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ULTRA-WIDEBAND-BASED SIGNAL TRANSMISSION METHOD
AND APPARATUS

[0001] This application claims priorities to Chinese Patent Application No. 202211567222.2,
filed with the China National Intellectual Property Administration on December 7, 2022 and
entitted "ULTRA-WIDEBAND-BASED SIGNAL TRANSMISSION METHOD AND
APPARATUS", to Chinese Patent Application No. 202211620738.9, filed with the China National
Intellectual Property Administration on December 15, 2022 and entitled "ULTRA-WIDEBAND-
BASED SIGNAL TRANSMISSION METHOD AND APPARATUS", to Chinese Patent
Application No. 202310095577.4, filed with the China National Intellectual Property
Administration on January 17, 2023 and entitled "ULTRA-WIDEBAND-BASED SIGNAL
TRANSMISSION METHOD AND APPARATUS", and to Chinese Patent Application No.
202310101526.8, filed with the China National Intellectual Property Administration on February
1, 2023 and entitled "ULTRA-WIDEBAND-BASED SIGNAL TRANSMISSION METHOD
AND APPARATUS", all of which are incorporated herein by reference in their entireties.

TECHNICAL FIELD

[0002] This application relates to the field of wireless communication technologies, and in
particular, to an ultra-wideband (ultra-wideband, UWB)-based signal transmission method and

apparatus.

BACKGROUND

[0003] As an ultra-wideband (ultra-wideband, UWB) technology enters the civil field, ultra-
wideband (UWB) wireless communication becomes one of physical layer technologies for a short-
range and high-speed wireless network. The ultra-wideband (UWB) technology is a wireless
carrier communication technology in which a nanosecond-level non-sinusoidal narrow impulse
may be used for data transmission. Therefore, the ultra-wideband technology occupies a quite wide
spectrum range. Due to a narrow impulse and low radiation spectral density of the ultra-wideband,
the UWB has advantages such as a strong multi-path resolution capability, low power consumption,
and high confidentiality.

[0004] The Institute of Electrical and Electronics Engineers (institute of electrical and
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electronics engineers, IEEE) has incorporated the UWB technology into IEEE 802 series wireless
standards, and has released a high-speed wireless personal area network (wireless personal area
network, WPAN) standard IEEE 802.15.4a based on the UWB technology, and an evolved release
IEEE 802.15.4z of the IEEE 802.15.4a. A next-generation UWB wireless personal area network
(WPAN) standard 802.15.4ab is under discussion. A physical layer protocol data unit (physical
layer protocol data unit, PPDU) in an existing WPAN standard includes at least a physical layer
header (physical layer header, PHR) field and a physical layer (physical layer, PHY) payload (PHY
payload) field.

[0005] Currently, convolutional coding is used for the PHR field, and coding performance of
the PHR field needs to be further improved.

SUMMARY

[0006] Embodiments of this application provide an ultra-wideband-based signal transmission
method and apparatus, to improve coding performance of a PHR field, and further reduce
transmission duration of the PHR field.

[0007] The following describes this application from different aspects. It should be understood
that mutual reference may be made between the following different aspects in terms of
implementations and beneficial effect.

[0008] According to a first aspect, this application provides an ultra-wideband-based signal
transmission method. The method includes: A communication apparatus generates a physical layer
protocol data unit (physical layer protocol data unit, PPDU), where the PPDU includes a physical
layer header (physical layer header, PHR) field and a physical layer (physical layer, PHY') payload
(PHY payload) field, and the PHR field includes first PHR information indicating a data rate of
the PHY payload field. The communication apparatus sends a signal generated based on the PPDU,
where the signal includes a signal generated based on a codeword obtained by encoding the first
PHR information, and the codeword includes a codeword, in a first codeword set, that corresponds
to the first PHR information. For specific content of the codeword, refer to the following method
embodiments. Due to limited space, details are not described herein.

[0009] In this application, a new codeword set (namely, a codebook) is designed, and the first
PHR information is mapped and encoded by using a codeword in the codeword set. Compared
with convolutional coding, this can improve coding performance of the PHR field (mainly the first
PHR information).

[0010] According to a second aspect, this application provides an ultra-wideband-based signal

transmission method. The method includes: A communication apparatus receives a signal, where
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the signal is generated based on a PPDU, the PPDU includes a PHR field and a PHY payload field,
the PHR field includes first PHR information, the signal includes a signal generated based on a
codeword obtained by encoding the first PHR information, and the codeword includes a codeword,
in a first codeword set, that corresponds to the first PHR information; and demodulates and
decodes the signal to obtain the first PHR information, where the first PHR information indicates
a data rate of the PHY payload field. For specific content of the codeword, refer to the following
method embodiments. Due to limited space, details are not described herein.

[0011] In a possible implementation of any one of the foregoing aspects, the first PHR
information is three bits, and may indicate that the data rate of the PHY payload field is any one
of the following: 1.95 Mbps (million bit per second), 7.8 Mbps, 31.2 Mbps, 62.4 Mbps, or 124.8
Mbps.

[0012] In a possible implementation of any one of the foregoing aspects, the first PHR
information further includes information indicating whether the PHY payload field is encoded by
using a first coding scheme. For example, the first PHR information is four bits, where three bits
indicate the data rate of the PHY payload field, and the other one bit indicates whether the PHY
payload field is encoded by using the first coding scheme.

[0013] Optionally, the first coding scheme is any one of the following: a low-density parity-
check code (low-density parity-code, LDPC), a convolutional code, a polar code, a turbo code,
and the like. This is not limited in this application. For ease of description, an example in which
the first coding scheme is the LDPC is used for description.

[0014] In this application, the first PHR information (four bits) is mapped and encoded by
using the codeword in the first codeword set. Compared with convolutional coding, this not only
can meet a requirement for demodulation performance, but also can reduce transmission duration
of the first PHR information, to achieve a good compromise between the demodulation
performance and the transmission duration of the first PHR information.

[0015] In a possible implementation of any one of the foregoing aspects, a quantity M of
codewords in the first codeword set is less than or equal to 2%, where K is a bit length of the first
PHR information. For example, when K is equal to 3, the quantity M of codewords in the first
codeword set is less than or equal to 8; when K is equal to 4, the quantity M of codewords in the
first codeword set is less than or equal to 16; or when K is equal to 2, the quantity M of codewords
in the first codeword set is less than or equal to 4.

[0016] In some scenarios, a Hamming distance between any two codewords in the first
codeword set is greater than or equal to a theoretical minimum Hamming distance bound of the
first codeword set.

[0017] Optionally, if the first codeword set includes M codewords, a length of each codeword
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is L. For example, a Hamming distance d between any two of the M codewords satisfies the

following formula:

ML ML
d 2[2(M —1)J or d ZLZ(M —1)J_1'

[0018] In this application, a Hamming distance between codewords is increased to improve

coding performance.

[0019] In a possible implementation of any one of the foregoing aspects, when the first PHR
information is four bits, the length of the codeword in the first codeword set satisfies the following
formula: L=4n+2, where L represents the length of the codeword, and n is a positive integer. For
specific content of the codeword in the first codeword set in the case of different lengths of the
codeword, refer to descriptions in Embodiment 1 below. Details are not described herein.

