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TRANSPORT BLOCK SIZE FOR CHANNELS WITH SHORTENED
TRANSMISSION TIME INTERVAL

PRIORITY CLAIM AND CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Provisional Application
No. 62/631,392, entitled “Transport Block Size for Channels with Shortened
Transmission Time Interval” and filed on February 15, 2018 and U.S. Patent
Application Serial No. 16/270,546, filed February 7, 2019. The above identified
application/document is expressly incorporated by reference in entirety herein as part of

the disclosure of this application.

BACKGROUND

[0002] This disclosure relates generally to wireless communication, and more
specifically, to transport block size for channels with shortened transmission time

interval (sTTI).

[0003] Wireless communications systems are widely deployed to provide various
types of communication content such as voice, video, packet data, messaging,
broadcast, and so on. These systems may be capable of supporting communication with
multiple users by sharing the available system resources (e.g., time, {frequency, and
power). Examples of such multiple-access systems include code division multiple
access (CDMA) systems, time division multiple access (TDMA) systems, frequency
division multiple access (FDMA) systems, and orthogonal frequency division multiple
access (OFDMA) systems, (e.g., a Long Term Evolution (LTE) system, or a New Radio
(NR) system). A wireless multiple-access communications system may include a
number of base stations or access network nodes, each simultaneously supporting
communication for multiple communication devices, which may be otherwise known as

user equipment (UE).

[0004] In some Long Term Evolution (LTE) or New Radio (NR) deployments, base
stations and/or UEs may transmit a data packet during a defined time duration, generally
referred to as transmission time interval (TTI). Legacy LTE systems (e.g., LTE Release

8) generally use 1 millisecond (a duration of a subframe) as TTI. Later LTE releases
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introduce shortened TTI (sTTI) to support services that provide low latency for wireless
transmissions. An sTTI has shorter duration in time relative to the legacy (or non-
shorten) TTI. Correspondingly, the amount of available resources for an sTTI
transmission may be smaller than that of the legacy TTI, and hence, a transport block
(TB) for an sTTI channel may have a smaller transport block size (TBS) relative to a

legacy TTI channel.

SUMMARY

[0005] Systems, apparatuses, and methods are disclosed for transport block size
(TBS) for shortened TTI (sTTI) channels. An initial size may be determined based on
one or more TBS tables, such as a baseline table, or a translation table that maps a
baseline size from the baseline table to a TBS value for a transport block mapped to
more than one layer. The initial size may be scaled by a factor associated with the sTTI
channel. A TBS table may be selected based on the one or more TBS tables. The scaled
size may be rounded based on the selected TBS table to generate a TBS for the sTTI

channel.

[0006] In an aspect, a method of computing TBS for an sTTI channel is provided. The
method may be performed by a UE or a base station. An initial size may be determined
using at least a baseline table. The initial size may be scaled by a factor associated with
the sTTI channel. Furthermore, a table may be selected from either the baseline table, or
a translation table, or a combination thereof. In addition, the scaled size may be rounded

to a TBS value of the selected table.

[0007] In another aspect, an apparatus of computing TBS for an sTTI channel may be
provided. The apparatus may include a memory and a processor coupled to the memory.
The processor may be configured to determine an initial size using at least a baseline
table. The processor may also be configured to scale the initial size by a factor
associated with the sTTI channel. Furthermore, the processor may be configured to
select a table from either the baseline table, or a translation table, or a combination
thereof. In addition, the processor may be configured to round the scaled size to a TBS

value of the selected table.
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[0008] In yet another aspect, an apparatus of computing TBS for an sTTI channel may
be provided. The apparatus may include means for determining an initial size using at
least a baseline table. The apparatus may also include means for scaling the initial size
by a factor associated with the sTTI channel. Furthermore, the apparatus may include
means for selecting a table from either the baseline table, or a translation table, or a
combination thereof. In addition, the apparatus may include means for rounding the

scaled size to a TBS value of the selected table.

[0009] In yet another aspect, a non-transitory computer readable medium of
computing TBS for an sTTI channel is provided. The non-transitory computer-readable
medium may contain instructions stored thereon which may include codes executable
for an apparatus to perform determining an initial size using at least a baseline table.
The instructions may also include codes for scaling the initial size by a factor associated
with the sTTI channel. Furthermore, the instructions may include codes for selecting a
table from either the baseline table, or a translation table, or a combination. In addition,
the instructions may include codes for rounding the scaled size to a TBS value of the

selected table.

