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(57) Abstract: Methods, apparatus and systems for determining a transport block size in wireless communications are disclosed. In one
embodiment, a method performed by a wireless communication device is disclosed. The method comprises: receiving information from
a wireless communication node, wherein the information includes a plurality of transmission parameters related to transport blocks to
be transmitted between the wireless communication device and a wireless communication node; calculating an intermediate transport
block size (TBS) for the transport blocks based on the plurality of transmission parameters;, modifying the intermediate TBS to generate
a modified TBS; determining a final TBS for the transport blocks based on the modified TBS and a current set of TBSs; and updating
the current set based on at least one new TBS to generate an updated set of TBSs for future TBS determinations.
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METHODS, APPARATUS AND SYSTEMS FOR DETERMINING TRANSPORT
BLOCK SIZE IN WIRELESS COMMUNICATIONS

TECHNICAL FIELD

The disclosure relates generally to wireless communications and, more particularly, to

methods, apparatus and systems for determining a transport block size in wireless communications.
BACKGROUND

Wireless networking systems have become a prevalent means by which a majority of
people worldwide has come to communicate. A typical wireless communication network (e.g.,
employing frequency, time, and/or code division techniques) includes one or more base stations
(typically known as a “BS”) that each provides a geographical radio coverage, and one or more
wireless user equipment devices (typically know as a “UE”) that can transmit and receive data
within the radio coverage.

In a wireless communication system, e.g. the fifth-generation (5G) new radio (NR)
network, a transport block (TB) is usually encoded and then sent. In an NR network, transport
block sizes (TBSs) are determined based on a look-up table and/or formula, and N;,y, that is obtained
by a product of the total number of resource elements (Nzg), the number of mapping layers (v), the
modulation order (Q,,) and code rate (R) that is determined by modulation and coding scheme (MCS)
index and MCS table for physical downlink shared channel (PDSCH) or physical uplink shared
channel (PUSCH).

There are two performances to balance in the TBS determination procedure: effective
code rate and scheduling flexibility. An effective code rate is the information bits (including cyclic
redundancy check (CRC) bits, i.e., TBS + CRC) divided by the actual information bits (i.e., Ngz * v *
On) on the PDSCH or PUSCH. Scheduling flexibility is the number of different combinations of
the number of physical resource blocks (PRBs), the number of resource elements per PRB and MCS
index allocated by the control information supported by each TBS. The more different
combinations supported by each TBS, the better scheduling flexibility of each TBS is for initial

transmission and re-transmission.
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Existing TBS determination procedures have an inferior effective code rate performance,
especially at the allocated highest MCS index of 64-Quadrature Amplitude Modulation (64-QAM)
MCS table and 256-QAM MCS table. In addition, packet sizes for special scenario or service, €.g.
Voice over Internet Protocol (VolIP) packet sizes, may be needed to add into the current TBS look-up
table. That is, the TBS table may be updated from time to time. There is no existing method to
update the TBS table without degrading the scheduling flexibility during TBS determination.

Thus, existing systems and methods for determining a transport block size in wireless

communications are not entirely satisfactory.

SUMMARY OF THE INVENTION

The exemplary embodiments disclosed herein are directed to solving the issues relating
to one or more of the problems presented in the prior art, as well as providing additional features
that will become readily apparent by reference to the following detailed description when taken in
conjunction with the accompany drawings. In accordance with various embodiments, exemplary
systems, methods, devices and computer program products are disclosed herein. It is understood,
however, that these embodiments are presented by way of example and not limitation, and it will
be apparent to those of ordinary skill in the art who read the present disclosure that various
modifications to the disclosed embodiments can be made while remaining within the scope of the
present disclosure.

In one embodiment, a method performed by a wireless communication device is
disclosed. The method comprises: receiving information from a wireless communication node,
wherein the information includes a plurality of transmission parameters related to transport blocks to
be transmitted between the wireless communication device and a wireless communication node;
calculating an intermediate transport block size (TBS) for the transport blocks based on the plurality
of transmission parameters; modifying the intermediate TBS based on a correction factor and a
quantization factor to generate a modified TBS in response to at least one event; and determining a
final TBS for the transport blocks based on the modified TBS and a set of TBSs. The determining
comprises: determining a subset of one or more TBSs in the set, wherein each TBS in the subset

corresponds to a minimal absolute difference among absolute differences between each TBS in the
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TBS set and the modified TBS, in response to the subset including a single TBS, determining the
single TBS as the final TBS, and in response to the subset including two TBSs, determining one of
the two TBSs as the final TBS, based on one of: a smaller one of the two TBSs, a larger one of the
two TBSs, and a random on¢ of the two TBSs.

In another embodiment, a method performed by a wireless communication device is
disclosed. The method comprises: receiving information from a wireless communication node,
wherein the information includes a plurality of transmission parameters related to transport blocks to
be transmitted between the wireless communication device and a wireless communication node;
calculating an intermediate transport block size (TBS) for the transport blocks based on the plurality
of transmission parameters; modifying the intermediate TBS to generate a modified TBS;
determining a final TBS for the transport blocks based on the modified TBS and a current set of
TBSs; and updating the current set based on at least one new TBS to generate an updated set of TBSs
for future TBS determinations.

In a further embodiment, a method performed by a wireless communication node is
disclosed. The method comprises: generating a plurality of transmission parameters related to
transport blocks to be transmitted between a wireless communication device and the wireless
communication node; calculating an intermediate transport block size (TBS) for the transport blocks
based on the plurality of transmission parameters; modifying the intermediate TBS based on a
correction factor and a quantization factor to generate a modified TBS in response to at least one
event; determining a final TBS for the transport blocks based on the modified TBS and a set of TBSs;
and transmitting information that includes the plurality of transmission parameters to the wireless
communication device. The determining comprises: determining a subset of one or more TBSs in
the set, wherein each TBS in the subset corresponds to a minimal absolute difference among absolute
differences between each TBS in the TBS set and the modified TBS, in response to the subset
including a single TBS, determining the single TBS as the final TBS, and in response to the subset
including two TBSs, determining one of the two TBSs as the final TBS, based on one of: a smaller
one of the two TBSs, a larger one of the two TBSs, and a random one of the two TBSs.

In another embodiment, a method performed by a wireless communication node is
disclosed. The method comprises: generating a plurality of transmission parameters related to

transport blocks to be transmitted between a wireless communication device and the wireless
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communication node; calculating an intermediate transport block size (TBS) for the transport blocks
based on the plurality of transmission parameters; modifying the intermediate TBS to generate a
modified TBS; determining a final TBS for the transport blocks based on the modified TBS and a
current set of TBSs; and updating the current set based on at least one new TBS to generate an
updated set of TBSs for future TBS determinations.

In a different embodiment, a wireless communication device configured to carry out a
disclosed method in some embodiment is disclosed.

In yet another embodiment, a wireless communication node configured to carry out a
disclosed method in some embodiment is disclosed.

In still another embodiment, a non-transitory computer-readable medium having stored
thereon computer-executable instructions for carrying out a disclosed method in some embodiment

is disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments of the present disclosure are described in detail below
with reference to the following Figures. The drawings are provided for purposes of illustration only
and merely depict exemplary embodiments of the present disclosure to facilitate the reader's
understanding of the present disclosure. Therefore, the drawings should not be considered limiting
of the breadth, scope, or applicability of the present disclosure. It should be noted that for clarity
and ease of illustration these drawings are not necessarily drawn to scale.

FIG. 1A illustrates an exemplary communication network in which techniques disclosed
herein may be implemented, in accordance with an embodiment of the present disclosure.

FIG. 1B illustrates an exemplary effective code rate performance for a transport block
size (TBS) determination based on 64-Quadrature Amplitude Modulation (64-QAM), in accordance
with an embodiment of prior art.

FIG. 1C illustrates an exemplary effective code rate performance for a TBS determination
based on 256-Quadrature Amplitude Modulation (256-QAM), in accordance with an embodiment of
prior art.

FIG. 2 illustrates a block diagram of a user equipment (UE), in accordance with some

embodiments of the present disclosure.
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FIG. 3 illustrates a flow chart of a method performed by a UE for determining a TBS and
updating a TBS set in a wireless communication, in accordance with some embodiments of the
present disclosure.

FIG. 4 illustrates a block diagram of a base station (BS), in accordance with some
embodiments of the present disclosure.

FIG. 5 illustrates a flow chart of a method performed by a BS for determining a TBS and
updating a TBS set in a wireless communication, in accordance with some embodiments of the
present disclosure.

FIG. 6 illustrates a flow chart of a method for determining a TBS, in accordance with an
embodiment of the present disclosure.

FIG. 7A illustrates an exemplary effective code rate performance for a TBS determination
based on 64-QAM, in accordance with an embodiment of the present disclosure.

FIG. 7B illustrates an exemplary effective code rate performance for a TBS determination
based on 256-QAM, in accordance with an embodiment of the present disclosure.

FIG. 8A illustrates another exemplary effective code rate performance for a TBS
determination based on 64-QAM, in accordance with an embodiment of the present disclosure.

FIG. 8B illustrates another exemplary effective code rate performance for a TBS
determination based on 256-QAM, in accordance with an embodiment of the present disclosure.

FIG. 9A illustrates yet another exemplary effective code rate performance for a TBS
determination based on 64-QAM, in accordance with an embodiment of the present disclosure.

FIG. 9B illustrates yet another exemplary effective code rate performance for a TBS
determination based on 256-QAM, in accordance with an embodiment of the present disclosure.

FIG. 10A illustrates still another exemplary effective code rate performance for a TBS
determination based on 64-QAM, in accordance with an embodiment of the present disclosure.

FIG. 10B illustrates still another exemplary effective code rate performance for a TBS
determination based on 256-QAM, in accordance with an embodiment of the present disclosure.

FIG. 11A illustrates a different exemplary effective code rate performance for a TBS
determination based on 64-QAM, in accordance with an embodiment of the present disclosure.

FIG. 11B illustrates a different exemplary effective code rate performance for a TBS

determination based on 256-QAM, in accordance with an embodiment of the present disclosure.
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FIG. 12A illustrates a further exemplary effective code rate performance for a TBS
determination based on 64-QAM, in accordance with an embodiment of the present disclosure.
FIG. 12B illustrates a further exemplary effective code rate performance for a TBS

determination based on 256-QAM, in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Various exemplary embodiments of the present disclosure are described below with
reference to the accompanying figures to enable a person of ordinary skill in the art to make and use
the present disclosure. As would be apparent to those of ordinary skill in the art, after reading the
present disclosure, various changes or modifications to the examples described herein can be made
without departing from the scope of the present disclosure. Thus, the present disclosure is not
limited to the exemplary embodiments and applications described and illustrated herein.
Additionally, the specific order and/or hierarchy of steps in the methods disclosed herein are merely
exemplary approaches. Based upon design preferences, the specific order or hierarchy of steps of
the disclosed methods or processes can be re-arranged while remaining within the scope of the
present disclosure. Thus, those of ordinary skill in the art will understand that the methods and
techniques disclosed herein present various steps or acts in a sample order, and the present disclosure
is not limited to the specific order or hierarchy presented unless expressly stated otherwise.

