07, or “numpy v 25"

01621 In an example, the first device may fransmit tensor shaps metadata out of band. The tensor shaps
metadata may be carried in a control channel {s.g9., a specific control channal), The tensor shape metadata
may be carried through the data channel (g.q., the same data channel} as the intermediate data. The meladata

may not be synchronized and carried with intermediate data,

161631 FIG. 9 llustrates an example split inference betwesn a WTRU and a network. FIG. § illustrates an
example i which the media data source {e.qg., with tensor shaps metadata) is in the WTRU. In this case, the

WTRU may provide tensor shaps metadata to the network.

101641  FIG. 10 fllustrates an example split inference belween a WTRU and a network in which the media
data source {e.g., with tensor shape meladata) is in the neltwork. FIG. 10 Hlustrales an sxample in which the
network provides the tensor shape metadaia to the WTRU. FIG. 11 illustrates examples of the intermediate

data access and delivery funclions.

[3165] The intermediate data delivery function may be in the first device. The first device may recsive output
intermediate data {e.g., resulting from infarence of the first part of the Al model {e.q., a head part). The first
device may encode the tensor shape as metadata {e.g., according to a tensor shape structurs or algorithm).
The encoding algonithm may be a binary struclure, a binary serialization, or a textual serialization {e.g.,
avatiabls for the small data size). Ths first devics may encode the intermediate data as a bitstream (2.,
according to a bitstrsam structure). For example, the intermediate data may bs encoded as a bitstream of float
or intsger {e.g., inf}. Encoding a tensor may involve reshaping and/or flaltening the input mulli-dimensional
tensor into a one-dimension tensor. The tensor may be sncoded {8.g., may then be sncoded) according to a
binary structure {e.q., a pradefined binary structure). The binary serialization may be used for large blocks of

data {e.g., such as intermediale data, which may be several megabyles in size).

01661  Abinary serialization {e.¢., & single binary serialization) may comprise both data and metadata, The
serialization may be based on a compound structure {e.q., a predefined compound structure) for both data and

metadata,
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104671  The first device may send the shcoded bitstream {e.g., data and meiadata) to the sscond device. In
some examples, data and metadata bitstreams may be combined. In some examples, metadata may be

separated and sent independently {(e.q., out of band).

01681 The structure may be known {o the first device and the second devics {e.g., on both sender and
recaiver sides). The structure may be distributed or shared during a configuration stage. The structure may be
transmitied from one device to the other (e.g., at least bafore starting to encode and transmitling the encoded

data and metadata).

161691 The intermediate data access function may be in the second davice (e.g., the receiver device). The
second device may receive a data bilstream and matadata. The metadata may include at least the tensor
shape. The second device may decods the tensor shape metadata {e.q., according to the tensor shape
structure or algorithm) to obtain the tensor shape. The second device may decode the intermediate data
bitstream {e.¢., according to a bilstream struclure) to obtain the series of intermediate data bytes. The second
device may reconstruct the coriginal tensor from the series of intermediate data bytes. The reconstruction may
involve converting binary data fo a tensor, {e.q., to reshape the tensor into the indicated tensor shape). The
second device may provide the reshaped {e.¢., original} intermediate data to the inference processing the
second part of the Al model {e.q., the last part of the Al model, sometimes referred to as the tail part of the Al

model}.

81701 The size of the tensor shape may be used o computafreconstruct/dscode the received intermediate
data. Sending the tensor shape alongside the intermediate data bitstream may avoid providing and/or updating
tensor static shapss configurations for the trained moedsis {e.q., all of the trained modsls {0 be used). Ons or
mors frained moded {e.g., with the same name} may includs modified layer shapes. In this case, the inference

may not raise an efor.

61741 Although some features described hersin may be performed by a video codsc, one of ordinary skill in

the art will appreciate that these fealures ars not limited to the use of a video codec.