[0010] In various aspects, the translation table maps a baseline size from the baseline

table to a TBS for a transport block mapped to multiple layers.

[0011] In various aspects, a union of the baseline table and a translation table may be
selected based on a number of layers to which a transport block of the sTTI channel is

mapped

[0012] In various aspects, the baseline table may be selected if the scaled size is
smaller than a threshold. In some cases, the baseline or the translation may be selected
depending on a number of layers to which a transport block of the sTTI channel is

mapped, if the scaled size is greater than the threshold.

[0013] In various aspects, a set of TBS values of the selected table is determined for
rounding the scaled size. The set may contain all the TBS values of the selected table.
The scaled size may be rounded to a closest value in the set. If two different values of
the set are equally closest to the scaled size, the scaled size may be rounded to the larger

one of the two values.
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[0014] Various features and advantages of this disclosure are described in further
details below. Other features will be apparent from the description, drawings, and/or the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Illustrative and non-limiting drawings are provided to aid in the description of
various aspects and implementations. Unless specified otherwise, like reference

symbols indicate like elements.
[0016] FIG. 1 illustrates an example of a wireless communications system.

[0017] FIG. 2 illustrates an example of a frame structure containing shortened

transmission time intervals.

[0018] FIG. 3 illustrates various examples of TBS tables for TBS computation of non-
shortened TTI channels.

[0019] FIG. 4 illustrates an example of a method of computing TBS for sTTI

channels.

[0020] FIG. 5 illustrates an example of an apparatus that supports TBS computation
for sTTI channels.

[0021] FIG. 6 illustrates an example of a device that supports TBS computation for
sTTI channels.

[0022] FIG. 7 illustrates an example of a base station in communication with a user

equipment in a networking system that supports TBS computation for sTTI channels.

DETAILED DESCRIPTION

[0023] TBS for legacy TTI channels may be computed using various TBS tables, such
as a baseline and a translation table, that provide a TBS value for a transport block
mapped to one or more layers. These tables may be reused to compute TBS for an sTTI
channel. An initial size corresponding to a non-shorten channel may be determined
based on these TBS tables. The initial size may be scaled by a factor associated with the

sTTI channel. The factor may represent a proportional reduction in the amount of
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available resources afforded by the sTTI channel, relative to a corresponding legacy
channel. A TBS table may be selected based on various TBS tables. For example, a
translation TBS table may be avoided, in favor of a baseline table, if the scaled size is
smaller than a threshold. For another example, a combined table from a baseline table
and a translation table may be selected based on a number of layers to which a transport
block of the sTTI channel is mapped. The TBS of the sTTI channel may be determined
by rounding the scaled size to a TBS value of the selected table.

[0024] Aspects of the disclosure introduced above are described below in the context
of a wireless communications system. Examples of TBS computation for legacy TTI
and sTTI channels are then described. Aspects of the disclosure are further illustrated by
and described with reference to various apparatus diagrams, system diagrams, and

flowcharts.

[0025] FIG. 1 illustrate an example of wireless communications system 100. The
wireless communications system 100 includes base stations 105, UEs 115, and a core
network 130. In some examples, the wireless communications system 100 may be an
LTE, LTE-Advanced (LTE-A) network, or a New Radio (NR) network. In some cases,
wireless communications system 100 may support enhanced broadband
communications, ultra-reliable (i.e., mission critical) communications, low latency

communications, and communications with low-cost and low-complexity devices.

[0026] In an example, a UE 115 and a base station 105 may support communications
via sSTTI channels as well as legacy TTI channels. A UE 115 and a base station 105 may
compute TBS for a transport block for sTTI channels by leveraging legacy TBS

computation mechanisms.

[0027] Base stations 105 may wirelessly communicate with UEs 115 via one or more
base station antennas. Each base station 105 may provide communication coverage for a
respective geographic coverage area 110. Communication links 125 shown in wireless
communications system 100 may include uplink transmissions from a UE 115 to a base
station 105, or downlink transmissions, from a base station 105 to a UE 115. Control
information and data may be multiplexed on an uplink channel or downlink according
to various techniques. Control information and data may be multiplexed on a downlink

channel, for example, using time division multiplexing (TDM) techniques, frequency
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division multiplexing (FDM) techniques, or hybrid TDM-FDM techniques. In some
examples, the control information transmitted during a TTI duration of a downlink
channel may be distributed between different control regions in a cascaded manner

(e.g., between a common control region and one or more UE-specific control regions).