In a wireless communication system, e.g. the fifth-generation (5G) new radio (NR)
network, a transport block (TB) is usually encoded and then sent. Existing TBS determination
procedures have an inferior effective code rate performance, especially at the allocated highest MCS
index of 64-QAM MCS table and 256-QAM MCS table. When an intermediate TBS is smaller than
a threshold, the effective code rates of most TBSs determined based on different possible resource
configurations are larger than 0.95, which is a poor channel coding such that the receiver will skip
decoding and report decoding error. As such, many resource allocations are not available for initial
transmission and re-transmission.

In response to this problem, the present disclosure provides a method to determine the
size of the transport block. This method modifies the existing TBS calculation by introducing a

correction factor and a quantization factor to achieve a modified TBS. The correction factor and
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the quantization factor may be applied in either order. In one example, the quantization factor is one
such that no quantization is applied when generating the modified TBS. The UE can select a TBS
from a TBS table based on the modified TBS. For example, the UE can calculate, corresponding to
each TBS in the table, an absolute difference between the TBS and the modified TBS to generate a
plurality of absolute differences; and determine a subset of one or more TBSs from the table, such
that each TBS in the subset corresponds to an absolute difference that is not larger than any one of the
plurality of absolute differences. In one embodiment, the subset includes a single TBS, and the
single TBS is selected as the final TBS for data transmission. In another embodiment, the subset
includes two TBSs, and the UE sclects one of the two TBSs as the final TBS, based on on¢ of: a
smaller one of the two TBSs, a larger one of the two TBSs, and a random one of the two TBSs.

In addition, packet sizes for special scenario or service, e.g. Voice over Internet Protocol
(VoIP) packet sizes, may be needed to add into the current TBS look-up table. That is, the TBS
table may be updated from time to time. Directly adding a TBS into the current TBS table may
degrade the scheduling flexibility during TBS determination. In response to this problem, the
present disclosure provides a method to update the current TBS table, to ensure the TBSs in the
updated table have a good granularity that may be represented by differences between adjacent
TBSs in the table. For example, the TBS table may be updated to achieve a granularity that is not
too large or too small, an even granularity, and/or an increasing granularity for TBSs less than a
threshold in the table.

The methods disclosed in the present teaching can be implemented in a wireless
communication network, where a BS and a UE can communicate with each other via a
communication link, e.g., via a downlink radio frame from the BS to the UE or via an uplink radio
frame from the UE to the BS. In various embodiments, a BS in the present disclosure can include,
or be implemented as, a next Generation Node B (gNB), an E-UTRAN Node B (eNB), a
Transmission/Reception Point (TRP), an Access Point (AP), etc.; while a UE in the present
disclosure can include, or be implemented as, a mobile station (MS), a station (STA), etc. A BS and
a UE may be described herein as non-limiting examples of “wireless communication nodes,” and
“wireless communication devices” respectively, which can practice the methods disclosed herein
and may be capable of wireless and/or wired communications, in accordance with various

embodiments of the present disclosure.
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FIG. 1A illustrates an exemplary communication network 100 in which techniques
disclosed herein may be implemented, in accordance with an embodiment of the present disclosure.
As shown in FIG. 1A, the exemplary communication network 100 includes a base station (BS) 101
and a plurality of UEs, UE 1 110, UE 2 120 ... UE 3 130, where the BS 101 can communicate with
the UEs according to some wireless protocols. For example, before a downlink transmission, the
BS 101 transmits downlink control information (DCI) to a UE, e.g. UE 1 110, to schedule a transport
block (TB) to be transmitted from the BS 101 to the UE 1 110. The DCI may include a plurality of
transmission parameters related to the transport blocks to be transmitted. Based on the plurality of
transmission parameters, the UE may determine a transport block size (TBS) for transmission of the
transport blocks. According to various embodiments, the TBS determination may be performed by
the BS and/or the UE, and may be applied to downlink and/or uplink TB transmissions.

In an NR network, a final transport block size (TBS) is determined based on a look-up
table and/or formula, and N, that is obtained by a product of the total number of resource elements
(Ngg), the number of mapping layers (v), the modulation order (0, and code rate (R) that is
determined by modulation and coding scheme (MCS) index and MCS table for physical downlink
shared channel (PDSCH) or physical uplink shared channel (PUSCH). Effective code rate and
scheduling flexibility are two performances to balance during the TBS determination.

The effective code rate would usually not be exactly equal to the target code rate because
of the difference between the final TBS and N,,;. A UE may skip decoding a transport block in an
initial transmission if the effective channel code rate is higher than 0.95. Therefore, when the
difference between the final TBS and N, is slightly large, the effective code rate is probably larger
than 0.95. In addition, the scheduling flexibility will be reduced and the performance of throughput
will also be degraded. The effective code rate is an important evaluation parameter for a TBS
determination algorithm.

The effective code rate performance for current TBS determination procedures are shown
FIG. 1B and FIG. 1C. FIG. 1B shows an effective code rate performance based on the highest MCS
index of the 64-QAM MCS Table A and simulation parameters in Table C. FIG. 1C shows an
effective code rate performance based on the highest MCS index of the 256-QAM MCS Table B and

simulation parameters in Table C.
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Table A is shown below.

0 2 120 0.2344
1 2 157 0.3066
2 2 193 0.377
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.877
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 438 2.5664
18 6 466 2.7305
19 6 517 3.0293
20 6 567 3.3223
21 6 616 3.6094
22 6 666 3.9023
23 6 719 4.2129
24 6 772 4.5234
25 6 822 4.8164
26 6 873 5.1152
27 6 910 5.332
28 6 948 5.5547

PCT/CN2018/082015
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Table B is shown below.

0 2 120 0.2344
1 2 193 0.377
2 2 308 0.6016
3 2 449 0.877
4 2 602 1.1758
5 4 378 1.4766
6 4 434 1.6953
7 4 490 1.9141
8 4 553 2.1602
9 4 616 2.4063
10 4 658 2.5703
11 6 466 2.7305
12 6 517 3.0293
13 6 567 3.3223
14 6 616 3.6094
15 6 666 3.9023
16 6 719 4.2129
17 6 772 4.5234
18 6 822 4.8164
19 6 873 5.1152
20 8 682.5 5332
21 8 711 5.5547
22 8 754 5.8906
23 8 797 6.2266
24 8 841 6.5703
25 8 885 6.9141
26 8 916.5 7.1602
27 8 948 7.4063

10
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Table C is shown below.

The number of PRB(72pgp) 1~273 in NR.
The number of mapping L4
layers(v)
The number of symbols within
aslot( N, 3~14
The overhead configured by
{0,6,12,18}

Xoh-PDSCH( v7%)

{6,8,12,16,18,20,24,28,30,32,36,40,42,44,48,52,54,56,60,6
The number of REs within a 4,66,68,70,72,76,78,80,82,84,88,90,92,94,96,100,102,104,
PRB(Nrg) 106,108,112,114,116,118,120,124,126,128,130,132,136,13
8,140,144,148,150,152,156} in NR;
Table A: MCS index table A for PDSCH;
Table B: MCS index table A for PDSCH.
As shown in FIG. 1B, the effective code rates 140 based on the highest MCS index of
64-QAM MCS table as shown in Table A are about 30% higher than 0.95. As shown in FIG. 1C, the
effective code rates 140 based on the highest MCS index of 256-QAM MCS table as shown in Table

B are about 23% higher than 0.95. Moreover, there is also a serious dispersal of effective code rate

MCS Tables

leading to a large number of unavailable scheduling parameters.
Table D is shown below.

TBS

24
32
40
48
56
64
72
80
88
96
104
112
120
128
136
144
152
160
168
176
184
192
208
224
240
256
272
288
304
320

TBS

336
352
368
384
408
432
456
480
504
528
552
576
608
640
672
704
736
768
808
848
888
928
984
1032
1064
1128
1160
1192
1224
1256

TBS

1288
1320
1352
1416
1480
1544
1608
1672
1736
1800
1864
1928
2024
2088
2152
2216
2280
2408
2472
2536
2600
2664
2728
2792
2856
2976
3104
3240
3368
3496

TBS

3624
3752
3824

11
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When N, < the maximum TBS among TBSs in the look-up table as shown in Table D,
there are some packet sizes for special scenario or service, e.g. VolIP packet sizes, that are not
included in the current TBS table. One may add these packet sizes in the TBS table directly, for
example, special TBSs such as 328, 344, 688, 720, 752 are inserted in the look-up table directly and
placed at a position between two TBSs. One of the two TBSs is a TBS, in the look-up table, that is
closest to and larger than the special TBS among the look-up table; while the other one of the two
TBSs is a TBS, in the look-up table, that is closest to and smaller than the special TBS.

If one inserts all the special TBSs directly, the original {...304, 320, 336, 352, 368...}
with a fixed granularity 16 (namely 320-304 =16) becomes {...304, 320, 328,336, 344, 352, 368...}
with an uneven granularity {...16, 8, 8, 8, 8, 16...}, where the first step and the last step are larger

than the four intermediate steps. This will degrade the scheduling flexibility.

Table 1 below shows a new look-up table updated based on the above method.

FIG. 2 illustrates a block diagram of a user equipment (UE) 200, in accordance with some
embodiments of the present disclosure. The UE 200 is an example of a device that can be
configured to implement the various methods described herein. As shown in FIG. 2, the UE 200
includes a housing 240 containing a system clock 202, a processor 204, a memory 206, a transceiver

210 comprising a transmitter 212 and receiver 214, a power module 208, a control information

12
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analyzer 220, an intermediate transport block size calculator 222, a transport block size modifier 224,
a final transport block size determiner 226, and a transport block size set updater 228. In this
embodiment, the system clock 202 provides the timing signals to the processor 204 for controlling
the timing of all operations of the UE 200. The processor 204 controls the general operation of the
UE 200 and can include one or more processing circuits or modules such as a central processing unit
(CPU) and/or any combination of general-purpose microprocessors, microcontrollers, digital signal
processors (DSPs), field programmable gate array (FPGAs), programmable logic devices (PLDs),
controllers, state machines, gated logic, discrete hardware components, dedicated hardware finite
state machines, or any other suitable circuits, devices and/or structures that can perform calculations
or other manipulations of data.