[0020] In a possible implementation of any one of the foregoing aspects, when the first PHR
information is three bits, the length of the codeword in the first codeword set is an even quantity
of bits, and satisfies the following formula: L=7n+m, where L represents the length of the
codeword, n is a positive integer, and m is an integer greater than or equal to 0 and less than 7. For
specific content of the codeword in the first codeword set in the case of different lengths of the
codeword, refer to descriptions in Embodiment 2 below. Details are not described herein.

[0021] In a possible implementation of any one of the foregoing aspects, the length of the
codeword is greater than or equal to 2K bits, where K is a bit length of the first PHR information.
For example, the length of the codeword is any one of the following: 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, or 40 bits.

[0022] According to a third aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus is configured to perform the method
according to any one of the first aspect or the possible implementations of the first aspect. The
communication apparatus includes a unit for performing the method according to any one of the
first aspect or the possible implementations of the first aspect.

[0023] According to a fourth aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus is configured to perform the method
according to any one of the second aspect or the possible implementations of the second aspect.
The communication apparatus includes a unit for performing the method according to any one of
the second aspect or the possible implementations of the second aspect.

[0024] In the third aspect or the fourth aspect, the communication apparatus may include a
transceiver unit and a processing unit. For specific descriptions of the transceiver unit and the
processing unit, refer to apparatus embodiments shown below. For beneficial effect of the third

aspect and the fourth aspect, refer to related descriptions of the first aspect and the second aspect.
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Details are not described herein again.

[0025] According to a fifth aspect, this application provides a communication apparatus. The
communication apparatus includes a processor, configured to perform the method according to
any one of the first aspect or the possible implementations of the first aspect. Alternatively, the
processor is configured to execute a program stored in a memory. When the program is executed,
the method according to any one of the first aspect or the possible implementations of the first
aspect is performed.

[0026] With reference to the fifth aspect, in a possible implementation, the memory is located
outside the communication apparatus.

[0027] With reference to the fifth aspect, in a possible implementation, the memory is located
inside the communication apparatus.

[0028] In this application, the processor and the memory may alternatively be integrated into
one component. In other words, the processor and the memory may alternatively be integrated
together.

[0029] With reference to the fifth aspect, in a possible implementation, the communication
apparatus further includes a transceiver, and the transceiver is configured to send a signal.

[0030] According to a sixth aspect, this application provides a communication apparatus. The
communication apparatus includes a processor, configured to perform the method according to
any one of the second aspect or the possible implementations of the second aspect. Alternatively,
the processor is configured to execute a program stored in a memory. When the program is
executed, the method according to any one of the second aspect or the possible implementations
of the second aspect is performed.

[0031] With reference to the sixth aspect, in a possible implementation, the memory is located
outside the communication apparatus.

[0032] With reference to the sixth aspect, in a possible implementation, the memory is located
inside the communication apparatus.

[0033] In this application, the processor and the memory may alternatively be integrated into
one component. In other words, the processor and the memory may alternatively be integrated
together.

[0034] With reference to the sixth aspect, in a possible implementation, the communication
apparatus further includes a transceiver, and the transceiver is configured to receive a signal.
[0035] According to a seventh aspect, this application provides a communication apparatus.
The communication apparatus includes a logic circuit and an interface, and the logic circuit is
coupled to the interface. The logic circuit is configured to generate a PPDU, where the PPDU
includes a PHR field and a PHY payload field, the PHR field includes first PHR information, and
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the first PHR information indicates a data rate of the PHY payload field. The interface is configured
to output a signal, where the signal is generated based on the PPDU, the signal includes a signal
generated based on a codeword obtained by encoding the first PHR information, and the codeword
includes a codeword, in a first codeword set, that corresponds to the first PHR information.
[0036] According to an eighth aspect, this application provides a communication apparatus.
The communication apparatus includes a logic circuit and an interface, and the logic circuit is
coupled to the interface. The interface is configured to input a signal, where the signal is generated
based on a PPDU, the PPDU includes a PHR field and a PHY payload field, the PHR field includes
first PHR information, the signal includes a signal generated based on a codeword obtained by
encoding the first PHR information, and the codeword includes a codeword, in a first codeword
set, that corresponds to the first PHR information. The logic circuit is configured to decode the
signal to obtain the first PHR information, where the first PHR information indicates a data rate
of the PHY payload field.

[0037] In the seventh aspect or the eighth aspect, for specific descriptions of the PPDU, the
first PHR information, the first codeword set, and the like, refer to the descriptions of the first
aspect or the second aspect. Details are not described herein again.

[0038] According to a ninth aspect, this application provides a computer-readable storage
medium. The computer-readable storage medium is configured to store a computer program. When
the computer program is run on a computer, the method according to any one of the first aspect or
the possible implementations of the first aspect is performed.

[0039] According to a tenth aspect, this application provides a computer-readable storage
medium. The computer-readable storage medium is configured to store a computer program. When
the computer program is run on a computer, the method according to any one of the second aspect
or the possible implementations of the second aspect is performed.

[0040] According to an eleventh aspect, an embodiment of this application provides a
computer program product. The computer program product includes a computer program or
computer code. When the computer program or the computer code is run on a computer, the
method according to any one of the first aspect or the possible implementations of the first aspect
is performed.

[0041] According to a twelfth aspect, an embodiment of this application provides a computer
program product. The computer program product includes a computer program or computer code.
When the computer program or the computer code is run on a computer, the method according to
any one of the second aspect or the possible implementations of the second aspect is performed.
[0042] According to a thirteenth aspect, this application provides a computer program. When

the computer program is run on a computer, the method according to any one of the first aspect or
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the possible implementations of the first aspect is performed.

[0043] According to a fourteenth aspect, this application provides a computer program. When
the computer program is run on a computer, the method according to any one of the second aspect
or the possible implementations of the second aspect is performed.

[0044] According to a fifteenth aspect, an embodiment of this application provides a wireless
communication system. The wireless communication system includes a first communication
apparatus and/or a second communication apparatus. The first communication apparatus is
configured to perform the method according to any one of the first aspect or the possible
implementations of the first aspect. The second communication apparatus is configured to perform
the method according to any one of the second aspect or the possible implementations of the
second aspect.

[0045] For technical effect achieved in the foregoing aspects, mutual reference may be made
between the foregoing aspects, or refer to beneficial effect in the following method embodiments.

Details are not described herein.

BRIEF DESCRIPTION OF DRAWINGS

[0046] FIG. 1 is a diagram of a structure of a wireless communication system according to an
embodiment of this application;

[0047] FIG. 2 is a diagram of another structure of a wireless communication system according
to an embodiment of this application;

[0048] FIG. 3 is a diagram of a UWB PPDU format according to an embodiment of this
application;

[0049] FIG. 4 is another diagram of a UWB PPDU format according to an embodiment of this
application;

[0050] FIG. 5 is a schematic flowchart of an ultra-wideband-based signal transmission method
according to an embodiment of this application;

[0051] FIG. 6 is a diagram of theoretical minimum Hamming distance bounds at different code
lengths according to an embodiment of this application;

[0052] FIG. 7 is a diagram of a simulation result of packet error rates of a PHR1 in different
coding schemes according to an embodiment of this application;

[0053] FIG. 8 is another schematic flowchart of an ultra-wideband-based signal transmission
method according to an embodiment of this application;

[0054] FIG. 9 is another diagram of theoretical minimum Hamming distance bounds at

different code lengths according to an embodiment of this application;
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[0055] FIG. 10 is a diagram of minimum Hamming distances at different code lengths
according to an embodiment of this application;

[0056] FIG. 11 is a diagram of a structure of a communication apparatus according to an
embodiment of this application;

[0057] FIG. 12 is a diagram of another structure of a communication apparatus according to
an embodiment of this application; and

[0058] FIG. 13 is a diagram of still another structure of a communication apparatus according

to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0059] The following clearly and completely describes technical solutions in embodiments of
this application with reference to accompanying drawings in embodiments of this application.
[0060] In descriptions of this application, the terms "first", "second", and the like are merely
intended to distinguish between different objects, but do not limit a quantity or an execution
sequence, and the terms "first", "second", and the like do not indicate a definite difference either.
In addition, the terms "include", "have", and any variants thereof are intended to cover a non-
exclusive inclusion. For example, a process, a method, a system, a product, or a device that
includes a series of steps or units is not limited to the listed steps or units, but optionally further
includes steps or units that are not listed, or optionally further includes other steps or units inherent
to the process, the method, the product, or the device.