[0028] UEs 115 may be dispersed throughout the wireless communications system
100, and each UE 115 may be stationary or mobile. A UE 115 may also be referred to as
a mobile station, a subscriber station, a mobile unit, a subscriber unit, a wireless unit, a
remote unit, a mobile device, a wireless device, a wireless communications device, a
remote device, a mobile subscriber station, an access terminal, a mobile terminal, a
wireless terminal, a remote terminal, a handset, a user agent, a mobile client, a client, or
some other suitable terminology. A UE 115 may also be a cellular phone, a personal
digital assistant (PDA), a wireless modem, a wireless communication device, a
handheld device, a tablet computer, a laptop computer, a cordless phone, a personal
electronic device, a handheld device, a personal computer, a wireless local loop (WLL)
station, an Internet of Things (IoT) device, an Internet of Everything (IoE) device, a

machine type communication (MTC) device, an appliance, an automobile, or the like.

[0029] In some cases, a UE 115 may also be able to communicate directly with other
UEs (e.g., using a peer-to-peer (P2P) or device-to-device (D2D) protocol). One or more
of a group of UEs 115 utilizing D2D communications may be within the coverage area
110 of a cell. Other UEs 115 in such a group may be outside the coverage area 110 of a
cell, or otherwise unable to receive transmissions from a base station 105. In some
cases, groups of UEs 115 communicating via D2D communications may utilize a one-
to-many system in which each UE 115 transmits to every other UE 115 in the group. In
some cases, a base station 105 facilitates the scheduling of resources for D2D
communications. In other cases, D2D communications are carried out independent of a
base station 105.

[0030] Some UEs 115, such as MTC or 10T devices, may be low cost or low
complexity devices, and may provide for automated communication between machines,
i.e., Machine-to-Machine (M2M) communication. M2M or MTC may refer to data
communication technologies that allow devices to communicate with one another or a
base station without human intervention. For example, M2M or MTC may refer to

communications from devices that integrate sensors or meters to measure or capture
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information and relay that information to a central server or application program that
can make use of the information or present the information to humans interacting with
the program or application. Some UEs 115 may be designed to collect information or
enable automated behavior of machines. Examples of applications for MTC devices
include smart metering, inventory monitoring, water level monitoring, equipment
monitoring, healthcare monitoring, wildlife monitoring, weather and geological event
monitoring, fleet management and tracking, remote security sensing, physical access

control, and transaction-based business charging.

[0031] Base stations 105 may communicate with the core network 130 and with one
another. For example, base stations 105 may interface with the core network 130
through backhaul links 132 (e.g., S1, etc.). Base stations 105 may communicate with
one another over backhaul links 134 (e.g., X2, etc.) either directly or indirectly (e.g.,
through core network 130). Base stations 105 may perform radio configuration and
scheduling for communication with UEs 115, or may operate under the control of a base
station controller (not shown). In some examples, base stations 105 may be macro cells,
small cells, hot spots, or the like. Base stations 105 may also be referred to as evolved

NodeBs (eNBs) 105.

[0032] A base station 105 may be connected by an S1 interface to the core network
130. The core network may be an evolved packet core (EPC), which may include at
least one mobility management entity (MME), at least one serving gateway (S-GW),
and at least one Packet Data Network (PDN) gateway (P-GW). The MME may be the
control node that processes the signaling between the UE 115 and the EPC. All user
Internet Protocol (IP) packets may be transferred through the S-GW, which itself may
be connected to the P-GW. The P-GW may provide IP address allocation as well as
other functions. The P-GW may be connected to the network operators IP services. The
operators IP services may include the Internet, the Intranet, an IP Multimedia

Subsystem (IMS), and a Packet-Switched (PS) Streaming Service.

[0033] The core network 130 may provide user authentication, access authorization,
tracking, IP connectivity, and other access, routing, or mobility functions. At least some
of the network devices, such as base station 105 may include subcomponents such as an
access network entity, which may be an example of an access node controller (ANC).

Each access network entity may communicate with a number of UEs 115 through a
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number of other access network transmission entities, each of which may be an example
of a smart radio head, or a transmission/reception point (TRP). In some configurations,
various functions of each access network entity or base station 105 may be distributed
across various network devices (e.g., radio heads and access network controllers) or

consolidated into a single network device (e.g., a base station 105).

