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METHODS AND APPARATUS FOR BETERMINING TRANSPORT BLOCK
SIZE IN WIRELESS COMMUNICATION

CROSS-REFERENCE TO RELATED APPLICATIONG)

(8081} This application clatms priority to and the benefit of non-provisional patent
application no. 16/192,697 filed in the United States Patent and Trademark Office on
November 15, 2018 and provisional patent application no. 62/588,137 filed in the
United States Patent and Trademark Office on November 17, 2017, the entire contents
of which are incorporated herein by reference as if fully set forth below in their entirety

and for all applicable purposes.

TECHNICAL FIELD
16662} The technology discussed below relates generally to wireless commumication
systems, and more particularly, a procedure for determining a transport block size of

data in wireless compunication.

INTRODUCTION
[6003) In wireless communication, a device may process data for transmission through
a network or protoco] stack including a packet data compression protocel (PDCP) layer,
a radio link control (RLC) laver, a media access control (MAC) layer, and a physical
(PHY) layer. The MAC layer selects the modulation and coding scheme (MCS) that
configures the PHY layer. The MAC layer data provided to the PHY layer may be
called a transport block (TB). In some networks, the size of a TB is not fixed and may
depend on various factors such as the configured MCS and avatlable time-frequency
resources of the network. A transport block size (TBS) refers to the number of bits that
can be carried in a TB. A TB may be segmented into multiple code blocks for enceding.

A code block size (CBRS) refers to the number of bits carned in a code block (CB).

BRIEF SUMMARY OF SOME EXAMPLES
16064} The following presents a simplified summary of one or more aspects of the
present disclosure, in order to provide a basic understanding of such aspects. This

summary is not an e¢xtensive overview of all contemplated features of the disclosure,
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and 1s intended neither to dentify key or critical elements of all aspects of the disclosure
nor to delineate the scope of any or all aspects of the disclosure. Its sole purpose is to
present some concepts of one or more aspects of the disclosure in a simplified form as a
prefude to the more detailed description that is presented later.

16005] One aspect of the disclosure provides a method of transmitting data m a
transport block (TB) i wireless communication. A wireless device determines a
maxinmum code block size (Kw), 2 transport block level cyclic redundancy check size
(Ltecre), 8 code block level cyclic redundancy check size (Lepere). The wireless
device further deternunes a number of code blocks associated with the TB based on the
K, Lroere, and Lopore. The wireless device further determines a code block size
based on the number of code blocks. Then the wireless device determines a transport
block size (TBS) of the TB m a single pass as a function of the determined K, Lip cres
Lercre, number of code blocks, and code block size. The wireless device transmits the
TB with the data based on the determined TBS.

16666] Another aspect of the disclosure provides a method of transmitting data in a
transport block (TB) in wireless communication. A wireless device deternmunes a
transport block size (TBS) of the TB in a non-recursive procedure based on a plurality
of parameters. The plurality of parameters include 8 maximum code block size (Ko}, a
transport block level cyclic redundancy check size (Lyscnre), 8 code block level cycelic
redundancy check size (Lepore), a number of code blocks associated with the TB, and a
code block size K. The wireless device transmits the TB with the data based on the
determined TBS.

16647} Another aspect of the disclosure provides an apparatus of wireless
communication. The apparatus includes a communication interface configured to
transmit data in a transport block (TB), a memory stored with executable code, and a
processor operatively coupled with the communication interface and the memory. The
processor is configured by the executable code to determine a maximum code block size
(K., a transpoit block level eyclic redundancy check size (Lo cre), @ code block level
cychic redundancy check size {Lencne). The processor is further configured to
determine a number of code blocks associated with the TB based on the Kg, Lisere,
and Lep cre. The processor is further configured to determine a code block size based on
the number of code blocks. Then the processor is configured to determine a transport

block size (TBS) of the TBH in a single pass as a function of the determined Ku,, Lm.ore
5 : S
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Lepere, number of code blocks, and code block size. The processor s further
configured to transmit the TB with the data based on the determined TBS.

[60G8] Another aspect of the disclosure provides an apparatus of wircless
commmunication. The apparatus inchludes a conununication interface configured fo
transmit data in a transport block (TB), a memory stored with executable code, and a
processor operatively coupled with the communication interface and the memory. The
processor is configured by the executable code to determine a transport block size

(TBS) for the TB in a non-recursive procedure based on a plurality of parameters. The
plurality of parameters include a maxsmum code block size, a transport block level
cychic redundancy check size, a code block level cyclic redundancy check size, a
number of code blocks associated with the TB, and a code block size. The processor is
further configured to transmit the TB with the data based on the determined TBS.

[8089] Another aspect of the disclosure provides an apparatus of wireless
communication. The apparatus includes means for determining a maximum code block
size of a transport block (TB), a transport block fevel cyclic redundancy check size, and
a code block level cyclic redundancy check size. The apparatos further includes means
for determining a number of code blocks associated with the TB based on the maximum
code block size, transport block level cychic redundancy check size, and code block
level cyclic redundancy check size. The apparatus further includes means for
determining a code block size based on the number of code blocks. The apparatus
further includes means for determining a transport block size (TBS) for the TB in a
single pass as a function of the determined maxinmum code block size, transport block
fevel cychc redundancy check size, code block level cyche redundancy check size,
number of code blocks, and code block size. The apparatus further includes means for
transmitting the TB with the data based on the determined TBS.

[6018] These and other aspects of the mvention will become more fully understood
upon a review of the detailed description, which follows. Other aspects, features, and
embodiments will become apparent to those of ordinary skill in the art, upon reviewing
the following description of specific, exemplary embodiments n conjunction with the
accompanying figures. While features may be discussed relative to certain embodiments
and figures below, all embodiments can inchuide one or more of the advantageous

features discussed herein. In other words, while one or more embeodiments may be

discussed as having certain advantageous featurcs, one or more of such features may

also be used In accordance with the various embodiments discussed herein. In a sinular
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fashion, while exemplary embodiments may be discussed below as device, system, or
method embodiments it should be understood that such exemplary embodiments can be

implemented in various devices, systems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

18611} FIG. 1 is a conceptual diagram illustrating an example of a radio access network.
16012} FIG. 2 1s a block diagram conceptually illustrating an example of a scheduling

entity commmunicating with one or more scheduled entities according to some aspects of
the present disclosure.

{8013 FIG. 3 illustrates an example of a wireless communication aystem supporting
multiple-input multiple-cutput (MIMO).

8014} FIG. 4 is a schematic diagram illustrating an organization of wireless resources
i an air interface utilizing orthogonal freguency divisional multiplexing (OFDM).
16015} FIG. 5 18 a block diagram conceptually illustrating an example of a bhardware
implementation for a scheduling entity according to some aspects of the disclosure.
18016} FIG. 6 is a block diagram conceptually illustrating an example of a hardware
mplementation for a scheduled entity according to some aspects of the disclosure.
[B8017] FIG. 7 is a flow chart illustrating an exemplary process for determining a
transport block size (TBS) using an equation in a single pass according to some aspects

of the present disclosure.

16018} FIG. 8 is a flow chart illustrating an exermoplary process for determining a
maximum code block size according to some aspects of the present disclosuare.

18019} FIG. 9 is a flow chart illustrating an exemplary process for determining a cyclic
redundancy check size for a transport block according to some aspects of the present
disclosure.

18620} FIG. 10 is a flow chart illustrating an exemplary process for determining a cyclic

redundancy check size for a code block according to some aspecis of the present

disclosure.
DETAILED DESCRIPTION
18021} The detailed description set forth below in connection with the appended

drawings is intended as a description of various configurations and is not intended to
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epresent the only configurations n which the concepts described herein may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of various concepts. However, it will be apparent to those
skilled in the art that these concepts may he practiced without these specific details. In
some instances, well-known structures and components are shown in block diagram
form in order to avoid obscuring such concepts.