[0061] In descriptions of this application, "/" indicates "or", unless otherwise specified. For
example, A/B may indicate A or B. In this specification, "and/or" describes only an association
relationship between associated objects, and indicates that three relationships may exist. For
example, A and/or B may indicate the following three cases: Only A exists, both A and B exist,
and only B exists. In addition, "one or more of the following items" or a similar expression thereof
indicates any combination of the items, including one of the items or any combination of a plurality
of the items. For example, at least one of a, b, or ¢ may indicate a, b, ¢, a and b, a and ¢, b and c,
or a, b, and c. a, b, and ¢ may be in a singular form or a plural form.

[0062] In this application, the term "example", "for example", or the like is used to give an
example, an illustration, or a description. Any embodiment or design scheme described with
"example", "in an example", or "for example" in this application should not be construed as being
more preferred or more advantageous than another embodiment or design scheme. To be precise,

the term "example", "in an example", "for example", or the like is intended to present a related

concept in a specific manner.
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[0063] In this application, an element represented in a singular form is intended to indicate
"one or more", but not indicate "one and only one", unless otherwise specified.

[0064] It can be understood that, in embodiments of this application, "B mapped to A" or "A
mapped to B" indicates that there is a correspondence between A and B, and B may be determined
based on A. However, it should be further understood that determining (or generating) B based on
A does not mean that B is determined (or generated) only based on A, and B may alternatively be
determined (or generated) based on A and/or other information.

[0065] The technical solutions provided in this application are applicable to a wireless personal
area network (wireless personal area network, WPAN) based on a UWB technology. For example,
a method provided in this application is applicable to an IEEE 802.15 series protocol, for example,
the 802.15.4a protocol, the 802.15.4z protocol, or the 802.15.4ab protocol, or a future-generation
UWB WPAN standard. Examples are not listed one by one herein. The method provided in this
application may be further applied to various communication systems, such as an internet of things
(internet of things, [oT) system, vehicle-to-everything (vehicle to X, V2X), and a narrowband
internet of things (narrowband internet of things, NB-IoT) system, or is applied to a device in
vehicle-to-everything, an internet of things node, a sensor, or the like in the internet of things (IoT,
internet of things), a smart camera, a smart remote control, and a smart water or electricity meter
in a smart home, a sensor in a smart city, and the like. The method provided in this application is
further applicable to a long term evolution (long term evolution, LTE) frequency division duplex
(frequency division duplex, FDD) system, an LTE time division duplex (time division duplex,
TDD) system, a universal mobile telecommunications system (universal mobile
telecommunications system, UMTS), a worldwide interoperability for microwave access
(worldwide interoperability for microwave access, WiMAX) communication system, an LTE
system, a fifth-generation (5th-generation, 5G) communication system, a sixth-generation (6th-
generation, 6G) communication system, and the like.

[0066] The UWB technology is a new wireless communication technology. In the UWB
technology, a nanosecond-level non-sinusoidal narrow impulse is used for data transmission, and
modulation is performed on an impulse with quite steep rise and fall time, and therefore, the UWB
technology has a wide spectrum range for transmission, so that a signal has a bandwidth of a
gigahertz (GHz) magnitude. A bandwidth used by a UWB is usually greater than 1 GHz. A UWB
system does not need to generate a sinusoidal carrier signal and may directly transmit an impulse
sequence. Therefore, the UWB system has a wide spectrum and low average power. A UWB
wireless communication system has advantages of a strong multi-path resolution capability, low
power consumption, high confidentiality, and the like. This facilitates coexistence with other

systems, thereby improving spectrum utilization and system capacity. In addition, in a short-range
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communication application, transmit power of a UWB transmitter may be usually lower than 1
mW (milliwatt). Theoretically, interference generated by a UWB signal is only equivalent to white
noise. This facilitates good coexistence between the ultra-wideband and existing narrowband
communication. Therefore, both the UWB system and a narrowband (narrowband, NB)
communication system can operate without interfering with each other.

[0067] The method provided in this application may be implemented by a communication
apparatus in a wireless communication system. In a communication apparatus, an apparatus, a chip,
or a functional unit that implements a function of the UWB system may be referred to as a UWB
module, and an apparatus, a chip, or a functional unit that implements a function of the narrowband
communication system may be referred to as a narrowband communication module. The UWB
module and the narrowband communication module may be different apparatuses or chips.
Certainly, the UWB module and the narrowband communication module may alternatively be
integrated into one apparatus or chip. Implementations of the UWB module and the narrowband
communication module in the communication apparatus are not limited in embodiments of this
application. A communication apparatus in this application includes a UWB module, and
optionally, further includes a narrowband communication module. It can be understood that the
foregoing descriptions of the communication apparatus are applicable to a first communication
apparatus and a second communication apparatus in this application.

[0068] Embodiments of this application are mainly described by using a WPAN, for example,
a network used in an IEEE 802.15 series standard, as an example. It is easily understood by a
person skilled in the art that various aspects of this application may be extended to another network
using various standards or protocols, for example, a wireless local area network (wireless local
area networks, WLAN), Bluetooth (BLUETOOTH), a high performance radio LAN (high
performance radio LAN, HIPERLAN) (a wireless standard similar to the IEEE 802.11 standard,
mainly used in Europe), a wide area network (WAN), or another network known now or developed
in the future. Therefore, regardless of used coverage and a used wireless access protocol, various
aspects provided in this application are applicable to any appropriate wireless network.

[0069] Optionally, the communication apparatus in embodiments of this application may be a
device that supports a plurality of WPAN standards, such as 802.15.4a, 802.15.4z, IEEE
802.15.4ab currently under discussion, or a subsequent release.

[0070] For example, the method provided in this application may be implemented by a
communication apparatus in a wireless communication system, and the communication apparatus
may be an apparatus in the UWB system. For example, the communication apparatus may include
but is not limited to a communication server, a router, a switch, a bridge, a computer, a mobile

phone, and the like that support the UWB technology. For another example, the communication
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apparatus may include user equipment (user equipment, UE). The user equipment may include
various devices that support the UWB technology, such as a handheld device, a vehicle-mounted
device (for example, a vehicle or a component mounted in a vehicle), a wearable device, an internet
of things (internet of things, [oT) device, a computing device, or another processing device
connected to a wireless modem. Examples are not listed one by one herein. For another example,
the communication apparatus may include a central control point, for example, a personal area
network (personal area network, PAN) or a PAN coordinator. The PAN coordinator or the PAN
may be a mobile phone, a vehicle-mounted device, an anchor (Anchor), a tag (tag), a smart home
appliance, or the like. For another example, the communication apparatus may include a chip, and
the chip may be disposed in a communication server, a router, a switch, a terminal device, or the
like. Examples are not listed one by one herein.