[0034] Multiple-input multiple-output (MIMO) wireless systems use a transmission
scheme between a transmitter (e.g., a base station 105) and a receiver (e.g., a UE 115),
where both transmitter and receiver are equipped with multiple antennas. Some portions
of wireless communications system 100 may use beamforming. For example, base
station 105 may have an antenna array with a number of rows and columns of antenna
ports that the base station 105 may use for beamforming in its communication with UE
115. Signals may be transmitted multiple times in different directions (e.g., each
transmission may be beamformed differently). An mmW (millimeter wave) receiver
(e.g., a UE 115) may try multiple beams (e.g., antenna subarrays) while receiving the

synchronization signals.

[0035] In some cases, the antennas of a base station 105 or UE 115 may be located
within one or more antenna arrays, which may support beamforming or MIMO
operation. One or more base station antennas or antenna arrays may be collocated at an
antenna assembly, such as an antenna tower. In some cases, antennas or antenna arrays
associated with a base station 105 may be located in diverse geographic locations. A
base station 105 may multiple use antennas or antenna arrays to conduct beamforming

operations for directional communications with a UE 115.

[0036] In some cases, wireless communications system 100 may be a packet-based
network that operate according to a layered protocol stack. In the user plane,
communications at the bearer or Packet Data Convergence Protocol (PDCP) layer may
be IP-based. A Radio Link Control (RLC) layer may in some cases perform packet
segmentation and reassembly to communicate over logical channels. A Medium Access
Control (MAC) layer may perform priority handling and multiplexing of logical
channels into transport channels. The MAC layer may also use Hybrid ARQ (HARQ) to
provide retransmission at the MAC layer to improve link efficiency. In the control
plane, the Radio Resource Control (RRC) protocol layer may provide establishment,

configuration, and maintenance of an RRC connection between a UE 115 and a network
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device, base station 105, or core network 130 supporting radio bearers for user plane
data. At the Physical (PHY) layer, transport channels may be mapped to physical

channels.

[0037] Time intervals in LTE or NR may be expressed in multiples of a basic time
unit (which may be a sampling period of Ts = 1/30,720,000 seconds). Time resources
may be organized according to radio frames of length of 10ms (Tf = 307200Ts), which
may be identified by a system frame number (SFN) ranging from O to 1023. Each frame
may include ten 1ms subframes numbered from 0 to 9. A subframe may be further
divided into two 0.5ms slots, each of which contains 6 or 7 modulation symbol periods
(depending on the length of the cyclic prefix prepended to each symbol). Excluding the
cyclic prefix, each symbol contains 2048 sample periods. In some cases, the subframe
may be the smallest scheduling unit, also known as a TTI duration. In other cases, a TTI
duration may be shorter than a subframe or may be dynamically selected (e.g., in short
TTI duration bursts or in component carriers using short TTI durations (for example,

sTTIs)).

[0038] A resource element may consist of one symbol period and one subcarrier (e.g.,
a 15 KHz frequency range). A resource block may contain 12 consecutive subcarriers in
the frequency domain and, for a normal cyclic prefix in each OFDM symbol, 7
consecutive OFDM symbols in the time domain (1 slot), or 84 resource elements. The
number of bits carried by each resource element may depend on the modulation scheme
(the configuration of symbols that may be selected during each symbol period). Thus,
the more resource blocks that a UE receives and the higher the modulation scheme, the

higher the data rate may be.

[0039] For illustrative purposes, the following examples and figures may be described
with reference to UE 115 and base station 105 of FIG. 1; however, other types of UEs
or base stations may be used in same or other examples without limiting the scope of the

present disclsoure.

[0040] FIG. 2 illustrates an example of a frame structure 200 containing shortened
transmission time intervals. A transmission timeline may be partitioned into units
referred to herein as (radio) frames. Depicted are frames t-1, t, and t+1. Each frame 205

may have a defined duration (e.g., 10 milliseconds (ms)) and may be partitioned into a
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defined number of subframes 210 having corresponding indices (e.g., 10 subframes with
indices of 0 through 9). A subframe 210 may be used for uplink communication or
downlink communication. In uplink communication, a UE 115 transmits to a base
station 105. In downlink communication, a base station 105 communicates to a UE 115.
Each subframe 210 may include two slots and each slot may include L symbol periods,
e.g., L=7 symbol periods for a normal cyclic prefix or L=6 symbol periods for an
extended cyclic prefix. The 2L symbol periods in each subframe may be assigned

indices of O through 2L—-1.