16622} While aspects and cmbodiments are described in this application by illustration
to some examples, those skilled in the art will understand that additional
implementations and use cases may come about i many different arrangements and
scenarios. Innovations described herein may be implemented across many differing
platform types, devices, systerns, shapes, sizes, packaging arrangements. For example,
embodiments and/or uses may come about via integrated chip embodiments and other
non-modale-component based devices {(e.g., end-user devices, vehicles, communication
devices, computing devices, industrial equipment, retail/purchasing devices, medical
devices, Al-enabled devices, ete.). While some examples may or may not be specifically
directed to use cases or applications, a wide assortment of applicability of deseribed
mnovations may occur. Implementations may range a spectrum from chip-level or
modular components to non-modular, non-chip-level implementations and further to
aggregate, distributed, or OEM devices or systems incorporating one or more aspects of
the described inmovations. In some practical settings, devices incorporating described
aspecis and features may also necessarily nclude additional corponents and features
for implementation and practice of claimed and described embodiments. For example,
transmission and reception of wireless signals necessanly includes a number of
components for analog and digital purposes {e.g., hardware components mchiding
antenna, RF-chains, power amplifiers, modulators, buffer, processor(s), interleaver,
adders/sunmmers, ete.). It is miended that innovations described herein may be practiced
m a wide variety of devices, chip-level components, systems, distributed arrangements,
end-user devices, eic. of varying sizes, shapes and constitution.

16623] In next-generation networks like 5G New Radio (NR), communication resource
allocation 1s more flexible to handle diverse types of wireless comunication devices
and services, In current commumication networks like Long-term Evolution (LTE), a
wireless conumunication device may use s transport block size (TBS) table to determine

the TBS. However, such approach may result in an undesirably large TBS table due to



WO 2019/099940 PCT/US2018/061676

various slot configurations, demodulation reference signal (DMRS) assumptions, use of
control resources, and many other flexibilities provided in next-generation networks.

186024} Some aspects of the present disclosure provide apparatuses and methods for
determining a transport block size (TBS) as a function of various parameters without
cyclic dependencies between the parameters and TBS. The disclosed function can
determine a TBS in a single pass, and the determined TBS allows the use of code blocks
with equal code block size (CBS) in a transport block segmentation process. In addition,
the determined TBS provides byte-aligned code block lengths and requires no padding
bits in a transport block.

[6625] he various concepts presented throughout this disclosure may be implemented
across a broad varicty of telecommunication systems, network architecturcs, and
communication standards. Referrmg now to FIG. 1, as an illustrative example without
Hmitation, various aspects of the present disclosure are illustrated with reference to a
wireless communication system 100. The wireless communication system 100 includes
three interacting domains: a core network 102, a radio access network (RAN)Y 104, and a
user equipment (UE) 106. By virtue of the wireless communication system 100, the UE
106 may be enabled to carry out data communication with an external data network 110,
such as {but not himited to} the internet.

[8026] The RAN 104 may imoplement any suitable wireless communication technology
or technologies to provide radio access to the UE 106. As one example, the RAN 104
may operate according to 3™ Generation Partnership Project (3GPP) New Radio (NR)
specifications, often referred to as 5G. As another example, the RAN 104 may operate
under a hybrid of 5G NR and Evolved Universal Terrestrial Radio Access Network
{(eUTRAN) standards, often referred to as LTE. The 3GPP refers to this hybrid RAN as
a nexi-generation RAN, or NG-RAN. Of course, many other examples may be utilized
within the scope of the present disclosure.

(6027} As illustrated, the RAN 104 includes a phirahity of base stations 108. Broadly, a
base station is a network element in a radic access network responsible for radio
transmission and reception i one or more cells to or from a UE. In different
technologies, standards, or contexts, a base station may variously be referred to by those
skilled in the art as a base transceiver station (BTS), a radio base station, a radio
transceiver, a transceiver function, a basic service set (BSS), an extended service set
(ESS), an access point (AP), a Node B (NB), an eNode B (eNB), a gNode B (gNB), or

some other suitable terminology.
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16628} The radio access network 104 is firther illustrated supporting wireless
communication for multiple mobile apparatuses. A mobile apparatus may be referred to
as user equipment {UE) in 3GPP standards, but may also be referred to by those skilled
in the art as a mobile station (MS), a subscriber station, a mobile unit, a subscriber unit,
a wireless onit, a remote unit, a mobike device, a wireless device, a wireless
communications device, a remote device, a mobile subscriber station, an access terminal
{AT), a mobile terminal, a wireless terminal, a remote terminal, a handset, a terminal, a
user agent, a mobile client, a chient, or some other suitable terminology. A UE may be
an apparatus {(e.g., a mobile apparatus) that provides a user with access to network
services.

18029} Within the present document, a “mobile” apparatus need not necessarily have a
capability to move, and may be stationary. The term mobile apparatus or mobile device
broadly refers to a diverse array of devices and technologies. UEs may nclude a mumber
of hardware structural components sized, shaped, and arranged to help in
communication; such components can include antennas, antenna arrays, RF chains,
amplifiers, one or more processors, ctc. electrically coupled to each other. For example,

some non-hmiting examiples of a mobile apparatus mchude a mobile, a cellular (cell)

phone, a smart phone, a session inifiation protocol (51P) phone, a laptop, a personal
computer (PC), a notebook, a netbook, a smartbook, a tablet, a personal digital assistant

{(PDA}, and a broad array of embedded systems, e.g., corresponding to an “hternet of

things” (10T} A mobile apparatus may additionally be an automotive or other

transportation vehicle, a remote sensor or actuator, a robot or robotics device, a satellite

radio, a global positioning system (GPS) device, an object tracking device, a drone, a

multi-copter, a gquad-copter, a remote control device, a consumer and/or wearable

device, such as eyewear, a wearable camera, a virtual reality device, a smart watch, a

health or fitness tracker, a digital audio player {c.g., MP3 plaver), a camera, a game

console, ctc. A mobile apparatus may additionally be a digital home or smart home
device such as a home audio, video, and/or multimedia device, an appliance, a vending
machineg, mtelligent lighting, a home seccurity system, a smart meter, etc. A mobile
apparatus may additionally be a smart energy device, a security device, a solar panel or
solar array, a municipal mfrastractare device controlling electric power {e.g., a smart
grid), highting, water, etc.; an industrial automation and enterprise device; a logistics
controller; agricultural equipment; military defense equipment, vehicles, aircraft, ships,

and weaponry, ctc. Still further, a mobile apparatus may provide for connected medicine
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or telernedicine support, e.g., health care at a distance. Telehealth devices may include
telehealth monitoring  devices and  telehealth  administration  devices, whose
communication may be given preferential treatment or prioritized access over other
types of mformation, e.g., in terms of priovitized access for transport of critical service
data, and/or relevant QoS for transport of critical service data.

[6836] Wireless communication between a RAN 104 and a UE 106 may be described as
utilizing an air interface. Transmissions over the air mterface from a base station (e.g.,
base station 108) to one or more UEs {e.g., UE 106) may be referred to as downlink
(DL} transmission. In accordance with certain aspects of the present disclosure, the term
downlink may refer to a poimt-to-multipoint transmission originating at a scheduhing
entity {described further below; e.g., base station 108). Another way to describe this
scheme may be to use the term broadcast channel multiplexing. Transmissions from a
UE {e.g., UE 106} to a base station {2.g., base station 108) may be referred to as uplink
(UL} transmissions. In accordance with further aspects of the present disclosure, the
term uplink may refer to a point-to-point transmission originating at a scheduled entity
(described further below; e.g., UE 106}

o~
-2}

{6631} In some examples, access to the air mterface may be scheduled, wherein a
scheduling entity {e.g., a basc station 108) allocates resources for communication

among some or all devices and equipment within its service area or cell. Within the

present disclosure, as discussed further below, the scheduling entity may be responsible

for scheduling, assigning, reconfiguring, and releasing resources for one or more
scheduled entities. That is, for scheduled commmunication, UJEs 106, which may be
scheduled entities, may utilize resources allocated by the scheduling entity 108.

[6632] Base stations 108 are not the only entities that may function as scheduling
entitics. That is, in some cxamples, a UE may function as a scheduling entity,

scheduling resources for one or more scheduled entitics (e.g., one or more other UEs),

[6033] As illustrated in FIG. 1, a schedulimg entity 108 may broadeast downlink traffic
112 to one or more scheduled entities 106. Broadly, the scheduling entity 108 is a node

or device responsible for scheduling traffic in a wireless communication network,
mnchiding the downlink traffic 112 and, m some examples, uphnk traffic 116 from one
or more scheduled entities 106 to the scheduling entity 108. On the other hand, the
scheduled entity 106 is a node or device that receives downlink control information 114,

ncluding but not limited to scheduling information (e.g., s grant), synchronization or
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timing nformation, or other control information from another entity in the wireless
communication network such as the scheduling entity 108.