[0071] In embodiments of this application, the communication apparatus may include a
hardware layer, an operating system layer running above the hardware layer, and an application
layer running above the operating system layer. The hardware layer includes hardware such as a
central processing unit (central processing unit, CPU), a memory management unit (memory
management unit, MMU), and a memory (also referred to as a main memory). The operating
system may be any one or more types of computer operating systems that implement service
processing through a process (process), for example, a Linux operating system, a Unix operating
system, an Android operating system, an i1OS operating system, or a Windows operating system.
The application layer includes applications such as a browser, an address book, word processing
software, and instant messaging software. In addition, a specific structure of an entity for
performing the method provided in embodiments of this application is not particularly limited in
embodiments of this application, provided that the entity can run a program that records code of
the method provided in embodiments of this application to perform communication according to
the method provided in embodiments of this application.

[0072] It can be understood that the foregoing descriptions of the communication apparatus
are applicable to a first communication apparatus and a second communication apparatus in this
application.

[0073] For example, FIG. 1 is a diagram of a structure of a wireless communication system
according to an embodiment of this application. As shown in FIG. 1, the wireless communication
system is of a star topology structure. In this structure, a central control node (for example, a PAN
coordinator in FIG. 1) may perform data communication with one or more other devices. FIG. 2
is a diagram of another structure of a wireless communication system according to an embodiment
of this application. As shown in FIG. 2, the wireless communication system is of a point-to-point

topology structure. In this structure, a central control node (for example, a PAN coordinator in FIG.
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2) may perform data communication with one or more other devices, and other different devices
may also perform data communication with each other. In FIG. 1 and FIG. 2, both a full function
device (full function device) and a reduced function device (reduced function device) may be
understood as communication apparatuses shown in this application. The full function device is
defined relative to the reduced function device. For example, the reduced function device cannot
be a PAN coordinator (coordinator). For another example, compared with the full function device,
the reduced function device may have no coordination capability or have a lower communication
rate than the full function device. It can be understood that the PAN coordinator shown in FIG. 2
is merely an example, and each of other three full function devices shown in FIG. 2 may
alternatively serve as a PAN coordinator. Examples are not shown one by one herein. It can be
further understood that the full function device and the reduced function device in this application
are merely example communication apparatuses, and any apparatus that can implement a PPDU
transmission method provided in this application falls within the protection scope of this
application.

[0074] The UWB has quite low spectral energy, and has quite small interference to other
wireless communication technologies. Therefore, according to regulations, the UWB may be used
to send a signal without channel monitoring, and therefore is quite friendly to low-delay data
transmission. In addition, because the UWB has quite high communication bandwidth, data may
be transmitted in an ultra-wideband channel at a high rate. On the other hand, to increase a
transmission distance or expand a coverage area of a device, data may alternatively be transmitted
at a low rate.

[0075] A possible UWB PPDU format (format) is shown in FIG. 3. FIG. 3 is a diagram of a
UWB PPDU format according to an embodiment of this application. As shown in FIG. 3, the UWB
PPDU includes at least a physical layer header (physical layer header, PHR) field, and optionally,
further includes one or more of the following fields: a synchronization (synchronization, SYNC)
field, a start-of-frame delimiter (start-of-frame delimiter, SFD) field, or a physical layer (physical
layer, PHY) payload (PHY payload) field. The synchronization (SYNC) field is used for channel
measurement and signal synchronization, and the SFD field is used to separate the SYNC field
from a subsequent part. The PHR field indicates some parameters needed for demodulating the
PHY payload field, for example, a length, a data rate (data rate), and a coding scheme of the PHY
payload field. The PHY payload field is used to carry data. It can be understood that the names of
the fields in FIG. 3 are merely examples. With evolution of a standard, the names of the fields in
the UWB PPDU may vary, but all fields that can implement the foregoing functions fall within the
protection scope of this application.

[0076] Therefore, to correctly demodulate data in the PHY payload field, it needs to be ensured
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that the PHR field is correctly demodulated. Usually, data transmitted at a lower data rate is more
reliable, to be specific, is more likely to be correctly demodulated. Therefore, the PHR field is
usually transmitted at a low data rate. However, the PHY payload field may be transmitted at a
high data rate, to improve transmission performance. In other words, to ensure demodulation
performance, a data rate of the PHR field is usually less than a data rate of the PHY payload field.
Currently, to ensure that the PHR field can be correctly demodulated and reliability of the PHR
field is higher than reliability of the PHY payload field, the PHR field needs to be transmitted at a
low data rate. This leads to long transmission time (in other words, air interface occupation time),
increases a delay, and causes interference to another wireless device or another wireless
communication technology. In addition, if the data rate of the PHR field is excessively high, the
PHR field becomes a performance bottleneck of demodulation of the entire PPDU.

[0077] In a possible implementation, to reduce transmission time of the PHR field, the PHR
field may be divided into two parts. One part is transmitted at a fixed low data rate, and the other
part is transmitted at a dynamic data rate. FIG. 4 is another diagram of a UWB PPDU format
according to an embodiment of this application. As shown in FIG. 4, a PHR field may be divided
into two parts that are denoted as a PHR1 and a PHR2. The PHR1 is also referred to as a rate
header (rate header), and has a total of four bits, where three bits indicate a data rate of a PHY
payload field, and the other one bit indicates whether the PHY payload field is encoded by using
a low-density parity-check code (low-density parity-code, LDPC). Currently, data rates supported
by the PHY payload field include 1.95 Mbps (million bit per second), 7.8 Mbps, 31.2 Mbps, 62.4
Mbps, and 124.8 Mbps. The PHR2 mainly indicates a length of the PHY payload field. Optionally,
the PHR2 may further include a bit indicating whether the PPDU is used for sensing measurement,
areserved bit, and a cyclic redundancy check (cyclic redundancy check, CRC) bit. The PHR1 may
be transmitted at a fixed low data rate, and the PHR2 may be transmitted at a dynamic data rate. A
data rate of the PHR2 may be determined based on the data rate of the PHY payload field and
channel coding used for the PHY payload field.

[0078] In addition, the PHR1 may be encoded by using a convolutional code with a code rate
of 0.5, for example, a convolutional code with a polynomial of (133, 171)s. A possible coding
scheme for the PHRI is as follows: Six Os are added after the four bits of the PHR1 as tail bits,
and then the bits are encoded by using a convolutional code with a code rate of 0.5 to obtain 20
bits. Then two bits serve as one symbol, to obtain a total of 10 symbols. The following solutions
are available based on different symbol transmission rates: (1) The PHRI1 is transmitted at a rate
of 3.9 Mbps, and a total of approximate 2.5 ps (microsecond) is needed. (2) The PHRI is
transmitted at a rate of 1.95 Mbps, and a total of approximate 5 ps is needed. (3) The PHRI is
transmitted at a rate of 0.975 Mbps, and a total of approximate 10 ps is needed. In the solution (1),
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because a symbol rate of the PHR1 is high (3.9 Mbps), when the data rate of the PHY payload
field is 1.95 Mbps, demodulation performance cannot be ensured, leading to a performance
bottleneck. In the solution (2), a symbol rate of the PHR1 is 1.95 Mbps. Because performance of
LDPC coding is better than performance of convolutional code—based coding, when the data rate
of the PHY payload field is 1.95 Mbps and LDPC coding is used, demodulation performance still
cannot be ensured, leading to a performance bottleneck. In the solution (3), a symbol rate of the
PHRI is quite low (0.975 Mbps), and transmission duration of the PHR1 is increased.