01721  Although features and elements are described above in parlicular combinations, one of ordinary ski
in the art will appreciate that each feature or element can be used alone or in any combination with the other
features and elements. In addition, the methaods described herein may be implemented in a computer program,
software, or firmware incorporated in a computer-readable medium for execution by a computer or processor,
Examples of computer-readable media include electronic signals {fransmitted over wirad or wireless
connections} and computer-readable storage media. Examples of computer-readable storage madia includs,

but are not fimited to, a read only memory {(ROM), a random access memory (RAM), a register, cache memory,
-32.
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semiconductor memory devices, magnetic media such as intemal hard disks and removable disks, magneto-
optical media, and optical media such as CD-ROM disks, and digital versatile disks {DVDs). A processor in
association with software may be used to implement a radio frequency transceiver for use in a WTRU, UE,

terminal, base station, RNC, or any host computer,
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CLAIMS

What is claimed:

1. A first device, comprising:
a processor configured to:
determine tensor metadata associated with intermediate data;
ancade the intermediate data and the tensor metadata associated with the intermediate data; and

send the encoded infermediate data and the sncoded tensor meladata fo a second devics,

2. The first device of claim 1, wherein the first device is associated with a first portion of an artificial intelligence
(Al} model, whersin the first porfion is an initial portion of the Al model, the second device is associated with a
second portion of the Al model, wherein the sscond porlion is g latter portion of the Al model, and the

processor is further configured 1o receive the intermediate data as an output of the first portion of the Al model.

3. The first device of claim 1 or 2, wherein the intermeadiate data is first intermediate data, the tensor metadata
is first tensor metadata indicative of a first tensor shape, and the procassor is further configured fo

determine a second tensor shape associated with second intermediate data, wherein the second
tansor shape is different from the first tensor shape;

encode the second intermediate data and sscond tensor metadata, wherein the second tensor
metadata is indicative of the second tensor shape; and

send the encaded second intermediate data and the encoded second tensor matadate fo the second

device.

4, The first device of claim 1 or 2, wherein the intermediate data is first intermediate data, the tensor metadais
is indicative of a fensor shape, and the processor is further configured to:

determine that second intermediate data is associated with the tensor shape;

encode the second intermediate data and an indication that the tensor metadata has not been included
bacause the tensor shape has not changed; and

send the encoded second intermediate data and the encoded indication o the second daevice,
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5. The first device of one of claims 1-4, whereln the tensor meladata is indicative of at least one of &

tensor shape, fensor structure information, a data type, or an encoding algorithm,

6. The first device of any one of claims 1-5, wherein the processor being configured fo encode the intermediate
data comprises the processor being configured to:
fransform a multi-dimensional tensor into a one-dimensional tensor;, and

encade the one-dimensional tensor in accordance with a binary sbructure.

7. The first devics of any one of claims 1-6, wherein the processor baing configured to send the encoded
intermediate data and the encoded tensor metadata fo the second device comprises the processor being
configured fo:

send the encoded infermediate data in a first band associated with a data channel; and

send the encoded tensor metadata in a second band associaled with a conrol channel.

8. The first device of any one of claims 1-7, wherein the processor being configured to encode the intermediate
data and the tensor metadata associated with the intermediate data comprises the procassor being configured
to genarate an encoded bitstrsam, wherein the encoded bifstream comprises the encodad intermediate data
and the encoded fensor metadata, and the processor being configured to send the encodad intermediate data
and the encoded tensor metadata fo the second device comprises the pracsssor being configurad o send the

encodad bilstream o the second devics,

4, The first device of any one of claims 1-8, wherein the first device is a wireless transmit/receive unit (WTRU)

or a network entity.

10. A first device, comprising:
a processor configured to:
receive encoded intermediate data and encoded tensor metadata from a second device;
decodes the encoded inlermediate data and the encoded tensor metadata; and

reconstruct a tensor based on the intermediate data and the fensor metadata.
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11. The first device of claim 10, whersin the second device is associated with a first portion of an artificial
intelligence {Al) model, whersin the first portion is an initial portion of the Al model, the first device is
associated with a second portion of the Al model, wherein the second portion is a latter portion of the Al model,
and the processor is further configurad 1o input the reconstructed tensor into the second portion of the Al

model.

12. The first device of claim 10 or 11, wherein the intermediate dala is first inlermediate data, the tensor
metadata is first tensor metadata indicative of a first tensor shape, the tensor is a first tensor, and the
processor is further configured {o

raceive encoded second intermediate data and encoded second tensor metadata from the second
device;

decode the encoded second infermediate data and the encoded second tensor metadata, wherein the
second tensor meladata is indicative of a second tensor shape; and

reconsiruct a second tensor based on the second intermediate data and the second fensor meladata.