16034 In general, base stations 108 may include a backhaul interface for
communication with a backhaul portion 120 of the wircless comnunication system. The
backhaul 120 may provide a link between a base station 108 and the core network 102.
Further, in some examples, a backhaul network may provide interconnection between
the respective base stations 108. Various types of backhaul interfaces may be employed,
such as a direct physical connection, a virtual network, or the like using any suifable
transport network,

[6635] he core network 102 may be a part of the wireless communication system 100,
and may be mdependent of the radio access technology used m the RAN 104, in some
examples, the core network 102 may be configured according to 5G standards {¢.g.,
SGC). In other examples, the core network 102 may be configured according to a 4G
evolved packet core (EPC), or any other suitable standard or configuration.

16636] Referring now to FIG. 2, by way of exarople and without Hmitation, a schematic
illustration of a RAN 200 is provided. In some examples, the RAN 200 may be the same
as the RAN 104 described above and illustrated in FIG. 1. The geographic area covered
by the RAN 200 may be divided into cellular regions (cells) that can be uniquely
wdentified by a user equipment (UE) based on an identification broadcasted from one
access point or base station. FIG. 2 illustrates macrocells 202, 204, and 206, and a small
cell 208, each of which may include one or more sectors {not shown). A sector is a sub-
area of a cell. All sectors within one cell are served by the same base station. A radio
link within a sector can be wdentified by a single logical identification belonging to that
sector. It a cell that is divided into sectors, the multiple sectors within a cell can be
formed by groups of antennas with each antenna responsible for comnunication with
LjEs in a portion of the cell.

[6837] {n FIG. 2, two base stations 210 and 212 are shown in cells 202 and 204; and a
third base station 214 is shown controlling a remote radio head (RRH) 216 in cell 206,
That is, a base station can have an integrated antenna or can be connected to an antenna
or RRH by feeder cables. In the illustrated example, the cells 202, 204, and 126 may be
referred to as macrocells, as the base stations 210, 212, and 214 support cells having a
large size. Further, a base station 218 is shown in the small cell 208 {e.g., a microcell,
picocell, femtocell, home base station, home Node B, home ¢Node B, ctc.) which may

overlap with one or more macrocells. In this example, the cell 208 may be referred to as
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a small cell, as the base station 218 supports a cell having a relatively small size. Cell
sizing can be done according to system design as well as component constraints.

18038} It is to be understood that the radio access network 200 may include any number
of wireless base stations and cells. Further, a relay node may be deployed to extend the
size or coverage area of a given cell. The base stations 210, 212, 214, 218 provide
wireless access points to a core network for any number of mobile apparatuses. In some
examples, the base stations 210, 212, 214, and/or 218 may be the same as the base
station/scheduling entity 108 described above and illustrated o FIG. 1.

16039} FIG. 2 further includes a quadcopter or drone 220, which may be configured to
function as a base station. That is, in some examples, a cell may not necessarily be
stationary, and the geographic arca of the cell may move according to the location of a
mobile base station such as the quadcopter 220.

[8046] Within the RAN 200, the cells may include UEs that may be in communication
with one or more sectors of each cell. Further, each base station 210, 212, 214, 21€, and
220 may be configured to provide an access point to a core network 102 (see FIG. 1) for
all the UEs m the respective cells. For example, UEs 222 and 224 wmay be in
communication with base station 210; UEs 226 and 228 may be in commmumication with
base station 212; UEs 230 and 232 may be in conununication with base station 214 by
way of RRH 216; UE 234 may be in commuication with base station 218; and UE 236
may be in communication with mobile base station 220. In some examples, the UEs
222,224, 226, 228, 230, 232, 234, 236, 238, 240, and/or 242 may be the same as the
UkE/scheduled entity 106 described above and illustrated in FIG, 1.

16041} In some examples, a mobile network node {(e.g., quadeopter 220) may be
configured to function as a UE. For example, the guadeopter 228 may operate within
cell 202 by communicating with base station 210.

18042} in a further aspect of the RAN 200, sidelink signals may be used between UEs
without necessarily relying on scheduling or control information from a base station.
For example, two or more UEs (e.g., UEs 226 and 228) may comnwunicate with cach
other using peer to peer (P2P) or sidelink signals 227 without relaying that
communication through a base station (e.g., base station 212}. In a further example, UE
238 1s illustrated communicating with ULs 240 and 242. Here, the UE 238 may function
as a scheduling entity or a primary sidelink device, and UEs 240 and 242 may function
as 2 scheduled entity or a non-primary (e.g., secondary) sidelink device. In still another

example, a UE may function as a scheduling entity in a device-to-device (D2D), peer-
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to-peer (P2P), or vehicle-to-vehicle (V2V) network, and/or in a mesh network. In a
mesh network example, UEs 240 and 242 may optionally communicate directly with
one another in addition to commumicating with the scheduling entity 238. Thus, it a
wireless conmmunication system with scheduled access to time—frequency resources and
having a cellular configuration, a P2ZP configuration, or a mesh counfiguration, a
scheduling entity and one or more scheduled entities may communicate utilizing the
scheduled resources.

16043 in the radio access network 200, the ahility for a UE to comumunicate while
moving, independent of its location, 15 referred to as mobility. The various physical
channels between the UE and the radio access network are generally set up, maintained,
and released under the control of an access and mobility management function (AMF,
not ithustrated, part of the core network 102 in FIG. 1), which may mclude a security
context management function (SCMF) that manages the security context for both the
contro] plane and the user plane functionality, and a security anchor function (SEAF)
that performs authentication.

[0044] in various aspects of the disclosure, a radio access network 200 may utilize DL-
based mobility or UL-based mobility to enable mobihity and handovers (i.¢., the transfer
of a UE’s connection from oune radio channel to another). In a network configured for
Di-based mobility, during a call with a scheduling entity, or at any other time, a UE
may monitor various parameters of the signal from its serving cell as well as various
parameters of neighboring cells. Depending on the guality of these parameters, the UE
may mamtain ¢ommnunication with one or more of the neighboring cells. During this
time, if the UE moves from one cel to another, or 1f signal quality from a neighboring
cell exceeds that from the serving cell for a given amount of time, the UE may
undertake 2 handoff or handover from the serving cell to the neighboring (target) cell.
For example, UE 224 (illustrated as a vehicle, although any suitable form of UE may be
used) may move from the geographic area corresponding to its serving cell 202 to the
geographic areca corresponding to a neighbor cell 206. When the signal strength or
guality from the neighbor cell 206 exceeds that of ifs serving cell 202 for a given
amount of time, the UE 224 roay transnut a reporting roessage to 1t serving base station
210 indicating this condition. In response, the UE 224 may receive a handover
command, and the UE may undergo a handover to the celi 206.

18045] in a network configured for Ul-based mobility, UL reference signals from each

UE may be utilized by the network to select a serving cell for each UE. fn some
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examples, the base stations 210, 212, and 214/216 may broadcast unified
synchronization signals (e.g., unified Primary Synchronization Signals (P5Ss), unified
Secondary Synchronization Signals (S58s) and unified Physical Broadcast Channels
(PBCH)). The UEs 222, 224, 226, 228, 230, and 232 may receive the unified
synchronization signals, derive the camer frequency and slot timing from the
synchronization signals, and in response to deriving timing, transmit an uplink pilot or
reference signal. The uplink pilot signal transmitted by a UE {e.g., UE 224} may be
concurrently received by two or more cells {e.g., base stations 210 and 214/216) within
the radio access network 200. Each of the cells may measure a strength of the pilot
signal, and the radio access network {e.g., one or more of the base stations 210 and
214/216 and/or a central node within the core network) may determine a serving cell for
the UE 224, As the UE 224 moves through the radio access network 200, the network

may continue to monitor the uplink pilot signal transmitted by the UE 224, When the

=3

signal strength or quality of the pilot signal measured by a neighboring cell exceeds tha
of the signal strength or quality measured by the serving cell, the network 200 may
handover the UE 224 from the serving cell to the neighboring cell, with or without
mforming the UE 224,

18046} Although the synchronization signal fransmitted by the base stations 210, 212,
and 214/216 may be unified, the synchromzation signal may not identify a particular
cell, but rather may identify a zone of multiple cells operating on the same frequency
and/or with the same timing. The use of zones in 5G networks or other next-generation
communication networks enables the uplink-based mobility framework and improves
the efficiency of both the UE and the network, since the number of mobility messages
that need to be exchanged between the UE and the network may be reduced.