[0079] In view of this, embodiments of this application provide an ultra-wideband-based
signal transmission method and apparatus. A new codebook (for example, a first codeword set) is
designed for mapping (mapping) and encoding first PHR information, to improve coding
performance of a PHR field (mainly the first PHR information), and further reduce transmission
duration of the PHR field (mainly the first PHR information). For example, a "codeword set" in
this application is one or more codewords.

[0080] The technical solutions provided in this application are described below in detail with
reference to more accompanying drawings.

[0081] To clearly describe the technical solutions of this application, this application is
described by using a plurality of embodiments. For details, refer to the following descriptions. In
this application, for same or similar parts of embodiments or implementations, mutual reference
may be made between the embodiments or implementations, unless otherwise specified. In
embodiments of this application and implementations/methods/implementation methods of
embodiments, unless otherwise specified or a logical conflict occurs, terms and/or descriptions in
different embodiments and implementations/methods/implementation methods of embodiments
are consistent and may be mutually referenced. Technical features in different embodiments and
implementations/methods/implementation methods of embodiments may be combined to form a
new embodiment, implementation, method, or implementation method based on an internal logical
relationship between the technical features. The following implementations of this application are
not intended to limit the protection scope of this application.

[0082] A communication apparatus in this application may support the 802.15.4ab standard or
a next-generation standard of 802.15.4ab, may support a plurality of standards such as 802.15.4a,
802.15.4-2011, 802.15.4-2015, 802.15.4-2020, and 802.15.4z, and may further support WLAN
standards of an 802.11 family such as 802.11ax, 802.11ac, 802.11n, 802.11g, 802.11b, 802.11a,
and a next generation of 802.11be.

[0083] FIG. 5 is a schematic flowchart of an ultra-wideband-based signal transmission method
according to an embodiment of this application. As shown in FIG. 5, the ultra-wideband-based

signal transmission method includes but is not limited to the following steps.
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[0084] S101: A first communication apparatus generates a PPDU, where the PPDU includes a
PHR field and a PHY payload field, the PHR field includes first PHR information, and the first
PHR information indicates a data rate of the PHY payload field and whether the PHY payload field
is encoded by using a first coding scheme.

[0085] S102: The first communication apparatus sends a signal, where the signal is generated
based on the PPDU, the signal includes a signal generated based on a codeword obtained by
encoding the first PHR information, and the codeword includes a codeword, in a first codeword
set, that corresponds to the first PHR information.

[0086] Correspondingly, a second communication apparatus receives the signal.

[0087] S103: The second communication apparatus decodes the signal to obtain the first PHR
information.

[0088] Optionally, the PPDU may be a PPDU used in a UWB WPAN standard, for example,
a PPDU in the 802.15.4ab protocol.

[0089] Optionally, the PPDU may include but is not limited to the PHR field and the PHY
payload field. The PHR field may include the first PHR information and second PHR information.
The first PHR information may indicate the data rate of the PHY payload field and whether the
PHY payload field is encoded by using the first coding scheme. The second PHR information may
indicate a length of the PHY payload field, and optionally, further indicates one or more of the
following: whether the PPDU is used for sensing measurement, or a cyclic redundancy check
(cyclic redundancy check, CRC) code.

[0090] For example, the first coding scheme may be any one of the following: LDPC, a
convolutional code, a polar (Polar) code, a turbo (Turbo) code, and the like. This is not limited in
this embodiment of this application. For ease of description, an example in which the first coding
scheme is the LDPC is used for description. Certainly, with development of a standard, the LDPC
below may alternatively be replaced with any coding scheme (for example, the convolutional code,
the polar code, or the turbo code) specified in a future standard.

[0091] For example, a frame format of the PPDU may be shown in FIG. 4. The PHR1 in FIG.
4 corresponds to the first PHR information in this embodiment of this application, and the PHR2
in FIG. 4 corresponds to the second PHR information in this embodiment of this application. In
this case, the first PHR information (PHR1) has a total of four bits, where three bits indicate the
data rate of the PHY payload field, and the other one bit indicates whether the PHY payload field
is encoded by using the LDPC. For example, the second PHR information (PHR2) has a total of
23 bits, where 12 bits indicate the length of the PHY payload field, one bit indicates whether the
PPDU is used for sensing measurement, two bits are reserved, and eight bits indicate the CRC

code.
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[0092] Optionally, the first communication apparatus may encode the generated PPDU, and
then may modulate a codeword obtained through encoding into a UWB impulse (namely, a signal)
and send the UWB impulse. Correspondingly, after receiving the signal (namely, the UWB
impulse), the second communication apparatus demodulates the signal to obtain the codeword
obtained by encoding the PPDU, and then decodes, based on the first codeword set, the codeword
obtained by encoding the first PHR information (PHRI), to obtain the first PHR information
(PHR1). The first codeword set may be predefined, pre-negotiated-upon, preconfigured, or the like.
The encoding herein may include the convolutional code, the LDPC, a specific codebook, a
repetition code, or the like. It can be understood that different fields in the PPDU may be encoded
by using different coding schemes. For example, the PHY payload field in the PPDU is encoded
by using the LDPC or the convolutional code, and an SFD field is mapped and encoded by using
the codebook. For another example, the first PHR information (PHR1) in the PPDU is mapped
and encoded by using the codebook, and the second PHR information (PHR2) is encoded by using
the convolutional code.

[0093] Therefore, the signal may be generated based on the PPDU. In this case, the signal
includes at least the signal generated based on the codeword obtained by encoding the first PHR
information (PHR1), and the codeword may include a codeword, in the first codeword set, to which
the first PHR information is mapped. The first codeword set includes at least M codewords, and a
length of each codeword is L. For example, a Hamming distance d between any two of the M

codewords satisfies the following formula (1-1) or the following formula (1-2):

ML
d ZLmJ—l """"""""""""""""""""""""""""""""""" (1-1)

o —— a

[0094] The symbol [ | indicates rounding down. A same symbol in the following descriptions

indicates a same meaning, and details are not described again.

[0095] Optionally, the first codeword set may be all or some of codewords in the codebook,
and a quantity of codewords in the codebook is 2K, where K is a bit length of the first PHR
information (PHR1). M is less than or equal to 2X. The codebook may be predefined, pre-
negotiated-upon, preconfigured, or the like. Predefining in this application may be understood as
defining, defining in advance, presetting, storing, prestoring, pre-negotiating, preconfiguring,
solidifying, pre-burning, or the like.

[0096] In this specification, the "length of the codeword" may also be referred to as a "code
length", a "codeword length", or the like. The three terms may be used interchangeably, and details
are not described below again.

[0097] It can be understood that the Hamming distance (Hamming distance) is used in error
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control coding for data transmission, and indicates a quantity of different characters at
corresponding positions in two character strings (with a same length). d(x, y) represents a
Hamming distance between two character strings: x and y. An exclusive OR operation is performed
on the two character strings, and a quantity of results that are 1s is counted. In this case, the counted
quantity of results that are 1s is the Hamming distance.