The memory 206, which can include both read-only memory (ROM) and random access
memory (RAM), can provide instructions and data to the processor 204. A portion of the memory
206 can also include non-volatile random access memory (NVRAM). The processor 204 typically
performs logical and arithmetic operations based on program instructions stored within the memory
206. The instructions (a.k.a., software) stored in the memory 206 can be executed by the processor
204 to perform the methods described herein. The processor 204 and memory 206 together form a
processing system that stores and executes software. As used herein, “software” means any type of
instructions, whether referred to as software, firmware, middleware, microcode, etc. which can
configure a machine or device to perform one or more desired functions or processes. Instructions
can include code (e.g., in source code format, binary code format, executable code format, or any
other suitable format of code). The instructions, when executed by the one or more processors,
cause the processing system to perform the various functions described herein.

The transceiver 210, which includes the transmitter 212 and receiver 214, allows the UE
200 to transmit and receive data to and from a remote device (e.g., the BS or another UE). An
antenna 250 is typically attached to the housing 240 and electrically coupled to the transceiver 210.
In various embodiments, the UE 200 includes (not shown) multiple transmitters, multiple receivers,
and multiple transceivers. In one embodiment, the antenna 250 is replaced with a multi-antenna
array 250 that can form a plurality of beams each of which points in a distinct direction. The
transmitter 212 can be configured to wirelessly transmit packets having different packet types or

functions, such packets being generated by the processor 204. Similarly, the receiver 214 is
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configured to receive packets having different packet types or functions, and the processor 204 is
configured to process packets of a plurality of different packet types. For example, the processor
204 can be configured to determine the type of packet and to process the packet and/or fields of the
packet accordingly.

In a wireless communication, the UE 200 may receive information from a BS. The
information may be downlink control information (DCI) in this embodiment. For example, the
control information analyzer 220 may receive, via the receiver 214, DCI including a plurality of
transmission parameters related to transport blocks to be transmitted between the UE 200 and the BS,
e.g. from the BS to the UE 200. The control information analyzer 220 may analyze the DCI to
identify the plurality of transmission parameters, which may include at least one of: a quantity of
layers configured for transmission of the transport blocks; a modulation order configured for
transmission of the transport blocks; a code rate configured for transmission of the transport blocks;
a quantity of physical resource blocks configured for transmission of the transport blocks; a quantity
of resource elements per each physical resource block; a total quantity of resource elements for
transmission of the transport blocks, which is a product of the quantity of physical resource blocks
and the quantity of resource elements per physical resource block; and a spectral efficiency
configured for transmission of the transport blocks, which is equal to a product of the modulation
order and the code rate. The control information analyzer 220 may send the analyzed DCI including
the plurality of transmission parameters to the intermediate transport block size calculator 222 for
calculating an intermediate transport block size (TBS), and to the transport block size modifier 224
for modifying the intermediate TBS to generate a modified TBS.

The intermediate transport block size calculator 222 in this example receives the analyzed
DCI including the plurality of transmission parameters from the control information analyzer 220.
Based on the plurality of transmission parameters, the intermediate transport block size calculator
222 calculates an intermediate TBS for the transport blocks to be transmitted from the BS to the UE
200. In one embodiment, the intermediate transport block size calculator 222 can calculate the
intermediate TBS based on the plurality of transmission parameters. The intermediate transport
block size calculator 222 transmits the intermediate TBS to the transport block size modifier 224 for

modifying the intermediate TBS to generate a modified TBS.
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The transport block size modifier 224 in this example can receive the plurality of
transmission parameters from the control information analyzer 220 and receive the intermediate TBS
from the intermediate transport block size calculator 222. The transport block size modifier 224
first determines whether a condition is met based on at least one of the plurality of transmission
parameters and at least one threshold. In one embodiment, the condition is met when at least one of
the following happens: the quantity of physical resource blocks is smaller than or equal to a first
threshold, e.g. 2; the modulation order is smaller than or equal to a second threshold, e.g. 4; the total
quantity of resource elements is smaller than a third threshold; and the intermediate transport block
size is smaller than a fourth threshold, e.g. 4000.

When the condition is met, the transport block size modifier 224 modifies the
intermediate transport block size to generate a modified transport block size. In one embodiment,
when the condition is met, the transport block size modifier 224 modifies the intermediate TBS based
on a correction factor and a quantization factor to generate a modified TBS. In one example, the
transport block size modifier 224 first generates a corrected TBS based on the intermediate TBS and
a correction factor; and then quantizes the corrected TBS based on a quantization factor to generate
the modified TBS. In another example, the transport block size modifier 224 first quantizes the
intermediate TBS based on a quantization factor to generate a quantized TBS; and then generates the
modified TBS based on the quantized TBS and a correction factor.

In one embodiment, the transport block size modifier 224 determines the correction factor
based on a coefficient and a correction order. The coefficient may be an integer not smaller than
zero and not larger than three. The correction order may be an integer not smaller than zero and not
larger than four.

In yet another embodiment, the transport block size modifier 224 determines the
quantization factor based on a coefficient and a quantization order, wherein the quantization order is
an integer. In one example, the quantization order is not smaller than zero and not larger than five.
In another example, the coefficient is not smaller than one. In another example, the quantization
order is zero, the coefficient is one, and the quantization factor is one, where no quantization is
applied when generating the modified TBS.

The final transport block size determiner 226 in this example may receive the plurality of

transmission parameters from the control information analyzer 220, and receive the modified TBS
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from the transport block size modifier 224. The final transport block size determiner 226 can
determine a final transport block size based on the modified transport block size for transmission of
the transport blocks.

The final transport block size determiner 226 generates a final TBS for the transport
blocks based on the modified TBS and a set of TBSs. In one embodiment, the final transport block
size determiner 226 calculates, corresponding to each TBS in the set, an absolute difference between
the TBS and the modified TBS to generate a plurality of absolute differences, and determines a
subset of one or more TBSs in the set. Each TBS in the subset corresponds to an absolute difference
that is not larger than any one of the plurality of absolute differences. Then in response to the subset
including a single TBS, the final transport block size determiner 226 selects the single TBS as the
final TBS. In response to the subset including two TBSs, the final transport block size determiner
226 sclects one of the two TBSs as the final TBS, based on one of: a smaller one of the two TBSs, a
larger one of the two TBSs, and a random one of the two TBSs.

In another embodiment, the final transport block size determiner 226 rounds up the
modified transport block size to a closest larger integer to generate an integer transport block size;
determines a quantity of code blocks in each of the transport blocks based on the integer transport
block size and a block segmentation rule related to channel coding; and calculates the final transport
block size based on the integer transport block size and the quantity of code blocks to ensure the
multiple of 8 and equal code block size after block segmentation of the transport blocks. For
example, the final transport block size determiner 226 can determine a least common multiple of
eight and the quantity of code blocks; and determine the final transport block size based on an integer
that is closest to the integer transport block size, among integers that are divisible by the least
common multiple and not smaller than the integer transport block size. Because one byte includes
eight bits, being divisible by the least common multiple of eight and the quantity of code blocks
ensures both the multiple of 8 and equal code block size after block segmentation of the transport
blocks.

In the present disclosure, the expressions “X is divisible by Y” and “X is evenly divisible
by Y” can be used interchangeably to mean that X is a (positive integer) multiple of Y and there is no

remainder.
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In yet another embodiment, the final transport block size determiner 226 generates a
quantized set of transport block sizes, where the quantization step, from a transport block to next
transport block in the quantized set, increases as the transport block size increases. The final
transport block size determiner 226 then determines the final transport block size based on a
transport block size that is closest to the modified transport block size, among transport block sizes
that are in the quantized set and not smaller than the modified transport block size.

In still another embodiment, the final transport block size determiner 226 generates a
quantized set of transport block sizes, where the quantization step, from a transport block to next
transport block in the quantized set, is determined to ensure granularity of the quantized set is larger
than a threshold; and determines the final transport block size based on a transport block size that is
closest to the modified transport block size, among transport block sizes that are in the quantized set
and not smaller than the modified transport block size. In this embodiment, the quantization step is
determined to ensure that the final transport block size is the same for both an initial transmission and
a re-transmission of a transport block.

The transport block size set updater 228 in this example updates a current set of TBSs
based on at least one new TBS to generate an updated set of TBSs for future TBS determinations.
The updated set may include at least one TBS that is not in the current set and is generated based on
at least part of the at least one new TBS. The current and updated TBS sets may be TBS tables. In
one embodiment, the TBSs in the current set are arranged in an increasing order. For each of the at
least one new TBS, the transport block size set updater 228 determines, in the current set, a TBS that
is closest to and larger than the new TBS, and replaces the TBS in the current set with the new TBS to
generate a replaced TBS in the updated set.

In one embodiment, for at least one replaced TBS in the updated set, the transport block
size set updater 228 performs: identifying a first original TBS that is in the current set, and is adjacent
to and smaller than the replaced TBS in the updated set; determining a first distance between the first
original TBS and the replaced TBS; determining a second distance between the first original TBS
and a TBS that is adjacent to and smaller than the first original TBS in the updated set; and deleting
the first original TBS from the updated set in response to the first distance being smaller than the

second distance.
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In another embodiment, for the at least one replaced TBS in the updated set, the transport
block size set updater 228 performs: identifying a second original TBS that is in the current set, and is
adjacent to and smaller than the replaced TBS in the updated set, in response to the first original TBS
deleted from the updated set; determining a third distance between the second original TBS and the
replaced TBS; determining a fourth distance between the second original TBS and a TBS that is
adjacent to and smaller than the second original TBS in the updated set; in response to the third
distance being smaller than the fourth distance and not larger than a threshold, deleting the replaced
TBS from the updated set; and in response to the third distance being smaller than the fourth distance
and larger than the threshold, replacing the second original TBS in the updated set with a corrected
TBS that is adjacent to and smaller than the replaced TBS in the updated set. An absolute difference
between a fifth distance and a sixth distance is not greater than a predetermined value, ¢.g. 8, where
the fifth distance is a distance between the corrected TBS and the replaced TBS, where the sixth
distance is a distance between the corrected TBS and a TBS that is adjacent to and smaller than the
corrected TBS in the updated set.

In yet another embodiment, the TBSs in the updated set are arranged in a first increasing
order such that, for a subset of TBSs in the updated set that are smaller than a threshold, distances
between adjacent TBSs in the subset are in a second increasing order. The threshold may be an
integer that is not smaller than 320 and not larger than a maximum TBS among the TBSs in the
updated set.

In still another embodiment, the TBSs in the updated set are arranged in an increasing
order such that distances between adjacent TBSs in the updated set form a distance sequence; and the
updated set is generated based on the at least one new TBS in a manner such that, for each distance in
the distance set that is not larger than a first threshold, an absolute difference between the distance
and a preceding adjacent distance in the distance sequence is not larger than a second threshold.

The power module 208 can include a power source such as one or more batteries, and a
power regulator, to provide regulated power to each of the above-described modules in FIG. 2. In
some embodiments, if the UE 200 is coupled to a dedicated external power source (e.g., a wall
electrical outlet), the power module 208 can include a transformer and a power regulator.