[0041] The available time and frequency resources of each subframe 210 may be
partitioned into resource blocks (RBs). Each resource block may cover N subcarriers
(e.g., 12 subcarriers) in one slot. Each subcarrier may occupy a certain frequency
bandwidth (e.g., 15 kiloHertz (kHz)). One or more resource elements may be available
in each symbol period. Each resource element (RE) may cover one subcarrier in one
symbol period and may be used to send one modulation symbol, which may be a real or
complex value. Resource elements not used for a reference signal in each symbol period
may be arranged into resource element groups (REGs). Each REG may include four

resource elements in one symbol period.

[0042] A TTI 215 may be referred to as a duration in time of a subframe 210 (e.g., 1
ms). An sTTI 220 (e.g., 220-a to 220-d) may have a duration that is less than the
duration of TTI 215. In an example, an sTTI 220 may include one or more symbols,
may correspond to a duration of a single slot, or the like. An sTTI may be referred to as
slot TTTI for duration equal to a slot, and sub-slot TTI for duration less than a slot. In the
depicted example, sTTI 220-a may have slot sTTI, occupying a duration of one slot, and
sTTI 220-b, 220-c, and 220-d, each with sub-slot sTTI, may collectively occupy a

duration of one slot.

[0043] A channel transmitted within a TTI 215 may be referred to as non-shortened
TTI (or legacy) channel, and one within an sTTI 220 an sTTI (or shortened) channel. In
some examples, a TTI 215 may transport physical downlink shared channel (PDSCH) in
the downlink and physical uplink shared channel (PUSCH) in the uplink. An sTTI 220
may transport shortened PDSCH (sPDSCH) in the downlink and shortened PUSCH
(sPUSCH) in the uplink.
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[0044] FIG. 3 illustrates various examples of TBS tables 300 for TBS computation of
non-shortened TTI channels. A channel may transport data in one or more transport
blocks. A transport block may contain one or more units of data. The number of the
transported units is referred to as TBS of the transport block. An TBS may be expressed
in units of bits, bytes, or the like; for example, TBS is defined in bits for LTE systems.
TBS may vary with the amount of available communication resources (including time,
frequency, and/or spatial dimension) for a transport block. A ratio of TBS to the amount
of available communication resources may provide a measure of efficiency in resource
utilization. The larger the TBS for a given amount of resources, the higher the resource
utilization but the less the redundancy added to protect against communication errors.
Different TBS values may be selected depending on channel conditions, available

resources, or other considerations.

[0045] A transport block may be mapped to one or more layers over which data of the
transport block can be sent. In some cases, multiple layers can be created in spatial
dimension using multiple antennas. For example, a 2-by-2 MIMO system may provide
two spatial layers on the same time and frequency resources. A transport block may
occupy the two layers (i.e., one mapped to two layers), or each of two transport blocks

may separately occupy only one of the two layers (i.e., each mapped to one layer).

[0046] A baseline table 310 may contain one or more TBS values as entries 315. The
entries 315 may be indexed by an TBS index (e.g., I TBS) and a PRB index (e.g.,
N_PRB representing the number of physical resource blocks (PRBs) for a transport
block). For the same PRB index, different TBS indices may point to different TBS
values. In some cases, the same TBS index may provide for approximately the same

level of resource utilization as PRB index varies.

[0047] As an example of the baseline table 310, the I_TBS may range from 0 to 26,
and N_PRB may range from 1 to 110. Thus, the baseline table 310 has 27-by-110
entries 315. The TBS values of the entries 315 may generally increase along with
I_TBS or N_PRB. In some cases, the TBS values are byte-aligned, that is, being
multiples of eight (1 byte = 8 bits).

[0048] A baseline table 310 may be used to compute TBS for a transport block
mapped to one layer. As illustrated by a look-up operation 320, the TBS of the transport
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block is given by the corresponding entry 315 in the baseline table 310 indexed by the
(I_TBS, N_PRB) pair, wherein the transport block is assigned I_TBS and has N_PRB
of RBs.