16647} In various implementations, the air interface in the radio access network 200
may utilize heensed spectrum, unlicensed spectrum, or shared spectrum. Licensed
spectrum provides for exclusive use of a portion of the spectrum, generally by virtue of
a mobile network operator purchasing a license from a government regulatory body.
Unlicensed spectrum provides for shared use of a portion of the spectrum without need
for a government-granted license. While compliance with some technical rules is
generally still required to access unlicensed spectrum, generally, any operator or device
may gain access. Shared spectrum may fall between licensed and unhicensed spectrum,
wherein technical rules or Bmitations may be required to access the spectrum, but the

spectrum may stilf be shaved by multiple operators and/or multiple RATs. For example
o o 5
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the holder of a Hcense for a portion of licensed spectrum may provide lcensed shared
access (L3A)} to share that spectrum with other parties, e.g., with suitable licensece-
determined conditions to gain access.

[6048] The air interface i the radic access network 200 may utilize one or more
duplexing algorithms. Duplex refers to a point-to-point comvnmunmication hink where both
endpoints can commmunicate with one ancther in both directions. Full duplex means both
endpoints can simultaneously communicate with one another. Half duplex means only
one endpoint can send information to the other at a time. In a wircless ink, a full duplex
channel generally relies on physical isolation of a transmitter and receiver, and suitable
mterference cancellation technologies. Full duplex emulation s frequently implemented
for wircless links by utilizing frequency division duplex (FDD) or time division duplex
(TDD). In FDD, transmissions in different directions operate at different carrier
frequencies. In TDD, transmissions in different directions on a given channel are
separated from one another using time division multiplexing. That is, at some times the
channel is dedicated for transmissions in one direction, while at other times the channel
is dedicated for transmussions m the other direction, where the direction may change
very rapidly, e.g., several times per slot.

[6049] in some aspects of the disclosure, the schedubing entity and/or scheduled entity

may be configured for beamforming and/or multiple-input multiple-output (MIMO)
technology. FIG. 3 illustrates an example of a wireless communication system 300
upporting MIMO, In a MIMO system, a transmitter 302 ncludes multiple transmuit
antennas 304 {c.g., N transmit antennas) and a receiver 306 includes multiple receive
antennas 308 (e.g., M receive antenmas). Thus, there are N ¥ M signal paths 310 from
the transmit antennas 304 to the receive antermas 308. Each of the transmitter 302 and
the receiver 306 may be implemented, for example, within a scheduling entity 108, a
scheduled entity 106, or any other suitable wircless conmmmunication device.

[6056] The use of such multiple antenna technology enables the wireless
communication system to exploit the spatial domain to support spatial multiplexing,
beamforming, and transmit diversity. Spatial multiplexing may be used fo transnut
different streams of data, also referred to as layers, stmultancously on the same time-

frequency resource. The number of data streams or layers corresponds to the rank of the

transmission. In general, the rank of the MIMO system 300 1s himited by the number of
transmit or receive antennas 304 or 308, whichever is lower. In addition, the channel

conditions at the UE, as well as other considerations, such as the available resources at
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the base station, may also affect the transmission rank. For example, the rank (and
thercfore, the number of data streams) assigned to a particular UE on the downlink may
be determined based on the rank indicator (R1) transmitted from the UE to the base
station. The Rl may be determined based on the antenna configuration (e.g., the number
of transmit and receive antennas) and a measured signal-to-interference-and-noise ratio
{SINR} on each of the receive antennas. The R may indicate, for example, the number
of layers that may be supported under the current channel conditions. The base station
may usc the RI, along with resource information {(e.g., the available resources and
amount of data to be scheduled for the UE}, to assign a transmission rank to the UE.

16651} In the simplest case, as shown i FIG. 3, a rank-2 gspatial multiplexing
transmission on a 2x2 MIMQO antenna configuration will fransmit one data stream from
each fransmit antenna 304. Each data stream reaches cach receive antenna 308 along a
different signal path 310. The receiver 306 may then reconstract the data streams using
the received signals from each receive antenna 308.

16052] In order for transmissions over the radio access network 200 to obtain a low
block error rate (BLER) while still achieving very high data rates, channel coding may
be used. That is, wireless communication may generally utilize a suitable error
correcting block code. In a typical block code, an information message or sequence is
split up mto code blocks (CBs), and an encoder (e.g., a CODEC) at the transmitting
device then mathematically adds redundancy to the mformation message. Exploitation
of this redundancy in the encoded information message can improve the reliability of
the message, enabling correction for any bit errors that may occur due to the noise.

16633} In early SG NR specifications, user data is coded using quasi-cyclic low-density
parity check (LDPC) with two different base graphs: one base graph is used for large
code blocks and/or high code rates, while the other base graph is used otherwise.
Control information and the physical broadcast channel (PBCH) are coded using Polar
coding, based on nested sequences. For these channels, puncturing, shortening, and
repetition are used for rate matching,

16654 A base graph (BG) refers to LPDC codes that have certain performance
characteristics such as a maximum code rate and a minimum code rate. In one example,
a first base graph (BG1) can support a minimnum code rate of 1/3, and a second base
graph (BG2) can support a minintum code rate of 1/5. The maximum size of a code
block depends on the base graph. A base graph (c.g., BG1 and BG2) is selected fo

provide better performance based on code block sizes or lengths. For example, BG2 is
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generally used for lower code rates than those for BG1. Examples of base graphs may
be found in the 3GPP standards such as Technical Specification 38.212 v 1.1.2,
Multiplexing and channel coding (Release 13},

[6055] in one example, for nitial transmissions with code rate (R} greater than 1/4,
BG2 18 not used when TBS is greater 3824 bits. However, BG2 18 used for imitial
transmissions with code rate less than or equal to 1/4 for all TBS supported at that code
rate. When BG2 is used with TBS greater than 3824 bits, the TB is segmented into code
blocks no larger than 3840 bits.

16636} In one aspect of the disclosure, for a code block size (K less than or equal to
308 bit, BG2 may be used for all code rates. In the 5G NR standards, the maximum
code block size (Kep) is 8448 bits for use with BG1 and 3840 bits for use with BG2. In
one example, BGT is used for the imitial transmission and subsequent re-transnussions
of the same TB when CBS is greater than X (e.g., X=3848) or code rate of the initial
transmission is greater than Y (e.g., Y=0.67}. In on¢ example, BGZ is used for the initial
transnussion and subsequent re-transmissions of the same TB, when CBS is less or
equal to X and code rate of the mitial transmission is less than or equal to Y.

16657} However, those of ordinary skill in the art will understand that aspects of the
present disclosure may be implemented utilizing any suitable channel code. Various
mplementations of scheduling entities 108 and scheduled entities 106 may mclude

,

suitable hardware and capabilities {e.g., an encoder, a decoder, and/or 8 CODEC) to
utilize one or more of these channel codes for wircless communication,
[6058] The air interface in the radio access network 200 may utilize one or more

multiplexing and multiple access algorithms to enable simultaneous communication of

Z

the various devices. For example, 5G NR specifications provide multiple access for UL
transmissions from UEs 222 and 224 to base station 210, and for multiplexing for DL
transmissions from base station 210 to one or more UEs 222 and 224, wiilizing
orthogonal frequency division multiplexing (OFDM) with a cychic prefix (CP). In
addition, for UL transmissions, 5G NR specifications provide support for discrete
Fourier transform-spread-OF DM (DFT-s-OF DM} with a CP (also referred to as single-
carrier FDMA (SC-FDMA)Y). However, within the scope of the present disclosure,
multiplexing and muliiple access are not Hmited to the above schemes, and may be
provided utilizing time division multiple access (TDMA), code division multiple access
(COMA), frequency division multiple access (FDMA), sparse code multiple access

{(SCMA), resource spread multiple access (RSMA), or other suitable nuluple access
. 2 5
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schemes. Further, multiplexing DL transmissions from the base station 210 to Uks 222
and 224 may be provided utilizing time division multiplexing (TDM), code division
multiplexing (CDM), frequency division multiplexing (FBM), orthogonal frequency
division multiplexing (OFDM), sparse code multiplexing (SCM), or other suitable
multiplexing schemes.