The various modules discussed above are coupled together by a bus system 230. The bus

system 230 can include a data bus and, for example, a power bus, a control signal bus, and/or a status
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signal bus in addition to the data bus. It is understood that the modules of the UE 200 can be
operatively coupled to one another using any suitable techniques and mediums.

Although a number of separate modules or components are illustrated in FIG. 2, persons
of ordinary skill in the art will understand that one or more of the modules can be combined or
commonly implemented. For example, the processor 204 can implement not only the functionality
described above with respect to the processor 204, but also implement the functionality described
above with respect to the intermediate transport block size calculator 222. Conversely, each of the
modules illustrated in FIG. 2 can be implemented using a plurality of separate components or
elements.

FIG. 3 illustrates a flow chart for a method 300 performed by a UE, e.g. the UE 200 in FIG.
2, for determining a TBS and updating a TBS set in a wireless communication, in accordance with
some embodiments of the present disclosure. At operation 302, the UE receives, from a BS,
information including transmission parameters related to transport blocks to be transmitted between
the UE and the BS. At operation 304, the UE calculates an intermediate transport block size for
the transport blocks based on the transmission parameters. The UE modifies at operation 306 the
intermediate transport block size based on a correction factor and a quantization factor to generate
a modified TBS in response to at least one event. At operation 308, the UE determines a final
TBS based on the modified TBS and a current TBS set. At operation 310, the UE updates the
current TBS set based on at least one new TBS to generate an updated TBS set for future TBS
determinations.

FIG. 4 illustrates a block diagram of a BS 400, in accordance with some embodiments of
the present disclosure. The BS 400 is an example of a device that can be configured to implement
the various methods described herein. As shown in FIG. 4, the BS 400 includes a housing 440
containing a system clock 402, a processor 404, a memory 406, a transceiver 410 comprising a
transmitter 412 and a receiver 414, a power module 408, a control information generator 420, an
intermediate transport block size calculator 422, a transport block size modifier 424, a final transport
block size determiner 426 and a transport block size set updater 428.

In this embodiment, the system clock 402, the processor 404, the memory 406, the
transceiver 410 and the power module 408 work similarly to the system clock 202, the processor 204,

the memory 206, the transceiver 210 and the power module 208 in the UE 200. An antenna 450 or a
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multi-antenna array 450 is typically attached to the housing 440 and electrically coupled to the
transceiver 410.

The control information generator 420 may generate a plurality of transmission
parameters related to transport blocks to be transmitted between the BS 400 and a UE, e.g. from the
BS 400 to the UE 200. The plurality of transmission parameters may include at least one of: a
quantity of layers configured for transmission of the transport blocks; a modulation order configured
for transmission of the transport blocks; a code rate configured for transmission of the transport
blocks; a quantity of physical resource blocks configured for transmission of the transport blocks; a
quantity of resource elements per each physical resource block; a total quantity of resource elements
for transmission of the transport blocks, which is a product of the quantity of physical resource
blocks and the quantity of resource elements per physical resource block; and a spectral efficiency
configured for transmission of the transport blocks, which is equal to a product of the modulation
order and the code rate. The control information generator 420 may send the generated
transmission parameters to the intermediate transport block size calculator 422 for calculating an
intermediate transport block size (TBS), and to the transport block size modifier 424 for modifying
the intermediate TBS to generate a modified TBS. The control information generator 420 also
generates and transmits, via the transmitter 412, information that includes the plurality of
transmission parameters and/or a transport block size, e.g. a final transport block size as discussed
later, to the UE. The information may also include an updated set of TBSs or an updated TBS table
for future TBS determinations.

In one embodiment, the information is downlink control information (DCI). In one
example, the final transport block size and/or the updated TBS table is determined by the BS 400,
such that the BS informs the UE 200 about the final transport block size and/or the updated TBS table
via the DCI. In another example, the final transport block size and/or the updated TBS table is
determined by the UE 200, such that the DCI transmitted by the BS 400 does not include the final
transport block size and/or the updated TBS table. In yet another example, the final transport block
size and/or the updated TBS table is determined by both the BS 400 and the UE 200 according to the
same rule, such that the DCI transmitted by the BS 400 does not include the final transport block size

and/or the updated TBS table.
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The intermediate transport block size calculator 422 in this example receives the plurality
of transmission parameters from the control information generator 420. Based on the plurality of
transmission parameters, the intermediate transport block size calculator 422 calculates an
intermediate TBS for the transport blocks to be transmitted from the BS 400 to the UE 200. In one
embodiment, the intermediate transport block size calculator 422 can calculate the intermediate TBS
based on the transmission parameters. The intermediate transport block size calculator 422
transmits the intermediate TBS to the transport block size modifier 424 for modifying the
intermediate TBS to generate a modified TBS.

The transport block size modifier 424 in this example can receive the plurality of
transmission parameters from the control information generator 420 and receive the intermediate
TBS from the intermediate transport block size calculator 422. The transport block size modifier
424 first determines whether a condition is met based on at least one of the plurality of transmission
parameters and at least one threshold. In one embodiment, the condition is met when at least one of
the following happens: the quantity of physical resource blocks is smaller than or equal to a first
threshold, e.g. 2; the modulation order is smaller than or equal to a second threshold, e.g. 4; the total
quantity of resource elements is smaller than a third threshold; and the intermediate transport block
size is smaller than a fourth threshold, e.g. 4000.

When the condition is met, the transport block size modifier 424 modifies the
intermediate transport block size to generate a modified transport block size. In one embodiment,
when the condition is met, the transport block size modifier 424 modifies the intermediate TBS based
on a correction factor and a quantization factor to generate a modified TBS. In one example, the
transport block size modifier 424 first generates a corrected TBS based on the intermediate TBS and
a correction factor; and then quantizes the corrected TBS based on a quantization factor to generate
the modified TBS. In another example, the transport block size modifier 424 first quantizes the
intermediate TBS based on a quantization factor to generate a quantized TBS; and then generates the
modified TBS based on the quantized TBS and a correction factor.

In one embodiment, the transport block size modifier 424 determines the correction factor
based on a coefficient and a correction order. The coefficient may be an integer not smaller than
zero and not larger than three. The correction order may be an integer not smaller than zero and not

larger than four.
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In yet another embodiment, the transport block size modifier 424 determines the
quantization factor based on a coefficient and a quantization order, wherein the quantization order is
an integer. In one example, the quantization order is not smaller than zero and not larger than five.
In another example, the coefficient is not smaller than one. In another example, the quantization
order is zero, the coefficient is one, and the quantization factor is one, where no quantization is
applied when generating the modified TBS.

The final transport block size determiner 426 in this example may receive the plurality of
transmission parameters from the control information generator 420, and receive the modified TBS
from the transport block size modifier 424. The final transport block size determiner 426 can
determine a final transport block size based on the modified transport block size for transmission of
the transport blocks.

The final transport block size determiner 426 generates a final TBS for the transport
blocks based on the modified TBS and a set of TBSs. In one embodiment, the final transport block
size determiner 426 calculates, corresponding to each TBS in the set, an absolute difference between
the TBS and the modified TBS to generate a plurality of absolute differences, and determines a
subset of one or more TBSs in the set. Each TBS in the subset corresponds to an absolute difference
that is not larger than any one of the plurality of absolute differences. Then in response to the subset
including a single TBS, the final transport block size determiner 426 selects the single TBS as the
final TBS. In response to the subset including two TBSs, the final transport block size determiner
426 sclects one of the two TBSs as the final TBS, based on one of: a smaller one of the two TBSs, a
larger one of the two TBSs, and a random one of the two TBSs.

In another embodiment, the final transport block size determiner 426 rounds up the
modified transport block size to a closest larger integer to generate an integer transport block size;
determines a quantity of code blocks in each of the transport blocks based on the integer transport
block size and a block segmentation rule related to channel coding; and calculates the final transport
block size based on the integer transport block size and the quantity of code blocks to ensure the
multiple of 8 and equal code block size after block segmentation of the transport blocks. For
example, the final transport block size determiner 426 can determine a least common multiple of
eight and the quantity of code blocks; and determine the final transport block size based on an integer

that is closest to the integer transport block size, among integers that are divisible by the least
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common multiple and not smaller than the integer transport block size. Because one byte includes
eight bits, being divisible by the least common multiple of eight and the quantity of code blocks
ensures both the multiple of 8 and equal code block size after block segmentation of the transport
blocks.

In yet another embodiment, the final transport block size determiner 426 generates a
quantized set of transport block sizes, where the quantization step, from a transport block to next
transport block in the quantized set, increases as the transport block size increases. The final
transport block size determiner 426 then determines the final transport block size based on a
transport block size that is closest to the modified transport block size, among transport block sizes
that are in the quantized set and not smaller than the modified transport block size.

In still another embodiment, the final transport block size determiner 426 generates a
quantized set of transport block sizes, where the quantization step, from a transport block to next
transport block in the quantized set, is determined to ensure granularity of the quantized set is larger
than a threshold; and determines the final transport block size based on a transport block size that is
closest to the modified transport block size, among transport block sizes that are in the quantized set
and not smaller than the modified transport block size. In this embodiment, the quantization step is
determined to ensure that the final transport block size is the same for both an initial transmission and
a re-transmission of a transport block.

The transport block size set updater 428 in this example updates a current set of TBSs
based on at least one new TBS to generate an updated set of TBSs for future TBS determinations.
The updated set may include at least one TBS that is not in the current set and is generated based on
at least part of the at least one new TBS. The current and updated TBS sets may be TBS tables. In
one embodiment, the TBSs in the current set are arranged in an increasing order. For each of the at
least one new TBS, the transport block size set updater 428 determines, in the current set, a TBS that
is closest to and larger than the new TBS, and replaces the TBS in the current set with the new TBS to
generate a replaced TBS in the updated set. The transport block size set updater 428 may transmit
the updated TBS set to the UE, or instruct the control information generator 420 to transmit the
updated TBS set to the UE.

In one embodiment, for at least one replaced TBS in the updated set, the transport block

size set updater 428 performs: identifying a first original TBS that is in the current set, and is adjacent
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to and smaller than the replaced TBS in the updated set; determining a first distance between the first
original TBS and the replaced TBS; determining a second distance between the first original TBS
and a TBS that is adjacent to and smaller than the first original TBS in the updated set; and deleting
the first original TBS from the updated set in response to the first distance being smaller than the
second distance.