[0098] It can be further understood that a theoretical minimum Hamming distance of a

codebook whose size is N codewords and whose code length is L satisfies the following formula

(1-3):

NL
I, (13)

[0099] Optionally, the length L of the codeword in the first codeword set may be an even
quantity of bits, and may be further greater than or equal to 2¥ bits, where K is the bit length of
the first PHR information (PHR1). For example, the length L of the codeword is 22 bits, 26 bits,
30 bits, or 36 bits.

[00100] Optionally, the codeword in the first codeword set may be generated based on an (L+2)-
order Hadamard (Hadamard) matrix. For a manner of generating the first codeword set and specific
content of the codeword, refer to the following descriptions. Details are not described herein.
[00101] It can be understood that the Hadamard matrix ( Hadamard matrix) is a square matrix,
and includes an element +1 and an element —1. In addition, all rows of the Hadamard matrix are
orthogonal to each other, and all columns are also orthogonal to each other. A k-order (kxk)
Hadamard matrix H satisfies the following formula: HH"=kIy, where Ix represents a kxk identity
matrix, and HT represents a transpose of H. Because all rows of the Hadamard matrix are
orthogonal to each other, a Hamming distance between different rows is (k/2). A normalized
Hadamard matrix is a Hadamard matrix in which the 1% row of elements and the 1% column of
elements are all 1. When a quantity k of rows of the Hadamard matrix is greater than 2, k is an
integer multiple of 4.

[00102] In this embodiment of this application, a new codebook is designed, and the first PHR
information (PHR1) is mapped and encoded by using the first codeword set in the codebook. This
not only can meet a requirement for demodulation performance, but also can reduce transmission
duration of the PHR field (mainly the PHR1), to achieve a good compromise between the
demodulation performance and the transmission duration of the PHR field (mainly the PHR1). In
addition, in this embodiment of this application, the Hamming distance between codewords in the
first codeword set is further increased to improve coding performance of the PHR field (mainly
the PHR1).

[00103] The following describes in detail a design idea of the codebook in this embodiment of
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this application, and describes, by using examples, the codebook provided in this embodiment of
this application and a manner of generating the codebook.

[00104] In this embodiment of this application, because the PHY payload field currently
supports a total of five data rates, depending on whether the PHY payload field is encoded by using
the LDPC, at least 10 values are needed in the first PHR information (PHR1) to indicate the data
rate of the PHY payload field and whether the PHY payload field is encoded by using the LDPC.
Correspondingly, at least 10 codewords are needed for mapping and encoding the first PHR
information (PHR1).

[00105] It can be understood that coding performance is related to a minimum Hamming
distance between codewords. A larger minimum Hamming distance between codewords indicates
a greater difference between different codewords, better coding performance, and a higher
probability of correct decoding.

[00106] When the first PHR information (PHR1) is four bits, if mappings between all values of
the four bits and codewords are considered, there are a total of 16 codewords. When the code
length is L, a bound (bound) of a theoretical minimum Hamming distance between the 16

codewords is as follows:

16*L _{ﬁiEJ
206-1) | | 15 |-

[00107] Ifonly 10 codewords are considered, when the code length is L, a bound of a theoretical

minimum Hamming distance between the 10 codewords is as follows:

10% L _[EiEJ
200-1 | | 9 |

[00108] In this specification, the symbol "*" represents a "multiplied by" or "multiply"

operation. A same symbol in the following descriptions indicates a same meaning, and details are
not described below again.

[00109] FIG. 6 is a diagram of theoretical minimum Hamming distances bounds at different
code lengths according to an embodiment of this application. As shown in FIG. 6, a horizontal
coordinate represents a code length (code length), and a vertical coordinate represents a theoretical
minimum Hamming distance bound (minimum Hamming distance bound). It can be understood
that, for precision of illustration, FIG. 6 shows only theoretical minimum Hamming distance
bounds for some of code lengths. To be specific, a code length range represented by horizontal
coordinates is 20 bits to 32 bits. In FIG. 6, Equal (equal) represents equal coding, and Unequal
(unequal) represents unequal coding. The equal coding is a case in which 16 codewords are
considered. The unequal coding is a case in which only 10 codewords are considered.

[00110] It can be learned from FIG. 6 that, when the code length L is 20, 22, 24, 26, 28, or

another value, a case in which only 10 codewords (unequal coding) are considered has a specific
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advantage in terms of a theoretical minimum Hamming distance compared with a case in which
16 codewords (equal coding) are considered.

[00111] Examples are used below to describe how to design a codebook, to make the codebook
include 10 codewords and make a Hamming distance between the 10 codewords reach a maximum
value.

[00112] For example, a possible codebook generation manner is as follows:

[00113] It is assumed that K represents the bit length of the first PHR information (namely, the
PHRI1), L represents the length of the codeword, L>2K, a quantity of codewords included in the
first codeword set is M, and M<2K.

[00114] When L=4n+2 (n is a positive integer), L+2 (namely, 4n+4) is an integer multiple of 4.
In this case, an (L+2)*(L+2) normalized Hadamard matrix H+2) exists, and a codebook may be
generated through the following steps.

[00115] Step 1: Select an (L+2)*(L+2) normalized Hadamard matrix H+2). It can be learned,
based on characteristics of the Hadamard matrix, that a Hamming distance between any two rows
in H+2) is as follows: (L+2)/2=(4(n+1))/2=2n+2. Then remove the 1% column of elements in H+2)
to obtain an (L+2)*(L+1) matrix Hw+2)xr+1)). Because the 1% column of elements in H +2) are the
same (all the elements are 1), a Hamming distance between any two rows in the matrix H(r+2)*wL+1))
is still 2n+2.

[00116] Step 2: Select any column from the matrix H(w+2)xw+1)), remove the column, and divide,
into two groups based on positive/negative properties of elements in the removed column, rows of
a matrix obtained by removing the column, to obtain a matrix G+ and a matrix G_. The matrix G+
includes (2n+2) rows with a length of L (in other words, a size of G- is (2n+2) rows and L columns),
and a Hamming distance between any two rows of elements in the matrix G+ is still 2n+2. The
matrix G- includes (2n+2) rows with a length of L (in other words, a size of G- is (2n+2) rows and
L columns), and a Hamming distance between any two rows of elements in the matrix G- is still
2n+2. In addition, a Hamming distance between any row of elements in the matrix G+ and any row
of elements in the matrix G- is 2n+1.

[00117] Step 3: Select M rows of elements from any one of the matrix G+ and the matrix G_,
select (2%-M) rows of elements from the other matrix, and combine the elements to form a
codebook matrix C. The codebook matrix C includes 2% codewords with a length of L, where a
minimum Hamming distance between M valid codewords is 2n+2, and a minimum Hamming
distance between all codewords is 2n+1. It can be understood that the M rows of elements selected
from the matrix G+ or the matrix G- are the M valid codewords. The M valid codewords may be
combined into the first codeword set, or the M valid codewords are some of the codewords in the

first codeword set.

19



10

15

20

[00118] The codebook generated through the foregoing steps satisfies the following conditions:
A minimum Hamming distance between codewords in the codebook is equal to a theoretical
minimum Hamming distance bound of the codebook, that is, 2n+1; and a Hamming distance
between any two codewords in the first codeword set of the codebook is equal to a theoretical

minimum Hamming distance bound of the first codeword set, that is, 2n+2. In this way, coding

performance of the first PHR information (PHR1) can be improved.