(3059 Various aspects of the present disclosure will be described with reference to an
OFDM waveform, schematically ilfustrated in FIG. 4. | should be understood by those
of ordinary skili in the art that the various aspects of the present disclosure may be
applied to a DFT-s-OFDMA waveform in substantially the same way as deseribed
hereinbelow. That is, while some examples of the present disclosure may focus on an
OFDM hink for clanty, it should be understood that the same principles may be applied
as well to DEFT-s-OFDMA waveforms.

8060} Within the present disclosure, a frame refers to a predetermined duration (e.g.,
10 ms) for wireless transmissions, with each frame consisting of a certain number of
subframes (e.g., 10 subframes of 1 ms each). On a given carrier, there may be one set of
frames in the UL, and another set of frames i the DL. Referring now to FIG. 4, an
expanded view of an exemplary DL subframe 402 is illustrated, showing an OFDM
resource grid 404. However, as those skilled in the art will readily appreciate, the PHY
transmission structure for any particular application may vary from the example
described here, depending on any number of factors. Here, time is in the horizontal
direction with units of OFDM symbols; and frequency is in the vertical direction with
units of subcarriers or tones.

{6061} The resource grid 404 may be used to schematically represent time—frequency
resources for a given antenna port. The resource grid 404 1s divided into multiple
resource elements {REs} 406, An RE, which is 1 subcarrier * 1 symbol, is the smallest
discrete part of the time—frequency grid, and contains a single complex value
representing data from a physical channel or signal. Depending on the modulation
utilized in a particular implementation, each RE may represent one or more bits of
mformation. In some examples, a block of REs may be referred o as a physical resource
block (PRB) or more simply a resource block (RB) 408, which contains any suitable
number of consecutive subcarriers in the frequency domain. In one example, an RB may
mclude 12 subcarriers, a number independent of the numerclogy used. In some
examples, depending on the numerology, an BB may include any suitable number of

consecutive OFDM symbels in the time domain. Within the present disclosure, it is
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assumed that a single BB such as the RB 408 entirely corresponds to a single direction
of communication (either transmission or reception for a given device).

18062} A UE generally utilizes only a subset of the resource grid 404. An RB may be
the smallest unit of resources that can be allocated to a UK. Thus, the more KBs
scheduled for a UE, and the higher the modulation scheme chosen for the air interface,
the higher the data rate for the UE.

18663}] In this illustration, the RB 408 is shown as occupying less than the euntire
bandwidth of the subframe 402, with some subcarricrs illustrated above and below the
RB 408. In a given implementation, the subframe 402 may have a bandwidth
corresponding to any number of one or more RBs 408, Further, in this illustration, the
RB 408 is shown as occupying less than the entire duration of the subframe 402,
although this is merely one possible example.

8064} Each subframe 402 {e.g., 1 ms subframe) may consist of one or multiple
adjacent slots. In the example shown in FIG. 4, one subframe 402 mcludes four slots
410, as an illustrative example. in some examples, a slot may be defined according to a
specified nmumber of OFDM symbols with a given cychic prefix (CP} length. For
example, a slot may include 7 or 14 OFDM symbols with a nominal CP. Additional
examples may include nuni-slots having a shorter duration {e.g., 1, 2, 4, or 7 OFDM
symbols). These mini-slots may in some cases be transmitted occupying resources
scheduled for ongoing slot transmissions for the same or for different Uls.

16065] An expanded view of one of the slots 410 illustrates the slot 410 including a
control region 412 and a data region 414. In general, the control region 412 may carry
controf channels {(e.g., PDCCH), and the data region 414 may carry data chaonels {e.g.,
PDSCH or PUSCH). Of course, a slot may contain all DL, all UL, or at least one DL
portion and at least one UL portion. The simple structure iflustrated in FIG. 4 is merely
exemplary in nature, and different slot structures may be utilized, and may include one
or more of each of the control region(s) and data region(s).

163866] Although not illustrated in FIG. 4, the various REs 406 within a RB 408 may be
scheduled to carry one or more physical channels, nchuding control channels, shared
channels, data channels, etc. Other REs 406 within the RB 408 may also carry pilots or
reference signals, mcluding but not limited to a demodulation reference signal (DMRS)
a control reference signal {CRS), or a sounding reference signal (SRS). These pilots or

eference signals may provide for a receiving device to perform channel estimation of
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control and/or data channels within the RB 408.

18067} In a DL transmission, the transmitting device {e.g., the scheduling entity 108}
may allocate one or more REs 406 (e.g., within a control region 412) to carry DL
control nformation 114 including one or more DL control chanmels that generally carry
mformation oniginating from higher layers, such as a physical broadeast channel
{(PBCH), a physical downlink control channel (PDCCH]}, etc., to one or more scheduled
entitics 106, In addition, DL REs may be allocated to carry DL physical signals that
generally do not carry mmformation originating from higher layers. These DL physical
signals may include a primary synchronization signal (PSS}, a  sccondary
synchronization signal {(SS8); demodulation reference signals (DM-RS); phase-tracking
reference signals (PT-RS}); channel-state information reference signals (CSI-RS); ete.
The PDCCH may carry downlink control information (BCI} for one or more UEs in a
cell. This can include, but is not limited to, power control commands, scheduling
mformation, a grant, and/or an assignment of REs for DL and UL transmissions.

[6068] In an UL transmission, a transnutting device (e.g., a scheduled entity 106) may
atilize one or more REs 406 to carry UL control mnformation 118 (UCH. The UCH can
originate from higher layers via one or more UL control channels, such as a physical
uplink control channel (PUCCH), a physical random aceess channel (PRACH), ete., to
the scheduling entity 108. Further, UL REs may carry UL physical signals that
generally do not carry information originating from higher layers, such as demodulation
reference signals (DM-RS), phase-tracking reference signals (PT-RS), sounding
reference signals (SRS), etc. In some exarples, the control information 118 may
mchide a scheduling request (SR), i.e., a request for the scheduling entity 108 to
schedule uplink transmissions. Here, in response to the SR transmitted on the control
channel 118, the scheduling entity 108 may transnuit downlink countro! information 114
that may schedule resources for uplink packet transmissions.

18069] UL control information may also include hybrid automatic repeat request
(HARQ) feedback such as an acknowledgment (ACK) or negative acknowledgment
(NACK), channel state information (CSI), or any other suitable UL control mformation.
HARQ is a technigue well-known to those of ordinary skill in the art, wherein the
integrity of packet transmissions may be checked at the receiving side for accuracy, e.g.,
utilizing any suitable integrity checking mechanism, such as a checksum or a cyclic

redundancy check (CRC). If the mtegrity of the transmission confirmed, an ACK may
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be ransnutted, whereas if not confirmed, a NACK may be transmitted. In response to a
NACK, the transmitting device may send a HARQ retransmission, which may
implement chase combining, incremental redundancy, etc.

(6076 in addition to control information, one or more REs 406 (e.g., within the data
region 414) may be allocated for user data or traffic data. Such traffic may be carried on
one or more traffic channels, such as, for a DL transmussion, a physical downhink shared
channel (PDSCH); or for an UL transmmussion, a physical uplink shared channel
(PUSCH).

180713 The channels or carriers described above and Hustrated m FiGs. 1, 2 and 3 are
not necessarily all the channels or carriers that may be utilized between a scheduling
entity 108 and scheduled cntities 106, and those of ordinary skill in the art will
recognize that other channels or carriers may be utihized m addition to those illustrated,
such as other traffic, control, and feedback channels.

18672} These physical channels described above are generally multiplexed and mapped
to transport channels for handling at the medium access control (MAC) layer. Transport
channels carry blocks of information called transport blocks (TB). The transport block
size (TBS), which may correspond to a number of bits of information, may be a
controlled parameter, based on the modulation and coding scheme (MCS) and the

number of RBs i a given transmission.

[B8073] FIG. 5 1s a block diagram illustrating an example of a hardware implementation
for a scheduling entity 500 employing a processing system 514. For example, the

scheduling entity 500 may be a user equipment (UE) as illustrated i any one or more of
FiGs. 1, 2, and/or 3. n another example, the scheduling entity S00 may be a base station
as iltustrated in any one or more of FIGs. 1, 2, and/or 3.