In another embodiment, for the at least one replaced TBS in the updated set, the transport
block size set updater 428 performs: identifying a second original TBS that is in the current set, and is
adjacent to and smaller than the replaced TBS in the updated set, in response to the first original TBS
deleted from the updated set; determining a third distance between the second original TBS and the
replaced TBS; determining a fourth distance between the second original TBS and a TBS that is
adjacent to and smaller than the second original TBS in the updated set; in response to the third
distance being smaller than the fourth distance and not larger than a threshold, deleting the replaced
TBS from the updated set; and in response to the third distance being smaller than the fourth distance
and larger than the threshold, replacing the second original TBS in the updated set with a corrected
TBS that is adjacent to and smaller than the replaced TBS in the updated set. An absolute difference
between a fifth distance and a sixth distance is not greater than a predetermined value, ¢.g. 8, where
the fifth distance is a distance between the corrected TBS and the replaced TBS, where the sixth
distance is a distance between the corrected TBS and a TBS that is adjacent to and smaller than the
corrected TBS in the updated set.

In yet another embodiment, the TBSs in the updated set are arranged in a first increasing
order such that, for a subset of TBSs in the updated set that are smaller than a threshold, distances
between adjacent TBSs in the subset are in a second increasing order. The threshold may be an
integer that is not smaller than 320 and not larger than a maximum TBS among the TBSs in the
updated set.

In still another embodiment, the TBSs in the updated set are arranged in an increasing
order such that distances between adjacent TBSs in the updated set form a distance sequence; and the
updated set is generated based on the at least one new TBS in a manner such that, for each distance in
the distance set that is not larger than a first threshold, an absolute difference between the distance

and a preceding adjacent distance in the distance sequence is not larger than a second threshold.
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The various modules discussed above are coupled together by a bus system 430. The bus
system 430 can include a data bus and, for example, a power bus, a control signal bus, and/or a status
signal bus in addition to the data bus. It is understood that the modules of the BS 400 can be
operatively coupled to one another using any suitable techniques and mediums.

Although a number of separate modules or components are illustrated in FIG. 4, persons
of ordinary skill in the art will understand that one or more of the modules can be combined or
commonly implemented. For example, the processor 404 can implement not only the functionality
described above with respect to the processor 404, but also implement the functionality described
above with respect to the intermediate transport block size calculator 422. Conversely, each of the
modules illustrated in FIG. 4 can be implemented using a plurality of separate components or
elements.

FIG. 5 illustrates a flow chart for a method 500 performed by a BS, ¢.g. the BS 400 in FIG.
4, for determining a TBS and updating a TBS set in a wireless communication, in accordance with
some embodiments of the present disclosure. At operation 502, the BS generates a plurality of
transmission parameters related to transport blocks to be transmitted between the BS and a UE. At
operation 504, the BS calculates an intermediate transport block size for the transport blocks based
on the plurality of transmission parameters. The BS modifies at operation 506 the intermediate
TBS based on a correction factor and a quantization factor to generate a modified TBS in response
to an event. The BS determines at operation 508 a final TBS based on the modified TBS and a
current TBS set. At operation 510, the BS updates the current TBS set based on at least one new
TBS to generate an updated TBS set for future TBS determinations. At operation 512, the BS
transmits information that includes the plurality of transmission parameters and/or the updated TBS
set to the UE.

In one embodiment, the roles of the BS 400 and the UE 200 in FIGs. 2-5 are exchanged,
where the UE 200 generates and transmits uplink information to the BS 400. The TBS is calculated
and determined for transport blocks to be transmitted from the UE 200 to the BS 400 for uplink
transmissions, in a similar manner to the manner discussed above for downlink transmissions.

Different embodiments of the present disclosure will now be described in detail
hereinafter. It is noted that the features of the embodiments and examples in the present disclosure

may be combined with each other in any manner without conflict.
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According to various embodiments of the present disclosure, methods for determining
TBS and updating TBS table are provided and can be applied to a new radio (NR) access technology
communication system. The methods proposed in the present disclosure may be applied to a fifth
generation (5G) mobile communication system or other wireless or wired communication system.
The data transmission direction is that a base station sends data (downlink transmission service data)
to a mobile user or a mobile user sends data (uplink transmission service data) to the base station.
Mobile users include: mobile devices, access terminals, user terminals, subscriber stations,
subscriber units, mobile stations, remote stations, remote terminals, user agents, user equipment, user
devices, or some other terminology. The base station includes: an access point (AP), a node B, a
radio network controller (RNC), an evolved Node B (eNB), a base station controller (BSC), Base
Transceiver Station (BTS), a Base Station (BS), a Transceiver Function (TF), a radio router, a radio
transceiver, a basic service unit, an extension service unit, a Radio Base Station (RBS), or some other
terminology. The methods provided in the present disclosure may be applied to an enhanced
Mobile Broadband (¢eMBB) scenario, an ultra-reliable low-latency communications (URLLC)
scenario or a massive Machine Type Communications (mMTC) scenario, in the NR access

technology.

TBS = F(B)

In one embodiment, the functional model for TBS calculation is: , with a

specific form shown as follows:

. . XL
TBS = functiorz( funcnon@ X functzonggm X RxvxY x Npgp ))j S

In the above formula, the correction factor B is a function of (a) the number of PRBs

allocated for uplink or downlink, and/or (b) the order of the modulation and coding O , and/or (c)

the code rate R (or spectrum efficiency); /H#ction (*) indicates rounding, rounding up, rounding
down, or retaining the original value; Y is the quantized value of X that is the number of REs per PRB;

9 is the quantization step of the TBS. Since the correction factor is mainly added to improve the

link stability when the PRB is small and when the order of the MCS is low, the value of 2 can be

XL
determined by 9, and N PRB
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In a first situation, when the PRB is small and/or the MCS order is low, the correction

factor is set to be a fraction close to 1, e.g. 0.9. For the sake of simple hardware implementation, the

nl

value of the correction factor can be taken as 227 . In a second situation, when the MCS order is

high and the allocated spectrum efficiency (SE) is the same as the SE at the modulation order
hopping (where the modulation order changes from an MCS index to an adjacent MCS index in the
MCS table) in the MCS table, the correction factor is also set to be a fraction close to 1, e.g. 0.94.

For the sake of simple hardware implementation, the value of the correction factor can be taken as

212 1

~ In general, the correction factor in the second situation is larger than that in the first
2}1

situation. When the RE value in each PRB changes, the correspondingly obtained link stability will
also change. Therefore, the values of the correction factors may be different for different RE values.
For example, when the RE value in each PRB is 120, the correction factor can be set to be 1.

When the PRB is larger and/or the order of the MCS is higher, the value of the correction
factor is setto be 1. Because when the PRB is larger and the MCS is higher, the TBS is larger, and
the interval of actually available TBSs is also larger. Therefore, the calculated TBS does not need to
be modified to obtain good link stability.

In the following description, intermediate TBS is denoted as TBS_temp; modified TBS is
denoted as TBS prime; TBS table is denoted as look-up table with an increasing order. The
intermediate TBS is equal to Qun*R*Ngrg*v. The maximum TBS in TBS table is denoted as
TBS max.

When TBS temp < TBSiyreshold, the function model for modifying TBS temp is shown as

below.

Step 1: TBS_primel = finction(Q, x Rx N, x v)—oﬁfset .

ﬁmction(TBS _ prim el)
o

Step 2: TBS prime= function( jx5 . In one example, offset =

a*2™.  The offset is a correction factor and determined by the value of modulation order (Qm),
target code rate in MCS table (R), the total number of allocated resource elements (Ngg), the
number of mapping layers (v) and/or the number of §=C*2" , where C is the number of code block;
a is an integer that is not larger than 3 and not less than 0; m is an integer that is not larger than 4
and not less than 0; where TBSuyresnold > TBS max. The function(x) means rounding down x to
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the closest smaller integer, or rounding up x to the closest larger integer, or rounding x to the

closest integer or keeping original values. Additionally, the two modifying steps can be exchanged

finction(Q,, x Rx N xv)
o

with each other, such as Step 1: TBS primel = function( jx& ; Step 2:

TBS prime=7BS _primel —offset. The values of modifying factors are the same as the above

mentioned example.

Step 3: after modifying TBS temp into TBS_prime, the final TBS is selected from TBSs
in the look-up table and corresponding to a minimum difference among absolute differences between
TBS prime and each TBS in the look-up table. The final TBS is selected from TBSs in look-up

table with the method shown below.

(1) T=arg min|X —¢]|, where ¢, €S;

(2) if only one element in 7, then TBS = T otherwise there are two options as follows:
option (a): the final TBS is always equal to the larger one between elements in 7;
option (b): the final TBS is always equal to the smaller one between elements in 7;,
option (c): the final TBS is equal to a random one between elements in 7.

where X represents TBS prime; S represents the look-up table; e; represents TBS in look-up table;

arg(-) represents that choose an element among all elements e;; T represents element(s) in S and that

is(are) satisfied with the condition of the equality. That is, calculate the absolute values of
differences between TBS prime and every element in S, and then find the minimum absolute value(s)
and the corresponding element(s) e; is determined. There are two situations that the number of
corresponding element(s) may be only one or two, the final TBS must be the sole element. Thus,
there are two options that the smaller one shall be always selected as the final TBS, or the larger one
shall be always selected as the final TBS for two elements satisfied with the searching condition.
FIG. 6 illustrates a flow chart of a method 600 for determining a TBS, in accordance with
an embodiment of the present disclosure. The method 600 begins at 601 and proceeds to operation
610, where the TBS temp is calculated based on parameters Qu, R, Ngg, and v 605. At operation
615, it is determined whether the TBS_temp is smaller than or equal to the TBSihreshoid.  If so, the
process goes to operation 620, where the TBS temp is modified into TBS primel based on an offset

619. Then at operation 630, the TBS primel is quantized into TBS prime based on the
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quantization factor & 629. Then at operation 640, the final TBS is calculated based on the look-up
table or TBS table 639. Then the process ends at operation 690.

If it is determined that the TBS temp is greater than the TBSyyesno1a at operation 615, the
process goes to operation 650, where the TBS temp is quantized into the TBS prime. Then at
operation 660, the TBS prime is quantized into the final TBS based on a formula. Then the process
ends at operation 690.

In Embodiment 1, when TBS temp < TBS max, TBS is determined based on the above
steps and the value of the parameters are as follows: d is a positive integer and equal to2”, n is an
integer and is up to TBS_temp; function(x) means to round up to the closest larger integer or round
down to the closest smaller integer or round or keep the original value.

Then the final TBS is determined to be the TBS that is closest to TBS prime in the
look-up table and that is not less than modified TBS. Here, a=3, m=n, offset =3*2", and the first
function(x) means rounding down x to the closest smaller integer, the others are keeping original
values; 8 = C*2", C=1, nis a positive integer and related to TBS_temp, if TBS_temp<1024, n=3; else
n = floor (log, (TBS temp/64)); where floor (x) means rounding down x to the closest smaller
integer.