[0049] The baseline table 310 may also be used to compute TBS for a transport block
mapped to multiple (M) layers (M>1). The number of available resources may generally
increase proportionally along with the number of layers. For a given TBS index, the
number of available resource may also generally increase proportionally along with the
PRB index. In some scenarios, the baseline table 310 may accommodate the increased
layer without the use of an additional table. Consider a transport block mapped to M
layer has assigned an I_TBS and has N_PRB number of PRBs. If N_PRB multiplied by
M does not exceed the maximum PRB index of the baseline table 310 (e.g., 110), the
TBS of the transport block may be given by the TBS value of the baseline table 310
indexed by (I_TBS, M times N_PRB).

[0050] A translation table 330 may be used in conjunction with the baseline table 310
to compute TBS when the baseline table 310 may not able to accommodate the M-fold
increased value of N_PRB. For example, if N_PRB equals to 60 and M equals to 2, M
times N_PRB, being 120, may exceed the range of PRB indices of the baseline table
(e.g., 1 to 110). In such a case, the TBS computation first uses the baseline table 310 to
generate a baseline size (denoted by TBS_L.1) as if the transport block were mapped to
one layer instead of multiple layers. For example, TBS_L1 may be given by the
corresponding entry 315 of the baseline table 310 indexed by the TBS index (I_TBS)
and PRB index (N_PRB) of the transport block.

[0051] The translation table 330 then maps the baseline size (TBS_L1) from the
baseline table 310 to a TBS value (denoted by TBS_LM) for the transport block mapped
to M layers. The translation table 330 may contain one or more TBS values as entries
335, and the entries 335 may be indexed by TBS_L1 values. As illustrated by a
translation operation 340, after TBS_L1 is computed, the TBS for the transport block
may be given by the corresponding TBS_LM value indexed by the TBS_L1 in the

translation table 330.

[0052] The baseline table 310 and the translation table 330 together provide a TBS

computation mechanism for non-shortened or legacy channels. Legacy systems and
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implementations may be designed and/or optimized based on these tables. For example,
turbo codes interleavers may have fixed sizes corresponding to the TBS values of these
tables. It may be beneficial to reuse the baseline table 310 and the translation table 330

to support TBS computation the sTTI channels.

[0053] Asillustrative examples in the context of LTE systems, the baseline table 310
may be Table 7.1.7.2.1-1, and the translation table 330 may be Table 7.1.7.2.2-1 for two
layer (or Table 7.1.7.2.4-1 for three layers, or Table 7.1.7.2.5-1 for four layers), defined
in the 3rd Generation Partnership Project (3GPP) Technical Specification series 36.213
(LTE Release 8 or onwards).

[0054] FIG. 4 illustrates an example of a method 400 of computing TBS for sTTI
channels. The method 400 may adapt a baseline table and a translation table originally
for legacy channels to sTTI channels which may have relatively fewer number of
resources (e.g., symbols in time duration). A UE 115, a base station 105, or a
component therein may perform the method 400 to determine TBS of a transport block
mapped to one or more layers for an sTTI channel (e.g., sSPDSCH or sPUSCH). The
TBS computation may be implemented in a similar way at both a transmitter and a

receiver to process a legacy or sTTI channel between the transmitter and the receiver.

[0055] Atblock 410, an initial size may be determined using at least a baseline table.
In addition to the baseline table, the TBS computation for legacy channels may also use
a translation table, e.g., such as discussed above with reference to FIG. 3. The baseline
table and the translation table may be examples of the baseline table 310 and the
translation table 330 described with reference to FIG. 3. In some examples, the baseline
table alone may provide TBS values for a transport block mapped to one layer, or in
some scenarios, for a transport block mapped to multiple layers. In other scenarios, the
translation table may be used in conjunction with the baseline table to provide TBS
values for a transport block mapped to more than one layers. The translation table may
map a baseline size from the baseline table to a TBS for a transport block mapped to
multiple layers. The baseline table and the translation table may contain all the valid

TBS values that a transport block can use.

[0056] The initial size may be determined as if the transport block were for a

corresponding non-shortened channel for the same TBS index and channel bandwidth
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(e.g., as measured by the number of allocated PRBs) but with longer transmission
duration in time. However, the shorter transmission time interval of the sTTI channel
may provide a fewer number of symbols for data transmission. For example, while a
legacy PDSCH may have thirteen or more data (OFDM) symbols in a subframe, an
sPDSCH may not have more than seven symbols for slot sTTI or three symbols for sub-

slot sSTTL

[0057] At block 420, the initial size may be scaled by a factor associated with the
sTTI channel. The scaling factor may be chosen based on the length of an sTTI relative
to non-shorten TTI. For example, the scaling factors for downlink channels may be 1/2
for slot sTTI channels or 1/6 for sub-slot sTTI channels; the scaling factors for uplink
channels may be 1/2 for slot STTI channels, 1/6 for sub-slot sTTI channels, or 1/12 for

sub-slot sTTI channels containing only one data symbol.