18074} The scheduling entity 500 may be implemented with a processing system 514
that includes one or more processors 504, Examples of processors 504 include
microprocessors, microcontrollers, digital signal processors (DSPs), field programmmable
gate arrays (FPGAs), programimable logic devices (PLDs), state machines, gated logic,
discrete hardware circuits, and other suitable hardware configured to perform the
various functionality described throughout this disclosure. In various examples, the
scheduling entity 500 may be configured to perform any one or more of the functions
described herein. That is, the processor 504, as utilized in a scheduling entity 500, may
be used to implement any one or more of the processes and procedures described below

and iltustrated n FiGs. 7-10.
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16075} In this example, the processing system 514 may be implemented with a bus
architecture, represented generally by the bus 502. The bus 502 may mclude any
number of interconnecting buses and bridges depending on the specific application of
the processing system 514 and the overall design constraints. The bus 502
communicatively couples together various circuits including one or more processors
{represented generally by the processor 504), a memory 505, and computer-readable
media (represented generally by the computer-readable medium 506). The bus 502 may
also link various other circuits such as timing sources, peripherals, voltage regulators,
and power management circuits, which are well known in the art, and therefore, will not
be described any further. A bus mterface 508 provides an imterface between the bus 502
and a transcetver 510. The transceiver 510 provides a communication interface or means
for communicating with various other apparatus over a transmussion medium.
Pepending upon the nature of the apparatus, a user interface 512 (e.g., keypad, display,
speaker, microphone, joystick) may also be provided. Of course, such a user interface
512 is optional, and may be omitted in some examples, such as a base station.

16076} In some aspects of the disclosure, the processor 504 may include circuitry
configured for various functions, including, for example, base graph selection and
transport block size determination used in wireless communication. For example, the
circuitry may be configured to tmplement one or more of the functions described below
m relation to FIGs. 7-10. The processor 504 may include a processing circuit 540 that
can be configured by processing instructions 522 to perform various data processing
functions used in wircless comununication. The processor 504 may inchude an uphink
(UL) communication circuit 542 that can be configured by UL communication
mstructions 554 to perform various functions used in UL communication. For example,
the UL communication circuit 542 may schedule and allocate resources (e.z., MIMO
layers, PRBs) for UL communpication. The UL conwnunication circuit 542 may
configure the target code rate, and modulation and coding scheme used m UL
communication. The processor 504 may include a downlink (DL} commumication
circuit 544 that can be configured by DL communication instructions 556 to perform
various functions used m DL communication. For example, the DL commmunication

or DL

xr)

-

circuit 544 may schedule and allocate resources (e.g., MIMO layers, PRBs)
communication. The DL communication circuit 544 may configure the target code rate,

and modulation and coding scheme used in DL conumunication,
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16077} The processor 504 is responsible for managing the bus 302 and general

processing, including the execution of software stored on the computer-readable
medium 506. The software, when exccuted by the processor 504, causes the processing
system 514 to perform the various functions described below for any particular
apparatus. The computer-readable medivm 506 and the memory 505 may also be used
for storing data that is manipulated by the processor 504 when exccuting software.

16678] One or more processors 504 in the processing system may execute software.
Software shall be construed broadly to mean instructions, instruction sets, code, code
segments, program code, programs, subprograms, software modules, applications,
software applications, software packages, routines, subroutines, objects, executables,
threads of execution, procedures, functions, etc., whether referred to as software,
firmware, middleware, microcode, hardware description language, or otherwise. The
software may reside on a computer-readable medium 506. The computer-readable
medium 506 may be a non-transitory computer-readable medium. A non-fransitory
computer-readable medium includes, by way of example, a magnetic storage device
(e.g., hard disk, floppy disk, magnetic strip), an optical disk {e.g., a compact disc {CD3)
or a digital versatile disc (DVD)), a smart card, a flash memory device {e.g., a card, a
stick, or a key drive), a random access memory {RAM), a read only memory (ROM), a
programmable ROM (PROM), an crasable PROM (EPROM), an electrically erasable
PROM (EEPROM), a register, a removable disk, and any other suitable mediom for
storing software and/or instructions that may be accessed and read by a computer. The
computer-readable medium 506 may reside i the processing system 514, external to the
processing system 514, or distributed across multiple entitics including the processing
systern S14. The computer-readable medium 506 may be embodied m a computer
program product. By way of example, a computer program product may include a
computer-readable medium in packaging materials. Those skilled in the art will
recognize how best to implement the described functionality presented throughout this
disclosure depending on the particular application and the overall design constraints
imposed on the overall system.

16079} In one or more examples, the computer-readable storage medivm 506 may
mchide software configured for various functions, including, for example, base graph
selection and transport block size determination used in wireless communication. For
example, the software may include the processing instructions 552, UL communication

mstrnictions 554, and DL communication mstructions 556 that may configure the
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processor 504 to oplement one or more of the functions described i relation to FIGs.
7-10.

18080} FIG. 6 is a conceptual diagram illustrating an example of a hardware
implementation for an exemplary scheduled entity 600 croploying a processing systern
614. In accordance with various aspects of the disclosure, an clement, or any portion of
an element, or any combination of elements may be implemented with a processing
system 614 that includes one or more processors 604, For example, the scheduled entity
600 may be a user equipment (UE) as illustrated in any one or more of FiGs. 1, 2,
and/or 3.

{6081} he processing system 614 may be substantially the same as the processing
system 614 illustrated in FIG. 4, mcluding a bus mterface 608, a bus 602, memory 605,
a processor 604, and a computer-readable medium 606. Furthermore, the scheduled
entity 600 may include a user interface 612 and a transceiver 610 substantially similar to
those described above in FIG. 4, That is, the processor 604, as utilized in a scheduled
entity 600, may be used to implement any one or more of the processes and functions
described below and illustrated in FIGs. 7-10.

[6682] In some aspects of the disclosure, the processor 604 may include circuitry
configured for various functions, incliuding, for example, base graph seclection and
transport block size determination used in wireless commmunication. For example, the
circuitry may be configured to implement one or more of the functions described in
relation to FIGs. 7-10. The processor 604 may include a processing circuit 640 that can
be configured by processing instructions 622 to perform various data processing
functions used in wireless communication. The processor 604 may mclude a
communication circuit 642 that can be configured by communication instructions 654 to
perform various functions used in UL and DL commumnication via the transceiver 610.
The communication circuit 642 may configure the target code rate, and modulation and
coding scheme used m wireless communication. The processor 604 may include a
transport block size (TBS) determination circuit 644 that can be configured by TBS
determination instructions 656 to perform various functions for sclecting base graph and
determining TBS used in wireless communication.

[6683] In the 5G NR standards, a transport block size (TBS) may be determined as a
function of various parameters including Nz, v, @m, and R. Here, Ngg is the number of
resouree elements (REs) assigned to a transport block (TB), v is the number of nultiple-

nput and multiple-output (MIMO) layers, Qw18 the modulation order, and R is the code
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rate. However, some functions or procedures used for determining the TBS depend on
cychic dependencies between the TBS and the parameters {e.g., Nrg, v, Om, and/or R)
used to determine the TBS. Such cyclhic dependencies may require use of recursive
algorithms and/or multiple passes of a certain formula or function in order to determine
the TBS. Therefore, the processing time and/or power consumption of the TBS
determination may be undesirably increased or lengthened.

8084} Aspects of the present disclosure provide a procedure and a method that can
determine a TBS using a formula, function, equation, or algorithm in a single pass
avoiding cyclic dependencies between the TBS and the parameters used in the formula
or function. Moreover, the determined TBS can facilitate byte-aligned code block sizes
and require no padding in a transport block.

[6685] In a 5G NR example, a TB-level CRC (Lap, o) may be 24 bits for TBs larger
than a predetermined threshold (e.g., 512 bits). If a TB is segmented nto 2 or more CBs
after CB segmentation, a CB-level CRC may be applied to the CBs. K 1s the maximum
code block size. For example, CRC bits may be atiached to each code block
mdividually. In this case, Lig cpc may be 16 bits for TBs smaliler than or equal to a
predetermined threshold (e.g., 3824 bits), and CB-level CRC (Lep.cre) may be 24 bits,

[6686] In one aspect of the present disclosure, TBS may be determined using a single

equation {1} below.