FIG. 7A illustrates an exemplary effective code rate performance for a TBS
determination based on the highest MCS index of 64-QAM MCS table as shown in Table A, in
accordance with the Embodiment 1. FIG. 7B illustrates an exemplary effective code rate
performance for a TBS determination based on the highest MCS index of 256-QAM MCS table as
shown in Table B, in accordance with the Embodiment 1. As shown in FIG. 7A and FIG. 7B, the
effective code rates 710 based on the highest MCS index of 64-QAM MCS table and the effective
code rates 720 based on the highest MCS index of 256-QAM MCS table are almost all smaller than
0.95, even with the target code rate of 0.9258.

In Embodiment 2, when TBS temp < TBS max, TBS is determined based on above
steps and the value of the parameters are as follows: where 8 is a positive integer and equal to 2",
n is an integer and not less than 0; function(x) means to round up to the closest larger integer or

round down to the closest smaller integer or round or keep the original value.
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The final TBS is determined from the look-up table based on option (a) of Step 3
discussed above. Here, a=1, m=4, offset = 16; 6 = C*2", C=1, n=0; the function(x) means to keep
the original value.

FIG. 8A illustrates an exemplary effective code rate performance for a TBS
determination based on the highest MCS index of 64-QAM MCS table as shown in Table A, in
accordance with the Embodiment 2. FIG. 8B illustrates an exemplary effective code rate
performance for a TBS determination based on the highest MCS index of 256-QAM MCS table as
shown in Table B, in accordance with the Embodiment 2. As shown in FIG. 8A and FIG. 8B, the
effective code rates 810 based on the highest MCS index of 64-QAM MCS table and the effective
code rates 820 based on the highest MCS index of 256-QAM MCS table are almost all smaller than
0.95, even with the target code rate of 0.9258.

In Embodiment 3, when TBS temp < TBS max, TBS is determined based on the above
steps and the value of the parameters are as follows: where 0 is a positive integer and equal to 2", n
is an integer and related to TBS temp; function(x) means to round up to the closest larger integer or
round down to the closest smaller integer or round or keep the original value.

The final TBS is determined from the look-up table based on option (a) of Step 3
discussed above. Here, a=0, offset =0; 6 = C*2", C=I, and the first function(x) means rounding
down x to the closest smaller integer, the others are keeping original values; n is a positive integer
and related to TBS temp, if TBS temp<1024, n=3; else n = floor (log, (TBS_temp/64)); where
floor (x) means rounding down x to the closest smaller integer.

FIG. 9A illustrates an exemplary effective code rate performance for a TBS
determination based on the highest MCS index of 64-QAM MCS table as shown in Table A, in
accordance with the Embodiment 3. FIG. 9B illustrates an exemplary effective code rate
performance for a TBS determination based on the highest MCS index of 256-QAM MCS table as
shown in Table B, in accordance with the Embodiment 3. As shown in FIG. 9A and FIG. 9B, most
of the effective code rates 910 based on the highest MCS index of 64-QAM MCS table and most of
the effective code rates 920 based on the highest MCS index of 256-QAM MCS table are smaller

than 0.95, even with the target code rate of 0.9258.
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In Embodiment 4, when TBS temp < TBS_max, TBS is determined based on the above
steps and the value of the parameters are as follows: modify TBS temp by an offset, the function

model is shown as below:

TBS prime= function( funcnon( funcnon(Qm X Rx Npp % v)— oﬁfset)j ‘5,

o

where J is a positive integer and equal to 2", n is an integer and related to TBS temp; function(x)
means to round up to the closest larger integer or round down to the closest smaller integer or
round or keep the original value.

The final TBS is determined from the look-up table based on option (a) of Step 3
discussed above. Here, a=1, m=4, Offset =16; 6 = C*2", C=1, and the first function(x) means
rounding down x to the closest smaller integer, the others are keeping original values; n is a
positive integer and related to TBS temp, if TBS temp<1024, n=3; else n = floor (log
(TBS_temp/64)); where floor (x) means rounding down x to the closest smaller integer.

FIG. 10A illustrates an exemplary effective code rate performance for a TBS
determination based on the highest MCS index of 64-QAM MCS table as shown in Table A, in
accordance with the Embodiment 4. FIG. 10B illustrates an exemplary effective code rate
performance for a TBS determination based on the highest MCS index of 256-QAM MCS table as
shown in Table B, in accordance with the Embodiment 4. As shown in FIG. 10A and FIG. 10B, the
effective code rates 1010 based on the highest MCS index of 64-QAM MCS table and the effective
code rates 1020 based on the highest MCS index of 256-QAM MCS table are almost all smaller than
0.95, even with the target code rate of 0.9258.

In Embodiment 5, when TBS temp < TBS_max, TBS is determined based on the above
steps and the value of the parameters are as follows: § is a positive integer and equal to 2”7, n is an
integer and related to TBS temp; function(x) means to round up to the closest larger integer or
round down to the closest smaller integer or round or keep the original value.

The final TBS is determined from the look-up table based on option (a) of Step 3
discussed above. Here, offset is an integer and not less than 0, if TBS temp< 1500, a=3, m=n,
offset =3*2"; else a=0, offset =0. The first function(x) means rounding down x to the closest

smaller integer, the others are keeping original values; 6 = C*2", C=1, n is a positive integer and
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related to TBS temp, if TBS temp<1024, n=3; else n = floor (log; (TBS_temp/64)); where floor (x)
means rounding down x to the closest smaller integer.

FIG. 11A illustrates an exemplary effective code rate performance for a TBS
determination based on the highest MCS index of 64-QAM MCS table as shown in Table A, in
accordance with the Embodiment 5. FIG. 11B illustrates an exemplary effective code rate
performance for a TBS determination based on the highest MCS index of 256-QAM MCS table as
shown in Table B, in accordance with the Embodiment 5. As shown in FIG. 11A and FIG. 11B, the
effective code rates 1110 based on the highest MCS index of 64-QAM MCS table and the effective
code rates 1120 based on the highest MCS index of 256-QAM MCS table are almost all smaller than
0.95, even with the target code rate of 0.9258.

In Embodiment 6, when TBS temp < TBS max, TBS is determined based on the above
steps and the value of the parameters are as follows: modify TBS temp by a offset, the function

model is shown as below:

function( function( function(Q, x Rx N, x v))j S
(MTBS primel= o ,

@TBS_prime = TBS_primel-offset,

where J is a positive integer and equal to 2", n is an integer and related to TBS temp; function(x)
means to round up to the closest larger integer or round down to the closest smaller integer or
round or keep the original value.

The final TBS is determined from the look-up table based on option (a) of Step 3
discussed above. Here, a=1, m=4, Offset =16; 6 = C*2", C=1, and the first function(x) means
rounding down x to the closest smaller integer, the others are keeping original values; n is a
positive integer and related to TBS temp, if TBS temp<1024, n=3; else n = floor (log
(TBS_temp/64)); where floor (x) means rounding down x to the closest smaller integer.

FIG. 12A illustrates an exemplary effective code rate performance for a TBS
determination based on the highest MCS index of 64-QAM MCS table as shown in Table A, in
accordance with the Embodiment 6. FIG. 12B illustrates an exemplary effective code rate
performance for a TBS determination based on the highest MCS index of 256-QAM MCS table as
shown in Table B, in accordance with the Embodiment 6. As shown in FIG. 12A and FIG. 12B, the
effective code rates 1210 based on the highest MCS index of 64-QAM MCS table and the effective
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code rates 1220 based on the highest MCS index of 256-QAM MCS table are almost all smaller than
0.95, even with the target code rate of 0.9258.

Special TBSs such as VoIP packet sizes, denoted as TBS™“® | that are not included in
current TBS table may be inserted in the original look-up table under the conditions as below:

Condition 1: (TBS;+; - TBS;) / 2/ TBS;+; S thresholda, where threshold, is not smaller
than 0 and not larger than 0.2; and TBS; is the element in common look-up table, and elements in
look-up table with an increasing order; and/or

Condition 2: TBS;; ™" - TBS;™" 2 TBS;; “'#™ - TBS; “'#™! _8, where TBS;"" is the
special TBS inserted in new look-up table and TBS; “'#™ is the original TBS replaced by the
special TBS;™" in original look-up table; and/or

Condition 3: After the special packet sizes are inserted in the original look-up table: if
TBS;+1 ™" - TBS;"" < Threshold2, then | (TBS;+; ™" - TBS;"") - (TBS; ™" - TBS;.,;"") | < 8, where
Threshold2 is larger than 2" and smaller than 2"* | and n1 is a positive integer and not smaller than
4, and n2 is a positive integer and not smaller than 6, and TBS;"" is the element value in new
look-up table; and /or
Condition 4: Differences between adjacent TBSs form an increasing order in the new

look-up table when TBS < thresholdg, and the thresholdp is an integer between 320 and the
maximum TBS among TBSs in the look-up table;

Condition 5:  Three different methods of inserting the special TBSs or packet sizes that
are not included in the original look-up table are shown below:
(1) insert the special TBS in original look-up table by replacing the TBS among TBSs in original
look-up table and that is closest to and larger than the special TBS.
(2) insert the special TBS in original look-up table by replacing the original TBS among TBSs in
original look-up table and that is larger than the special TBS, and delete the TBS among TBSs in
original look-up table and that is smaller than the special TBS.
(3) insert the special TBS in original look-up table by replacing the original TBS among TBSs in
original look-up table and that is larger than the special TBS, denote this new quantized set as
look-up table A; and then calculate the steps of look-up table A, and if the step of the inserted

position is larger than both the two adjacent steps, then this element should be changed by a
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temporary TBS or add a new TBS that is between the former and latter TBSs of the TBS at the
position and could be satisfied with the above conditions.

Condition 6: In order to ensure a proper granularity of TBSs in look-up table, special
TBSs should be inserted partly or entirely in the original look-up table.

In Embodiment 7, the special TBS is used to replace the original TBS that is closest to
and larger than the special TBS, among TBSs in original look-up table. For example, the original
{...304, 320, 336, 352, 368...} with a fixed granularity 16 (namely 320-304 =16) becomes
{...304,320, 328, 344,368...} with a granularity {...16, 8, 16, 24...}. Thus, the original {... 640,
672, 704, 736, 768, 808, 848...} with an increasing granularity {... 32, 32, 32, 32, 40, 40...}
becomes {...640, 672, 688, 720, 752, 808, 848...} with a granularity {...32, 16, 32, 32, 56, 40...}.

The granularity is sparser than that in original look-up table so that the scheduling can be degraded.

Table 2 below shows a new look-up table updated based on the above method.

MR

The new look-up table should satisfy some of the above six conditions so that all the
special TBSs may not be inclusively inserted in the original look-up table. The TBS quantization
steps can be based on any existing method.