[0058] After scaling, the scaled size could be a non-integer value, and even if the
scaled size is an integer value, it may not match exactly with any TBS value or entry of
the baseline table or the translation table. It may be beneficial to round the scaled size to
a suitable entry in the baseline table or the translation table, such that a transport block
of the newer sTTI channel can reuse an existing TBS value supported by a legacy

system.

[0059] In one example, a baseline table is selected if the transport block is mapped to
one layer, but if the transport block is mapped to more than one (M>1) layer, a
translation table corresponding to M layers is selected irrespective of the value of the
scaled size. However, some translation table may have a relatively large minimum TBS
value among its table entries, and the scaled size may be substantially smaller than the
minimum TBS value. In this case, choosing a TBS value from the translation table may
be problematic. For example, the previously referred LTE Table 7.1.7.2.2-1, Table
7.1.7.2.4-1, Table 7.1.7.2.5-1 all have minimum value of 3112 as a (translated) TBS

value.

[0060] Consider a 2-layer (M=2) sub-slot sSPDSCH with 50 RBs (N_PRB=50) and
TBS index of 26A (I_TBS=26A). For N_PRB smaller than or equal to 55 (assuming the
PRB index of the baseline table ranges from 1 to 110), the TBS of the 2-layer for non-
shortened channels is the (I_TBS=26A, 2N_PRB=100) entry of the baseline table,
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which may have a TBS value of 66592. Thus, the initial size is 66592. After scaling
with 1/6 (the scaling factor associated with the sub-slot sPDSCH), the scaled size is
11098.66 (i.e., 66592/6). A TBS value of 11064 from the translation table may appear
to be a relatively close approximation of the scaled size. (The TBS value of 11064 may
originally be a TBS_L2 entry indexed by TBS_L1 value of 5544 in the translation
table.)

[0061] Now consider a 2-layer (M=2) sub-slot sSPDSCH with 12 RBs (N_PRB=12)
and TBS index of 4 (I_TBS=4). The initial size is given by the (I_TBS=4,
2N_PRB=2x12=24) entry of the baseline table, which may have a TBS value of 1736.
Accordingly, the scaled size is 289.3 (1736/6). However, the translation table may have
a minimum TBS value of 3112, which may be substantially larger than the scaled size
(as in this case, 3112 is more than double of 289.3). A sub-slot sTTI with 12 RBs may
carry at most 576 coded bits for data transmission. Thus, if the TBS of the transport
block were chosen to be 3112 or any other TBS value in the translation table, the
resulting transmission could have a coding rate greater than one, that is, there are more

bits to transmit than the channel resources can support.

[0062] At block 430, a table may be selected from either the baseline table, or a
translation table, or a combination thereof. In some cases, considering the value of the
scaled size in table selection can avoid the problem discussed above. The scaled size
may be compared to a threshold. The threshold may depend on the TBS values of the
translation table, for example, being the smallest TBS value of the translation table (e.g.,

3112 in the preceding examples).

[0063] In one aspect, the baseline table may be selected if the scaled size is smaller
than the threshold. In such case, TBS computation may avoid using the translation table
for some TBS and PRB index combinations that may produce small scaled sizes relative
to the translation table. In some implementations, if the scaled size is greater than or
equal to the threshold, the baseline table may be selected for a transport block mapped

to one layer, or the translation table otherwise.

[0064] In another aspect, if the scaled size is greater than the threshold, the baseline
table or a translation table may be selected depending on a number of layers to which

the transport block of the sTTI channel is mapped. For example, if the scaled size is
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greater than the threshold, then the baseline table is selected if the transport block is
mapped to one layer or a translation table associated with M layers is selected if the

transport block is mapped to M layers (M>1).

[0065] In yet another aspect, the translation table may be selected if the scaled size is
greater than the threshold and if the translation table is used to determine the initial size.
In some cases, the TBS values of the baseline table may have finer granularity than the
TBS values of the translation table. The finer granularity in TBS values of