LygcretNRe Qm Rv—X

TBS = 1LlrpcretNpp O Rv-X g
8 ‘!‘TB,CRC +:’\IRE' Sm Rv-X ]
Kep~LoBore

— Lrpere (D)

Kep—Lesore

{8087} i equation (1}, X 1s a rate back-off factor that has a value equal to or greater

than zero. For example, X can be a predetermined constant (e.g., 0, 8, 16, or 24) or
value dependent on Npg'Qm R v that may be equal to the intermediate number of
nformation bits. Using the rate back-off factor X can prevent the determined TBS from
exceeding a nominal code rate. In the equation {1}, the brackets represent ceiling
functions and the “8” operator signifies byte-alignment or sizing.

{8088} FIG. 7 is a flow chart illustrating an exemplary process 700 for determining a

TBS in a single pass according to some aspects of the present disclosure. The TBS may
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be used for transmitting a transport block with data in a UL or DL transport channel. As
described below, some or all illustrated features may be omitted in a particular
implementation within the scope of the present disclosure, and some illustrated features
may not be required for implementation of all embodiments. In some examples, the
process 700 may be carried out by the scheduling entity 500 illustrated in FIG. 5 or the
scheduled entity 600 (e.g., UE) illustrated in FIG. 6. In some examples, the process 700
may be carried out by any suitable apparatus or means for carrying out the functions or
algorithm described below.,

16689} At block 702, a scheduled entity 600 {e.g., UE) can utilize TBS determination
circuit 644 to determine the value of a maximum code block size (K} First, the
scheduled entity may determine an intermediate value To = Npg*Qm "R -v—X. Here,
NreQm 'R v may represent an intermediate number of information bits. The rate back-
off factor X may be any value (e.g., 0, &, 16, or 24} that prevents the determined TBS
from exceeding a nominal code rate.  As illustrated o FIG. §, at decision block 802, if
the condition (R<1/4) or (R < 0.67 and Ty < 3824) or (T < 288} 1s true, at block 804, the
TRS determimation circuit 644 sclects a first base graph (e.g., BG2) and sets Koy to a
first value {e.g., 3840}, otherwise, at block 806, the TBS determination circuit 644
selects a second base graph (e.g., BG1) and sets K¢ 1o a second value (e.g., 8448) that s
greater than the first value. In one cxample, the scheduled entity 600 may receive
information {(e.g., MCS, code rate, MIMO configuration, ctc.) from a scheduling entity
500, to determine the Ngg, Om, R, and v.

[6096] At block 704, the scheduled entity 600 may utilize the TBS determination circuit
644 to determine a TB-level CRC size (Lapere). As illustrated in FIG. 9, at decision
block 902, if the condition T < 3824 is true, at block 904, the TBS deternunation circuit
644 may set Lrpere to a first value (e.g., 16); otherwise, at block 906, the TBS
determination circuit 644 may set L cre to a second value (e.g., 24) that is greater than
the first value.

(6091} At block 706, the scheduled entity 600 may utilize the TBS determination circuit
644 to determine a CB CRC size (Lep cre). As illustrated in FIG. 10, at decision block
1002, if the condition To + Lipcre € Kea 18 true then, at block 1004, the TBS
determination circuit 644 sets Log cre to a first vahie (e.g., O} otherwise, at block 1006,
the TBS determination circuit 644 sets Leg cpe 1o a second value (¢.g., 24) that 1s greater

than the first value.
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[6092] At block 708, the scheduled entity 600 may utilize the TBS determunation circuit
644 to determine the number of code blocks (C) or mnformation block length based on
7o, Kev» Lmcre, and Lo core, for example, using equation (2} set forth below.
[0693) £ = [WI )
Kep—Lepere
16094} At block 710, the scheduled entity 600 may utilize the TBS determunation circuit
644 to determine the code block size (K), for example, using equation (3) set forth

below. Using such code block size, the code blocks can be byte or 8-bit aligned.

1 To+L :
[0095) K= E“ SlBEENg (3
8 5
[6096] At block 712, the scheduled entity 600 may utilize the TBS determination circuit

644 to determine the TBS using equation {4) set forth below.

[6097] TBS =K C ~Lygcre (4)

[6098] Equation (4) when cxpanded becomes the single TBS equation (1) as set forth
above. At block 714, the scheduled entity 600 may utilize the communication circuit
642 and transceiver 610 to transmit a transport block (TB) with the data based on the
determined TBS. Therefore, using the process 700, the scheduled entity 600 can use
equation (1} or portions thereof in a single pass or a non-recursive manmner to deternune
a TBS that provides byte-aligned code block lengths and requires no padding. Single-
pass means that the process as described above can determine the TBS without dealing
with the cyclic dependencies between the TBS, base graph (e.g.. BG1 or B(G2), and
code block size. That is, the values of the different parameters of equation {1} are
determined once, and the TBS can be calculated using equation {1} without changing
the parameters based on the deternined value of the TBS.

. . 1 ~
3099} in this example, the term e ol take one of four vahies because the
SehT=CHORC

parameters Ko, and Legore cach have two predetermined values as described above.
For example, Ko, m0ay be 3840 or 8448, and Leg cre may be 16 or 24, In some aspects
of the disclosure, the four values can be stored in a look-up table to avoid numerical
issues or calculations,

e 1 1 ‘ . -
18160} Similarly, the term T ThomeniNmmam eI can take one of a limited set of
) [ TR eRCYNRE Om -

Sep-Llepcre

values (i.¢., the number of code blocks is hmited to mntegers with a maximum value <=

200). In some aspects of the disclosure, these values can be stored in a look-up table to
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avoid numerical ssues or calculations. In one aspect of the disclosure, the TBS and
mtermediate values can be stored in lookup tables, where the look-up 1s based on which
range Npg * @, - R - v falls 1, as well as the selected base graph.

{6161} In one configuration, the apparatus {(e.g., scheduled entity 600} for wireless
comnmunication includes means for determining a maxinwum code block size (K} of a
transport block (TB); means for determining a transport block level cyclic redundancy
check size (Lip cre); means for determining a code block level eyclic redundancy check
size (Lopcre); means for determining a number of code blocks associated with the TB
based on the K, Lipere, and Legere; means for determining a code block size based
on the number of code blocks; and means for determining a transport block size {TBS)
of the TB in a single pass as a function of the determined Ko, Lrscre, Lenore, number
of code blocks, and code block size; and means for transmitting the TB with data based
on the determined TBS. In some aspects of the disclosure, the various means above may
be implemented using the TBS determination circuit 644, the TBS determination
nsiructions 656, the transceiver 610, the computer readable medium 606, and other
clements described herein to implement the processes ilustrated in FiGs 7-10 .

16362} In one aspect, the aforementioned means may be the processor 604 shown in
FIG. 6 configured to perform the functions recited by the aforementioned means. In
another aspect, the aforementioned means may be a circuit or any apparatus configured
to perform the functions recited by the aforementioned means.

[6103] Of course, in the above examples, the circuitry ineluded in the processor 604 is
merely provided as an example, and other means for carrying out the described
functions may be included within various aspects of the present disclosure, including
but not limited to the instructions stored in the computer-readable storage medium 606,
or any other suitable apparatus or means described in any one of the FIGs. 1, 2, and/or
3, and utilizing, for example, the processes and/or algorithms described herein in
refation to FIGs. 7-10.

[6104] Several aspects of a wireless cormmumnication network have been presented with
reference to an exemplary implementation. As those skilled m the art will readily
appreciate, various aspects described throughout this disclosure may be extended to
other telecommunication systems, network architectures and communication standards.,

[6365] By way of example, various aspects may be implemented within other systems
defined by 3GPP, such as Long-Term Evolution (LTE), the Evolved Packet Svstem

(EPS), the Universal Mobile Teleconumunication System (UMTS), and/or the Global
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System for Mobile (G3M). Various aspects may also be extended to systems defined by
the 3rd Generation Partmership Project 2 (3GPP2), such as CDMAZ2000 and/or
Evolution-Data Optimized (EV-DO). Other examples may be implemented within
systems employing IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), {EEE 802.20, Ultra-
Wideband (UWE), Bluetooth, and/or other sustable systems. The actual
telecommunication standard, network architecture, and/or communication standard
employed will depend on the specific application and the overall design constraints
imposed on the system.