Additional Embodiment based on Embodiment 7, the absolute difference between the
new TBS and the TBS replaced by the new TBS is the multiple of eight such as the absolute
difference between the new TBS 328 and the TBS 336 replaced by 328 is equal to 8 that is the

multiple of 8 with multiple=1.
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In Embodiment 8, the special TBS is used to replace the original TBS, among TBSs in
original look-up table, that is closest to and larger than special TBS, and delete the TBS, among
TBSs in original look-up table, that is closest to and smaller than special TBS. For example, the
original {...304, 320, 336, 352, 368...} with a fixed granularity 16 (namely 320-304 =16) becomes
{...304, 328, 344, 368...} with a granularity {...24, 16, 24...}. Thus, the original {... 640, 672, 704,
736, 768, 808, 848...} with an increasing granularity {... 32, 32,32, 32, 40, 40...} becomes {...640,
688, 720, 752, 808, 848...} with a granularity {...48, 32, 32, 56, 40...}. The granularity is sparser

than that in original look-up table so that the scheduling can be degraded.

Table 3 below shows a new look-up table updated based on the above method.

The new look-up table should satisfy some of the above six conditions so that all the
special TBSs may not be inclusively inserted in the original look-up table. The TBS quantization
steps can be based on any existing method.

In Embodiment 9, first, the special TBSs are inserted in the original look-up table directly,
for example, the original {...304, 320, 336, 352, 368...} with a fixed granularity 16 (namely 320-304
=16) becomes {...304, 320, 328, 336, 344, 352, 368...} with a granularity {...16, 8, 8, 8, 8, 16...}.
The granularity that is downward from 16 to 8 is too densely to ensure a better scheduling flexibility.
So the two special TBSs will not be inserted. For another example, the original {...608, 640, 672,
704, 736, 768, 808...} with an increasing granularity {...32, 32, 32, 32, 32, 40...} becomes {...608,
640,672, 688, 704,720, 736, 752, 768, 808...} with a granularity {...32, 32, 16, 16, 16, 16, 16, 16,
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40...}. The granularity that is downward from 32 to 16 is too densely to ensure a better scheduling

flexibility.

Table 4 below shows a new look-up table updated based on the above method.

The new look-up table should satisfy some of the above six conditions so that all the
special TBSs may not be inclusively inserted in the original look-up table. The TBS quantization
steps can be based on any existing method.

In an additional embodiment based on Embodiment 9, an absolute difference between
the new TBS and a half of the sum of the two adjacent TBSs among TBSs in the current set is a
multiple of eight, wherein the smaller one of the two adjacent TBSs is closest to and smaller than
the new TBS; and the multiple is not smaller than zero. For example, the absolute difference
between the new TBS 688 and the half of the two adjacent TBSs 672 and 704 (namely,
688-(672+704)/2 = 0) is equal to zero and is the multiple of 8 with multiple=0.

Embodiment 10: based on the conclusion of Embodiment 9, the special TBSs 328 and
344 will not be inserted. For the special TBSs 688, 720 and 752, the steps of inserting special TBSs
are as follows: first, use the special TBS to replace the original TBS, among TBSs in original look-up
table, that is closest to and larger than special TBS, and delete the TBS, among TBSs in original
look-up table, that is closest to and smaller than special TBS. For example, the original {...608, 640,
672,704, 736, 768, 808, 848...} with an increasing granularity {...32, 32, 32, 32, 32, 40, 40...}
becomes {...608, 640, 672, 688, 720, 752, 808, 848...} with a granularity {...32, 32, 16, 32, 32, 56,
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40...}. Second, modify some original TBSs or add some temporary TBSs to correct the difference
between adjacent TBSs in temporary look-up table. For example, change TBSs in temporary
look-up table into {...608, 640, 664, 688, 720, 752, 784, 816, 848...} with an increasing granularity
{...32,24,24,32,32,32,32,32...}.

Table 5 below shows a new look-up table updated based on the above method.

The new look-up table should satisfy some of the above six conditions so that all the
special TBSs may not be inclusively inserted in the original look-up table. The TBS quantization
steps can be based on any existing method.

In Embodiment 11, first, the special TBS is used to replace the original TBS, among
TBSs in original look-up table, that is closest to and larger than special TBS, and delete the TBS,
among TBSs in original look-up table, that is closest to and smaller than special TBS. For
example, the original {...304, 320, 336, 352, 368...} with a fixed granularity 16 (namely
320-304 =16) becomes {...304, 328, 344, 368...} with a granularity {...24, 16,24...}. Second,
these special TBSs should not be inserted in TBS set because the steps of them are so small that
there are not temporary TBSs to modify the step and the effective code rate value is sensitive to
the step when TBS is small. In another example, when TBS is a little larger, first, the original
{... 608,640, 672,704, 736, 768, 808, 848...} with an increasing granularity {...32, 32, 32, 32,
32,40, 40...} becomes {...608, 640, 688, 720, 752, 808, 848...} with a granularity {...32, 48,
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32, 32, 56, 40...}. Second, modify some TBS values to obtain a, for example, modify into
{...608, 640, 680, 720, 760, 800...} with an increasing granularity {...32, 40, 40, 40, 40...}.
The new look-up table should be satisfied with some of the above six conditions so that all the
special TBSs may not be inclusively inserted in the original look-up table. Simulation results

are shown as follows and the.
Table 6 below shows a new look-up table updated based on the above method.

The new look-up table should satisfy some of the above six conditions so that all the
special TBSs may not be inclusively inserted in the original look-up table. The TBS quantization
steps can be based on any existing method. The TBS quantization steps in Embodiment 11 may be
based on any existing method.

In Embodiment 12, the special TBS is used to replace the original TBS that is closest
to and smaller than the special TBS, among TBSs in original look-up table. For example, the
original {...304, 320, 336, 352, 368...} with a fixed granularity 16 (namely 320-304 =16)
becomes {...304, 328, 344, 352, 368...} with a granularity {...24, 16, 8, 16...}. Thus, the
original {... 640, 672, 704, 736, 768, 808, 848...} with an increasing granularity {... 32, 32, 32,
32,40, 40...} becomes {...640, 688, 720, 752, 768, 808, 848...} with a granularity {...48, 32,
32, 16, 40, 40...}. The granularity is sparser than that in original look-up table so that the

scheduling can be degraded.
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Table 7 below shows a new look-up table updated based on the above method.

TBS TBS

1288 624

1320 752

1352 824

2152

2216

2280

2408

2472

3496

The new look-up table should satisfy some of the above six conditions so that all the
special TBSs may not be inclusively inserted in the original look-up table. The TBS quantization
steps can be based on any existing method.

In an additional embodiment based on Embodiment 12, an absolute difference between
the new TBS and the TBS replaced by the new TBS is a multiple of eight. For example, the
difference between the new TBS 328 and the TBS 320 replaced by 328 is equal to 8 that is a
multiple of 8 with multiple=1.

In Embodiment 13, the special TBS is used to replace the original TBS that is closest to
and smaller than the special TBS, or replace the original TBS that is closest to and larger than the
special TBS, or insert between the two original TBSs, where one is closest to and smaller than the
special TBS and the other one is closest to and larger than the special TBS, among TBSs in original
look-up table. For example, the original {...304, 320, 336, 352, 368...} with a fixed granularity 16
(namely 320-304 =16) becomes {...304, 320, 328, 344, 352, 368...} with a granularity {...16, 8, 16,
8, 16...}. Thus, the original {... 640, 672, 704, 736, 768, 808, 848...} with an increasing
granularity {... 32, 32, 32, 32, 40, 40...} becomes {...640, 672, 688, 720, 752, 808, 848...} with a
granularity {...32, 16, 32, 32, 56, 40...}. The granularity is sparser than that in original look-up

table so that the scheduling can be degraded.
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Table 8 below shows a new look-up table updated based on the above method.

TBS I

The new look-up table should satisfy some of the above six conditions so that all the
special TBSs may not be inclusively inserted in the original look-up table. The TBS quantization
steps can be based on any existing method.

While various embodiments of the present disclosure have been described above, it
should be understood that they have been presented by way of example only, and not by way of
limitation. Likewise, the various diagrams may depict an example architectural or configuration,
which are provided to enable persons of ordinary skill in the art to understand exemplary features and
functions of the present disclosure. Such persons would understand, however, that the present
disclosure is not restricted to the illustrated example architectures or configurations, but can be
implemented using a variety of alternative architectures and configurations. Additionally, as would
be understood by persons of ordinary skill in the art, one or more features of one embodiment can be
combined with one or more features of another embodiment described herein. Thus, the breadth
and scope of the present disclosure should not be limited by any of the above-described exemplary
embodiments.

It is also understood that any reference to an element herein using a designation such as
"first," "second," and so forth does not generally limit the quantity or order of those elements. Rather,
these designations can be used herein as a convenient means of distinguishing between two or more
elements or instances of an element. Thus, a reference to first and second elements does not mean
that only two elements can be employed, or that the first element must precede the second element in

SOmMe manner.
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Additionally, a person having ordinary skill in the art would understand that information
and signals can be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits and symbols, for example, which
may be referenced in the above description can be represented by voltages, currents, electromagnetic
waves, magnetic fields or particles, optical fields or particles, or any combination thereof.

A person of ordinary skill in the art would further appreciate that any of the various
illustrative logical blocks, modules, processors, means, circuits, methods and functions described in
connection with the aspects disclosed herein can be implemented by electronic hardware (e.g., a
digital implementation, an analog implementation, or a combination of the two), firmware, various
forms of program or design code incorporating instructions (which can be referred to herein, for
convenience, as “software” or a “software module”), or any combination of these techniques.

To clearly illustrate this interchangeability of hardware, firmware and software, various
illustrative components, blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware, firmware or
software, or a combination of these techniques, depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans can implement the described
functionality in various ways for each particular application, but such implementation decisions do
not cause a departure from the scope of the present disclosure. In accordance with various
embodiments, a processor, device, component, circuit, structure, machine, module, etc. can be
configured to perform one or more of the functions described herein. The term “configured to” or
“configured for” as used herein with respect to a specified operation or function refers to a processor,
device, component, circuit, structure, machine, module, etc. that is physically constructed,

programmed and/or arranged to perform the specified operation or function.

Furthermore, a person of ordinary skill in the art would understand that various
illustrative logical blocks, modules, devices, components and circuits described herein can be
implemented within or performed by an integrated circuit (IC) that can include a general purpose
processor, a digital signal processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, or any combination thereof.
The logical blocks, modules, and circuits can further include antennas and/or transceivers to
communicate with various components within the network or within the device. A general purpose
processor can be a microprocessor, but in the alternative, the processor can be any conventional
processor, controller, or state machine. A processor can also be implemented as a combination of
computing devices, ¢.g., a combination of a DSP and a microprocessor, a plurality of
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microprocessors, one or more microprocessors in conjunction with a DSP core, or any other suitable
configuration to perform the functions described herein.