13. The first device of claim 10 or 11, wherein the inlermediate dala is first intermadiate data, the tensor
metadata is indicative of a tensor shape, and the processor is further configured fo:

receive encoded second intermadiate data and an encoded indication that the tensor metadata has not
been included because the tensor shaps has not changed;

decade the encoded second intermediate data and the indication; and

determine that the second intermadiate data is associated with the tensor shaps based on the

indication.

14, The first device of one of claims 10-13, wherein the fensor metadata is indicative of at least one of a

tansor shape, tensor siructure information, a data type, or an encoding algorithm,

15. The first device of any one of claims 10-14, wherein the processor being configured fo decode the encoded
intermediate data comprises the processor being configured to;
fransform a one-dimensional tensor into a multi-dimensionsa! tensor;, and

decods the multi-dimensional tensor in accordancs with a binary struclure,
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16. The first device of any one of claims 10-15, wherein the processor being configured to receive the encoded
intermediate data and the shcoded tensor meladata from the second device comprises the processor being
configured to:

receive the encoded intermediate data in a first band associated with a data channel and

receive the encoded fensor metadata in a second band associated with a control channel,

17. The first device of any one of claims 10-18, whersin the processor being configured fo receive the encoded
intermediate data and the sncoded tensor metadata from the sscond device comprises the procassor bsing
configured fo receive an encoded bitstream from the second device, wherein the sncoded bitstream comprises
the encoded intermediate data and the encoded tensor metadata, and the processor being configured to
decods the encoded infermediate data and the encoded tensor metadata comprises the processor being

configured to decode the encoded bitstream.

18. The first device of any one of claim 10-17, wherein the processor being configured o decode the encoded
intermediate data and the shcoded tensor meladata comprises the procassor being configured fo decode one
or mors of;

the encoded tensor metadata according to a tensor shape siructurs or algorithm o obtain the tensor
shape; or

the enceded intermadiate data according {o a bitstream structure to obtain a seriss of intermadiate

data bytes.

19. The first device of any one of claims 10-18, whersin the processor being configured fo reconstruct the
fensor based on the intermediate data and the tensor metadata comprises the processor being configured to:
convert binary data, in the intermediate data, to tensor data; and

reshape the tensor o an original tensor shape based on the tensor dala and the tensor metadata.

20. The first device of any one of claims 10-19, wherein the first device is a wireless transmitirsceive unit
(WTRU) or a network entity.

21. A method, performed by a first device, comprising:

determining tensor metadata associated with intermediate dats;
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encoding the infermediate data and the tensor meladata associaled with the infermediate data; and

sending the encodad intermediate data and the encoded tensor metadata {o a second device.

22. The method of claim 21, whersin the first device is associated with a first portion of an artificial intelligence
{Al} model, whersin the first portion is an initial portion of the Al model, the sscond device is associatad with a
second portion of the Al model, wherein the sscond portion is a latter portion of the Al model, and the method

further comprises recelving the intermediate data as an oulput of the first porion of the Al madel.

23. The method of claim 21 or 22, wherein the intermediate data is first intermediate data, the tensor metadata
is first tensor metadata indicative of a first fensor shape, and the method further comprises:

determining a second fensor shape associated with second intermediate data, whersin the second
fensor shaps s different from the first tensor shape;

encoding the second infermediate data and second fensor metadata, wherein the second tensor
metadata is indicative of the second tensor shape; and

sending the encodad second intermediate data and the encoded second tensor metadata fo the

second device.

24. The method of claim 21 or 22, whereln the intermediate data is first intermediate data, the tensor metadata
is indicative of a fensor shaps, and the method further comprises:

determining that second intermediate data is associated with the tensor shaps;

encoding the second intermediate data and an indication that the tensor matadata has not been
included because the fensor shape has not changed, and

sending the encoded second intermediate data and the encoded indication fo the second device.

25. The method of one of claims 21-24, wherein the lensor metadata is indicative of al leastone of: &

tensor shape, fensor structure information, a data type, or an encoding algorithm,
25. The method of any one of claims 21-25, wherein encoding the intermediate dala comprises:

fransforming a multi-dimensional tensor into a one-dimensional tensor; and

encoding the one-dimensional fensor in accordance with a binary structure,

- 38 .