16106} Within the present disclosure, the word “exemplary” is used to mean “serving as
an example, instance, or iustration.” Any implementation or aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects of the disclosure. Likewise, the term “aspects” does not require that all aspects
of the disclosure include the discussed feature, advantage or mode of operation. The
term “coupled” is used hergin to refer to the direct or indirect coupling between two
objects. For example, if obiect A physically touches object B, and object B touches
object C, then objects A and C may still be considered coupled to one another—even if
they do not directly physically touch each other. For instance, a first object may be
coupled to a second object cven though the first object is never directly physically in
contact with the sccond object. The terms “cirenit” and “circuitry” are used broadly, and
mtended to include both hardware implementations of elecirical devices and conductors
that, when connected and configured, enable the performance of the functions described
in the present disclosure, without limitation as to the type of electronic circuits, as well
as software implementations of mformation and instructions that, when executed by a
processor, enable the performance of the functions described in the present disclosure.

(6167} One or more of the components, steps, features and/or functions illustrated in
FiGs. 1-10 may be rearranged and/or combined info a single component, step, feature
or function or embodied m several components, steps, or functions. Additional
clements, components, steps, and/or functions may aiso be added without departing
from novel features disclosed herein. The apparatus, devices, and/or components
ilustrated in FIGs. 1-10 may be configured 1o perform one or more of the methods,
features, or steps described herein. The novel algorithms described herein may also be
efficiently implemented in software and/or embedded in hardware.

[6108] it is to be understood that the specific order or hierarchy of steps in the methods

disclosed 1s an illustration of exemplary processes. Based upon design preferences, 1t is
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understood that the specific order or hierarchy of steps in the methods may be
rearranged. The accompanying method claims present elements of the various steps in a
sample order, and are not meant to be limited to the specific order or hierarchy
presented unless specifically recited therein.

[6109] The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
hercin may be applied to other aspects. Thus, the claims are not intended to be limited to
the aspects shown herein, but are to be accorded the full scope consistent with the
language of the claims, wherein reference to an element in the singular is not intended
to mean “one and only one” unless specifically so stated, but rather “one or more.”
Linless specifically stated otherwise, the term “some” refers to one or more. A phrase

4

referring to “at least one of” a Hst of items refers to any combination of those items,
ncluding single members. As an exanple, “at ieast one of: a, b, or ¢” is intended to
cover: a; b; ¢; aand b; a and ¢; b and ¢; and a, b and ¢. Al structural and functional
equivalents to the elements of the various aspeets described throughout this disclosure
that are known or later come to be known to those of ordinary skill in the art are
expressly incorporated herein by reference and arc intended to be encompassed by the
clairns. Moreover, nothing disclosed herein is intended to be dedicated to the public

regardless of whether such disclosure is explicitly recited i the claims.
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CLAIMS

1. A method of transmitting data in a transport block (TB) in wireless communication,
comprising: determining an intermediate value based on a number of resource elements, a
modulation order, a code rate, and a number of MIMO layers for transmitting the TB; selecting a
maximum code block size from a plurality of maximum code block sizes; determining a number
of code blocks associated with the TB based on the intermediate value and the selected
maximum code block size; determining a code block size based on the number of code blocks;
determining a transport block size (TBS) for the TB as a function of the code block size, the
number of code blocks, and a rate back-off factor; and transmitting the TB using the determined
TBS, wherein the rate back-off factor has a value dependent at least on Qm, R, and v, where Qm
is a modulation order, R is a code rate, and v is a number of multiple-input multiple-output
MIMO layers.

2. The method of claim 1, wherein the determining the code block size comprises determining a
code block (CB) level cyclic redundancy check (CRC) size by selecting the CB level CRC size

from a plurality of predetermined CRC sizes based on the intermediate value.

3. The method of claim 2, wherein the determining the code block size further comprises

determining a byte-aligned code block size.

4. The method of claim 1, wherein the determining the TBS further comprises determining a TB
level cyclic redundancy check (CRC) size by selecting the TB level CRC size from a plurality of
predetermined CRC sizes based on the intermediate value.

5. The method of claim 1, wherein the determining the TBS further comprises determining the
TBS without cyclic dependencies between the TBS, a selected base graph, and the code block

size.

6. The method of claim 5, further comprising: selecting the base graph based on at least one of
the code rate or the intermediate value; and determining the maximum code block size based on

the selected base graph.
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7. The method of claim 1, wherein the transmitting the TB comprises transmitting the TB with
no padding bits.

8. The method of claim 1, wherein the determining the TBS comprises: determining the TBS

using a non-recursive function of the code block size and the number of code blocks.

9. An apparatus of wireless communication, comprising: a communication interface configured
to transmit data in a transport block (TB); a memory; and a processor coupled with the
communication interface and the memory, wherein the processor and the memory are configured
to: determine an intermediate value based on a number of resource elements, a modulation order,
a code rate, and a number of MIMO layers for transmitting the TB; select a maximum code block
size from a plurality of maximum code block sizes; determine a number of code blocks
associated with the TB based on the intermediate value; determine a code block size based on the
number of code blocks; determine a transport block size (TBS) for the TB as a function of the
code block size, the number of code blocks, and a rate back-off factor; and transmit the TB using
the determined TBS, wherein the rate back-off factor has a value dependent at least on Qm, R,
and v, where Qm is a modulation order, R is a code rate, and v is a number of multiple-input
multiple-output MIMO layers.

10. The apparatus of claim 9, wherein, to determine the code block size, the processor and the
memory are further configured to: determine a code block (CB) level cyclic redundancy check
(CRC) size by selecting the CB level CRC size from a plurality of predetermined CRC sizes

based on the intermediate value.

11. The apparatus of claim 10, wherein, to determine the code block size, the processor and the

memory are further configured to: determine a byte-aligned code block size.

12. The apparatus of claim 9, wherein, to determine the TBS, the processor and the memory are
further configured to: determine a TB level cyclic redundancy check (CRC) size by selecting the

TB level CRC size from a plurality of predetermined CRC sizes based on the intermediate value.
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13. The apparatus of claim 9, wherein, to determine the TBS, the processor and the memory are
further configured to: determine the TBS without cyclic dependencies between the TBS, a

selected base graph, and the code block size.

14. The apparatus of claim 13, wherein the processor and the memory are further configured to:
select the base graph based on at least one of the code rate or the intermediate value; and

determine the maximum code block size based on the selected base graph.

15. The apparatus of claim 9, wherein, to transmit the TB, the processor and the memory are

further configured to: transmit the TB with no padding bits.

16. The apparatus of claim 9, wherein, to determine the TBS, the processor and the memory are
further configured to: determine the TBS as a non-recursive function of the code block size and

the number of code blocks.

17. An apparatus of wireless communication, comprising: means for determining an intermediate
value based on a number of resource elements, a modulation order, a code rate, and a number of
MIMO layers for transmitting a transport block (TB); means for selecting a maximum code
block size from a plurality of maximum code block sizes; means for determining a number of
code blocks associated with the TB based on the intermediate value and the selected maximum
code block size; means for determining a code block size based on the number of code blocks;
means for determining a transport block size (TBS) for the TB as a function of the code block
size, the number of code blocks, and a rate back-off factor; and means for transmitting the TB
using the determined TBS, wherein the rate back-off factor has a value dependent at least on Qm,
R, and v, where Qm is a modulation order, R is a code rate, and v is a number of multiple-input

multiple-output MIMO layers.

18. A non-transitory computer-readable medium comprising executable code stored thereon
which, when executed by a processor, causes an apparatus for wireless communication to:

determine an intermediate value based on a number of resource elements, a modulation order, a
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code rate, and a number of MIMO layers for transmitting a transport block (TB); selecting a
maximum code block size from a plurality of maximum code block sizes; determine a number of
code blocks associated with the TB based on the intermediate value and the selected maximum
code block size; determine a code block size based on the number of code blocks; determine a
transport block size (TBS) for the TB as a function of the code block size, the number of code
blocks, and a rate back-off factor; and transmit the TB using the determined TBS, wherein the
rate back-off factor has a value dependent at least on Qm, R, and v, where Qm is a modulation

order, R is a code rate, and v is a number of multiple-input multiple-output MIMO layers.