If implemented in software, the functions can be stored as one or more instructions or
code on a computer-readable medium. Thus, the steps of a method or algorithm disclosed herein
can be implemented as software stored on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium that can be
enabled to transfer a computer program or code from one place to another. A storage media can be
any available media that can be accessed by a computer. By way of example, and not limitation,
such computer-readable media can include RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other medium that can be
used to store desired program code in the form of instructions or data structures and that can be
accessed by a computer.

In this document, the term "module" as used herein, refers to software, firmware,
hardware, and any combination of these elements for performing the associated functions described
herein. Additionally, for purpose of discussion, the various modules are described as discrete
modules; however, as would be apparent to one of ordinary skill in the art, two or more modules may
be combined to form a single module that performs the associated functions according embodiments
of the present disclosure.

Additionally, memory or other storage, as well as communication components, may be
employed in embodiments of the present disclosure. It will be appreciated that, for clarity purposes,
the above description has described embodiments of the present disclosure with reference to
different functional units and processors. However, it will be apparent that any suitable distribution
of functionality between different functional units, processing logic elements or domains may be
used without detracting from the present disclosure. For example, functionality illustrated to be
performed by separate processing logic elements, or controllers, may be performed by the same
processing logic element, or controller. Hence, references to specific functional units are only
references to a suitable means for providing the described functionality, rather than indicative of a

strict logical or physical structure or organization.

Various modifications to the implementations described in this disclosure will be readily
apparent to those skilled in the art, and the general principles defined herein can be applied to other
implementations without departing from the scope of this disclosure. Thus, the disclosure is not
intended to be limited to the implementations shown herein, but is to be accorded the widest scope

consistent with the novel features and principles disclosed herein, as recited in the claims below.
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CLAIMS

1. A method performed by a wireless communication device, the method comprising:

receiving information from a wireless communication node, wherein the information
includes a plurality of transmission parameters related to transport blocks to be transmitted
between the wireless communication device and a wireless communication node;

calculating an intermediate transport block size (TBS) for the transport blocks based on
the plurality of transmission parameters;

modifying the intermediate TBS based on a correction factor and a quantization factor to
generate a modified TBS in response to at least one event; and

determining a final TBS for the transport blocks based on the modified TBS and a set of
TBSs, wherein the determining comprises:

determining a subset of one or more TBSs in the set, wherein each TBS in the subset
corresponds to a minimal absolute difference among absolute differences between each TBS
in the TBS set and the modified TBS,

in response to the subset including a single TBS, determining the single TBS as the final
TBS, and

in response to the subset including two TBSs, determining one of the two TBSs as the
final TBS, based on one of: a smaller one of the two TBSs, a larger one of the two TBSs, and a

random one of the two TBSs.

2. The method of claim 1, wherein modifying the intermediate TBS comprises:
generating a corrected TBS based on the intermediate TBS and a correction factor; and
quantizing the corrected TBS based on a quantization factor to generate the modified

TBS.

3. The method of claim 1, wherein modifying the intermediate TBS comprises:
quantizing the intermediate TBS based on a quantization factor to generate a quantized
TBS; and

generating the modified TBS based on the quantized TBS and a correction factor.
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4. The method of claim 1, further comprising determining the correction factor based on a

coefficient and a correction order.

5. The method of claim 4, wherein the coefficient is an integer not smaller than zero and not

larger than three; and

6. The method of claim 4, wherein the correction order is an integer not smaller than zero and

not larger than four.

7. The method of claim 1, further comprising determining the quantization factor based on a

coefficient and a quantization order, wherein the quantization order is an integer.

8. The method of claim 7, wherein:
the quantization order is not smaller than zero and not larger than five; and

the coefficient is not smaller than one.

9. The method of claim 1, wherein the plurality of transmission parameters comprises at least
one of:

a quantity of layers configured for transmission of the transport blocks;

a modulation order configured for transmission of the transport blocks;

a code rate configured for transmission of the transport blocks;

a quantity of physical resource blocks configured for transmission of the transport blocks;

a quantity of resource elements per each physical resource block;

a total quantity of resource elements for transmission of the transport blocks, which is a
product of the quantity of physical resource blocks and the quantity of resource elements per
physical resource block; and

a spectral efficiency configured for transmission of the transport blocks, which is equal to

a product of the modulation order and the code rate.

10. The method of claim 9, wherein the at least one event includes at least one of the
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following:
the quantity of physical resource blocks is smaller than a first threshold;
the modulation order is smaller than a second threshold;
the total quantity of resource elements is smaller than a third threshold; and

the intermediate TBS is smaller than a fourth threshold.

11. A method performed by a wireless communication device, the method comprising:

receiving information from a wireless communication node, wherein the information
includes a plurality of transmission parameters related to transport blocks to be transmitted
between the wireless communication device and a wireless communication node;

calculating an intermediate transport block size (TBS) for the transport blocks based on
the plurality of transmission parameters;

modifying the intermediate TBS to generate a modified TBS;

determining a final TBS for the transport blocks based on the modified TBS and a current
set of TBSs; and

updating the current set based on at least one new TBS to generate an updated set of TBSs

for future TBS determinations.

12. The method of claim 11, wherein:

the at least one new TBS is not included in the current set and includes at least one of:

{328,344,688,720,752}.

13. The method of claim 11, wherein:
the TBSs in the current set are arranged in an increasing order; and
anew TBS in the at least one new TBS is inserted in the updated set by replacing a TBS

that is among TBSs in the current set and is closest to and larger than the new TBS.

14. The method of claim 11, wherein:
the TBSs in the current set are arranged in an increasing order; and

anew TBS in the at least one new TBS is inserted in the updated set by replacing a TBS
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that is among TBSs in the current set and is closest to and smaller than the new TBS.

15. The method of claim 11, wherein:

the TBSs in the current set are arranged in an increasing order; and

a new TBS in the at least one new TBS is inserted in the updated set between two
adjacent TBSs in the current set, wherein the smaller one of the two adjacent TBSs is closest

to and smaller than the new TBS among TBSs in the current set.

16. The method of claim 13, wherein:
an absolute difference between the new TBS and the TBS replaced by the new TBS is a
multiple of eight; and

the multiple is an integer and not smaller than one.

17. The method of claim 14, wherein:
an absolute difference between the new TBS and the TBS replaced by the new TBS is a
multiple of eight; and

the multiple is an integer and not smaller than one.

18. The method of claim 15, wherein:
an absolute difference between the new TBS and a half of a sum of the two adjacent
TBSs is a multiple of eight; and

the multiple is an integer and not smaller than zero.

19. A method performed by a wireless communication node, the method comprising:
generating a plurality of transmission parameters related to transport blocks to be
transmitted between a wireless communication device and the wireless communication node;
calculating an intermediate transport block size (TBS) for the transport blocks based on
the plurality of transmission parameters;
modifying the intermediate TBS based on a correction factor and a quantization factor to

generate a modified TBS in response to at least one event;
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determining a final TBS for the transport blocks based on the modified TBS and a set of
TBSs, wherein the determining comprises:

determining a subset of one or more TBSs in the set, wherein each TBS in the subset
corresponds to a minimal absolute difference among absolute differences between each TBS in
the TBS set and the modified TBS;

in response to the subset including a single TBS, determining the single TBS as the final
TBS, and

in response to the subset including two TBSs, determining one of the two TBSs as the
final TBS, based on one of: a smaller one of the two TBSs, a larger one of the two TBSs, and a
random one of the two TBSs; and

transmitting information that includes the plurality of transmission parameters to the

wireless communication device.

20. The method of claim 19, wherein modifying the intermediate TBS comprises:
generating a corrected TBS based on the intermediate TBS and a correction factor; and
quantizing the corrected TBS based on a quantization factor to generate the modified

TBS.

21. The method of claim 19, wherein modifying the intermediate TBS comprises:
quantizing the intermediate TBS based on a quantization factor to generate a quantized
TBS; and

generating the modified TBS based on the quantized TBS and a correction factor.

22. The method of claim 19, further comprising determining the correction factor based on a

coefficient and a correction order.

23. The method of claim 22, wherein the coefficient is an integer not smaller than zero and not

larger than three; and

24. The method of claim 22, wherein the correction order is an integer not smaller than zero
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and not larger than four.

25. The method of claim 19, further comprising determining the quantization factor based on a

coefficient and a quantization order, wherein the quantization order is an integer.

26. The method of claim 25, wherein:
the quantization order is not smaller than zero and not larger than five; and

the coefficient is not smaller than one.

27. A method performed by a wireless communication node, the method comprising:

generating a plurality of transmission parameters related to transport blocks to be
transmitted between a wireless communication device and the wireless communication node;

calculating an intermediate transport block size (TBS) for the transport blocks based on
the plurality of transmission parameters;

modifying the intermediate TBS to generate a modified TBS;

determining a final TBS for the transport blocks based on the modified TBS and a current
set of TBSs; and

updating the current set based on at least one new TBS to generate an updated set of TBSs

for future TBS determinations.

28. The method of claim 27, wherein:
the at least one new TBS is not included in the current set and includes at least one of:

{328,344,688,720,752}.

29. The method of claim 27, wherein:
the TBSs in the current set are arranged in an increasing order; and
a new TBS in the at least one new TBS is inserted in the updated set by replacing a TBS

that is among TBSs in the current set and is closest to and larger than the new TBS.

30. The method of claim 27, wherein:
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the TBSs in the current set are arranged in an increasing order; and
anew TBS in the at least one new TBS is inserted in the updated set by replacing a TBS

that is among TBSs in the current set and is closest to and smaller than the new TBS.

31. The method of claim 27, wherein:

the TBSs in the current set are arranged in an increasing order; and

a new TBS in the at least one new TBS is inserted in the updated set between two
adjacent TBSs in the current set, wherein the smaller one of the two adjacent TBSs is closest

to and smaller than the new TBS among TBSs in the current set.

32. The method of claim 29, wherein:
an absolute difference between the new TBS and the TBS replaced by the new TBS is a
multiple of eight; and

the multiple is an integer and not smaller than one.

33. The method of claim 30, wherein:
an absolute difference between the new TBS and the TBS replaced by the new TBS is a
multiple of eight; and

the multiple is an integer and not smaller than one.

34. The method of claim 31, wherein:
an absolute difference between the new TBS and a half of a sum of the two adjacent
TBSs is a multiple of eight; and

the multiple is an integer and not smaller than zero.

35. A wireless communication device configured to carry out the method of any one of claims

1 through 18.

36. A wireless communication node configured to carry out the method of any one of claims

19 through 34.

49



WO 2019/191973 PCT/CN2018/082015

37. A non-transitory computer-readable medium having stored thereon computer-executable

instructions for carrying out the method of any one of claims 1 through 34.
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