WO 2025/019249 PCT/US2024/037509

27. The method of any one of claims 21-26, wherein sending the encoded intermediate data and the encoded
tensor metadata to the second device comprisas:
sending the encoded intermediate data in a first band associated with a dala channel and

ssnding the encodad tensor metadata in a second band associated with a control channel.

28. The method of any ons of claims 21-27, wharein encoding the intermediate data and the tensor metadata
associated with the intermediate data comprises generating an encoded bitstream, wherein the sencoded
bitstraam comprises the encoded intermediate data and the encoded tensor metadata, and sending the
encedad intermediate data and the sncoded tensor metadata (o the second device comprises sending the

encoded bitstream o the second device.

29. The method of any one of claims 21-28, wherein the first device is a wireless transmitfreceive unit (WTRU)

or a nefwork entity.

30. A method, performed by a first device, comprising:
receiving encoded intermediate data and encoded tensor metadata from a sscond device;
decoding the encoded intermediate data and the encoded tensor metadata; and

reconstructing a tensor bassd on the intermediate data and the fensor meladata.

31. The msthod of claim 30, wherein the second devics is associated with a first portion of an artificial
intefligence {Al} model, whersin the first portion is an initial portion of the Al model, the first device is
associated with a second portion of the Al model, wherein the second portion is a latier portion of the Al model,

and the method further comprises inputting the reconstructed tensor info the second portion of the Al model.

32. The method of claim 30 or 31, whereln the intermediate data is first intermediate data, the tensor metadata
is first tensor meladata indicative of a first tensor shape, the tensor is a first tensor, and the method further
ComMprises;

raceiving encoded second intermediate data and encoded second tensor metadata from the second
device;

decoding the encoded second intermadiate data and the encoded second fensor metadata, wherein

the second tensor metadata is indicative of a sscond tensor shaps; and
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reconstructing a second tensor based on the second intermediate data and the second tensor

metadata,

33, The method of claim 30 or 31, whersin the intermadiate data is first intermediate data, the tensor nmetadatla
is indicative of a tensor shape, and the method further comprises:

raceiving encoded second intermediate data and an encoded indication that the fensor metadata has
not been included because the tensor shape has not changed;

decoding the encoded second intermadiate data and the indication; and

determining that the second intermediate dala is associated with the tensor shape based on the

indication.

34. The method of one of claims 30-33, wherein the tensor metadais Is indicative of at least one of &

tensor shape, fensor structure information, a data type, or an encoding algorithm,

35. The method of any one of claims 30-34, wherein decoding the encoded intermediate data comprises:
fransforming a one-dimensional tensor infe a multi-dimensional tensor; and

decoding the mulli-dimensional tensor in accordance with a binary structure.

36. The method of any one of claims 30-35, wherein receiving the sncoded intermediats data and the encoded
tensor metadata from the sscond device comprises:
raceiving the encoded intermediats data in a first band associated with a data channel, and

receiving the encoded fensor mefadata in a second band associated with a conirol channsl

37. The method of any one of claims 30-36, wherein receiving the encoded intermediate data and the encoded
fansor metadata from the second device comprises receiving an encoded bifstream from the second device,
wherain the encoded bitstream comprisas the encoded intermediate dala and the encoded tensor metadats,
and decoding the encoded intermediate data and the encoded tensor metadata comprises decoding the

encoded bitstream.

38. The method of any ons of claim 30-37, whersin decoding the encoded intermediats data and the encoded

tensor metadata comprises decoding one or more of.

- 40 -



WO 2025/019249 PCT/US2024/037509

the encoded tensor metadata according to a fensor shape struciure or algorithm fo obtain the tensor
shape; of
the encoded intermediate data according to a bitstream structure to oblain a series of intermediate

data bytes.

38, The method of any one of claims 30-38, wherein reconstructing the tensor based on the intermediate data
and the tensor metadata comprises:
converting binary data, in the intermediate data, {o tensor date; and

reshaping the tensor to an original tensor shape based on the tensor data and ths tensor metadata.

40. The method of any one of claims 30-38, wherein the first device is a wirsless transmit/recsive unit (WTRU)

or a network entity.
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