[00119] It can be understood that, in the foregoing steps (step 1 to step 3), different codebooks
may be constructed by using different Hadamard matrices, but minimum Hamming distances of
the codebooks remain the same. It can be further understood that another codebook matrix may be
obtained by performing column rearrangement, row rearrangement, entire-column element
negation (the element negation means that an element —1 is changed to an element 1, and an
element 1 is changed to an element —1), or another operation on the codebook matrix C obtained

in step 3. The another codebook matrix and the codebook matrix C obtained in step 3 have same

Hamming distance distribution.

[00120] For example, K is equal to 4, and when L=22, the following 24*24 Hadamard matrix

Hb»4 1s constructed:

Has=

. .
PR R R R PRPRRPERR PR R RPERP PR RBRP R RBRP R R

[00121] After the 1% column of Hy4 is removed, a matrix Ha4+23 is obtained. It is assumed that
the 15 column of Ha4#23 is selected, and when the 15 column of Has#23 is removed, all rows are

divided into the following two groups based on positive/negative properties of the 15 column of

elements in Hp4#23:

11111111111 1111111111
-11-1111-1-1-11-11-11-1111-1-1-11-1
-1-11-11711-1-1-111-1-11-11 1 1-1-1-11
1-1-117-1111-1-1-111-1-11-11 1 1-1-1-1
-117-1-119-11711-1-11-11-1-11-11 1 1-1-1
-1-117-1-11-1111-11-1-11-1-11-11 1 1-1
-1-1-117-1-117-11111-1-1-11-1-11-11 1 1
1-1-1-117-1-11-11111-1-1-11-1-11-11 1
t11-1-1-117-1-11-11111-1-1-11-1-11-11
111-1-1-11-1-11-117111-1-1-11-1-11 -1
-11711-1-1-11-1-111-1111-1-1-11-1-11
1-11711-1-1-11-1-111-111 1-1-1-11-1-1
111111111 11~-1-1-1-1-1-1-1-1-1-1-1-1
-117-11711-1-1-11-1-11-11-1-1-11 1 1-11
-1-117-1111-1-1-11-111-11-1-1-11 1 1-1
1-1-11-11711-1-1-1-1-11 1-11-1-1-11 1 1
-117-1-11-1111-1-1-11-11 1-11-1-1-11 1
-1-117-1-11-1111-1-111-11 1-11-1-1-11
-1-1-11-1-11-1111-1111-111-11-1-1-1
1-1-1-117-1-11-111-1-1111-111-11-1-1
11-1-1-117-1-11-11-1-1-1111-11 1-11-1
111-1-1-11-1-11-1-1-1-1-1111-11 1-11
-11711-1-1-11-1-11-11-1-1-111 1-11 1-1

1-11711-1-1-11-1-1-1-11-1-1-11 1 1-11 1
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11111111111 11111111111
-1-1171-1111-1-1-111-1-11-11 1 1-1-1-1
-1-1-11-1-11-11111-1-1-11-1-11-11 1
1-1-1-11-1-11-11111-1-1-11-1-11-11
11-1-1-117-1-117-11111-1-1-11-1-11 -1
c»——-1111-1-1-11-1-11 1-11 1-1-1-11-1-1
t1111111111~-1-1-1-1-1-1-1-1-1-1-1-1
-1-117-1111-1-1-1-1-11 1-11-1-1-11 1 1
-1-1-11-1-11-1 1-1-1111-111-11-1-1
1-1-17-117-1-11-11-1-1-1111-11 1-11-1
11-1-1-11-1-11-1-1-1-1-11 1 1-11 1-11
-11711-1-1-11-1-1-1-11-1-1-1111-11 1
1-1111-1-1-11-11-11-11 1 1-1-1-11-1
-117-11711-1-1-111-1-11-11 1 1-1-1-11
1-1-117-11711-1-11-11-1-11-11 1 1-1-1
-17-1-117-11711-11-1-11-1-11-11 1 1-1
-1-117-1-117-117111-1-1-11-1-11-11 1 1
-1 11-1-1-11-1-111-111 1-1-1-11-1-11
1-11711-1-1-11-1-11-11-1-1-11 1 1-11
-117-11711-1-1-11-111-11-1-1-11 1 1-1
1-1-117-1111-1-1-11-11 1-11-1-1-11 1
-117-1-117-11711-1-111-11 1-11-1-1-11
-1-117-1-11-117111-1111-111-11-1-1-1
+t111-1-1-11-1-11-11-1-1-111 1-11 1-1

[00122] In this case, a Hamming distance between any two rows of elements in 6 is 12, a
Hamming distance between any two rows of elements in G* is also 12, and a Hamming distance
between any row of elements in 6* and any row of elements in G* is 11. Then 12 (to be specific,
M is equal to 12) rows of elements are selected from G”, four rows of elements are selected from
G, an element 1 is mapped to 0, and an element —1 is mapped to 1, to obtain codewords shown in
the following Table 1. A size of G is 12 rows and 22 columns, and a size of G* is also 12 rows
and 22 columns.

[00123] It can be understood that a mapping relationship between elements 1 and —1 in a matrix,
and 1 and 0 is not limited in this embodiment of this application. It can be further understood that,
in the following Table 1, a Hamming distance between any two of the first 10 codewords is 12.
Based on FIG. 6, this reaches a theoretical bound in unequal coding in a case in which the code
length L is equal to 22. In addition, for all codewords shown in the following Table 1, a minimum
Hamming distance may reach 11. This also reaches a theoretical bound in equal coding in a case

in which the code length L is equal to 22.
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Table 1 Example 1 of a codebook with a code length (L) of 22

First PHR information
(PHR1)
Data rate LDPC Codeword (codeword)
(data rate) indication
(three bits) (LDPC
indication)
(one bit)
000 0 01 0 0 01T 1T 1T O0T1O01
0 1 I 1 0 1
000 1 1 01 00 01 1 1001
0 01 1 1 0
001 0 O 1 1 01 0O0OT1TT1TO0F'1
I 0 0 0 1 1
001 1 1 01101000101
01 0 0 0 1
010 0 1 101 101 0 00 0 1
1 01 0 0 O
010 1 0O 00 1 T.1T.01 1 0 01
I 1.0 1 1 0
011 0 01 0 001 1 10110
I 0 0 01 0
011 1 1 0100 01 11010
I 1.0 0 0 1
100 0 0 1 101 0O0O0OT1T1T1FPO0
0 1 1 1 0 O
100 1 1 01 1.010O0O0 110
I 01 1 1 0
101 0 1 101 101 0001 O0
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First PHR information
(PHR1)
Data rate LDPC Codeword (codeword)
(data rate) indication
(three bits) (LDPC
indication)
(one bit)
01 0 1 1 1
101 1 o001 1101 1TO01O0T1T1T1SFP®O
0 01 0 0 1
110 0 1 1101 10 1 001 T1TO0O0 0 1
0 01 0 1 1
110 1 o1 11011 01TO0T1T1T1TQG0OTUO0O0
I 0 01 0 1
111 0 o o01»11ro011o0o11 11100
01 0 0 1 0
111 1 1 0001 11011110111
00 01 0O

[00124] For another example, K is equal to 4, and when L=26, a 28*28 normalized Hadamard

matrix Hyg is as follows:
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After the 1% column of Hyg is removed, a matrix Hag+»7 is obtained. It is assumed that

[00125]

the 14 column of Hag#»7 is selected, and when the 14 column of Hag#»7 is removed, all rows are

divided into the following two groups based on positive/negative properties of elements in the 14"

column of H28*27:

5

1-11-111-1-1-1-111-1-1-1-11-1-1111 1-1-11

-11-11-11 1-1-
1-11-11-11
1 1-11-11-—

1
1

1—

1
1

1

— i

1
1

1
1

1
1
1

1
1

1

1
1

1
1
1

1
1
1

1
1

1
11

1 —

-1171-117-117-111-1-1-11-1-11-1-1-11-1-11 1 1

-1-17171-11-117-111-1-111-1-11-1-1-11-1-11 1
-1-1-111-11-11-111-1111-1-11-1-1-11-1-11

-1-1-1-1171-1171-11-1111111-1-11-1-1-11-1-1

1-1-11-1-1-11
11-1-11-1-1-1

-1-11-1-1-11 -1

11
11
11

1
1
-1

1
1

1
-1 -111-1-1-1-111-11-1-11-1-11111-1-11-1-1

1
1
1 —

-11-11-11-

1-11-11-1-

1
1
-111-11-11

26
G
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10

15

(1 1-111-1-1-1-111-11-11-11 1-1-1-1-11 1-11
111-111-1-1-14-111-11-11-111-1-1-1-11 1 -1
-11711-1171-1-1-1-1171-11-11-11 1-1-1-1-11 1
1-11711-1171-1-1-1-111-11-11-11 1-1-1-1-11
11-11711-111-1-1-1-111-11-11-11 1-1-1-1-1
-1171-11711-1171-1-1-1-111-11-11-11 1-1-1-1
¢%~—-1-111-1111-111-1-1-1-111-11-11-11 1-1-1
-1-1-1171-1111-11711-1-1-1-111-11-11-11 1-1
-1-1-1-1171-11711-111-1-1-1-111-11-11-11 1
1-1-1-1-1171-11711-111-1-1-1-11 1-11-11-11
11-1-1-1-1171-11711-111-1-1-1-11 1-11-11 -1
-1171-1-1-1-1171-11711-111-1-1-1-11 1-11-11
1-1171-1-1-1-1171-11711-111-1-1-1-11 1-11-1
-1-1-1-1-1-1-1-1-1-1-1-1-11111111111111

[00126] In this case, a Hamming distance between any two rows of elements in G is 14, a
Hamming distance between any two rows of elements in G* is also 14, and a Hamming distance
between any row of elements in G and any row of elements in G* is 13. Then 14 (to be specific,
M is equal to 14) rows of elements are selected from G”, two rows of elements (any two rows,
where the last two rows in G are used as an example in the following Table 2) are selected from
G¥, an element 1 is mapped to 0, and an element —1 is mapped to 1, to obtain codewords shown in
the following Table 2. A size of G is 14 rows and 26 columns, and a size of G is also 14 rows
and 26 columns.

[00127] It can be understood that a mapping relationship between elements 1 and —1 in a matrix,
and 1 and 0 is not limited in this embodiment of this application. It can be further understood that,
in the following Table 2, a Hamming distance between any two of the first 10 codewords is 14.
Based on FIG. 6, this reaches a theoretical bound in unequal coding in a case in which the code
length L is equal to 26. In addition, for all codewords shown in the following Table 2, a minimum
Hamming distance may reach 13. This also reaches a theoretical bound in equal coding in a case

in which the code length L is equal to 26.

Table 2 Example 1 of a codebook with a code length (L) of 26

First PHR information
(PHR1)
Data rate LDPC Codeword (codeword)
(data rate) indication
(three bits) (LDPC
indication)
(one bit)
000 0 o 01 001 1T 1T 1T0O0T1TUO0OT1O01
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First PHR information

Codeword (codeword)

(PHR1)

Data rate LDPC
(data rate) indication
(three bits) (LDPC

indication)
(one bit)
000 1
001 0
001 1
010 0
010 1
011 0
011 1

100 0
100 1
101 0
101 1

26




First PHR information
(PHR1)
Data rate LDPC Codeword (codeword)
(data rate) indication
(three bits) (LDPC
indication)
(one bit)
1 111001 010
110 0 o1 00111 10O01TUO0TO0O0T1SF®O0
0O 1 1 110 0 1 01
110 1 1 11111111111 14000
0 00O O O O0OO0OTO0TO0
111 0 1 0 01 1110O0T1TO0OT1TTUO0OTUO0T1'1
0O 000 1 1 01 11
111 1 o1 00111 10O0T1O0T1T1°O01
1 000 01 1 0 1 1

[00128] For still another example, K is equal to 4, and when L=30, a 32*32 normalized

Hadamard matrix Hs» is as follows:
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r11111111111111111111111111111111

1-117-117-11-11-11-11-11-11-11-11-11-11-11-11-11-1

11-1-111-1-1171-1-111-1-111-1-111-1-111-1-11 1-1-1
1-1-11 1-14-111-1-111-1-111-1-111-1-111-1-11 1-1-11
1111-1-1-1-11111-1-1-1-11111-1-1-1-1111 1-1-1-1-1
1-117-1-.119-111-11-1-11-111-11-1-11-111-11-1-11-11
t11-1-1-1-117111-1-1-1-11111-1-1-1-1111 1-1-1-1-11 1
1-1-117-111-11-1-11-111-11-1-11-111-11-1-11-11 1-1
11111111-1-1-1-1-1-1-1-111111111-1-1-1-1-1-1-1-1
1-117-11-117-1-117-11-11-111-11-11-11-1-11-11-11-11
11-1-1711-1-1-1-111-1-11111-1-111-1-1-1-11 1-1-11 1
1-1-117 1-14-11-11711~-1-111-11-1-111-1-11-111-1-11 1-1
1111-1-1-1-1-1-1-1-111111111-1-1-1-1-1-1-1-11 1 1 1
1-117-1-119-11-11-111-11-11-11-1-11-11-11-111-11-1
t11-1-1-1-11711-1-11111-1-111-1-1-1-111-1-11 1 1 1 -1-1
1-1-117-111-1-1171-11-1-111-1-11-111-1-11 1-11-1-11

1111111111111111-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

1-117-11-117-117-11-117-11-1-11-11-11-11-11-11-11-11
11-1-17171-1-111-1-111-1-1-1-111-1-111-1-111-1-11 1

1-1-117 1-14-1171-1-111-1-11-111-1-111-1-11 1-1-11 1-1
1111-1-1-11-11111-1-1-1-1-1-1-1-11111-1-1-1-1111 1

1-117-1-119-111-11-1-11-11-11-111-11-1-11-111-11-1

t11-1-1-1-117111-1-1-1-111-1-11111-1-1-1-11 1 1 1 -1-1

1-1-117-111-11-1-11-111-1-111-11-1-11-11 1-11-1-11
11111111~-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-111111111

1-117-11-117-1-117-11-11-11-11-11-11-111-11-11-11-1
11-1-1711-1-1-1-111-1-111-1-111-1-11111-1-11 1-1-1
1-1-11 1-14-11-11711-1-111-1-111-1-111-11-1-11 1-1-11

1111-1-1-1-1-1-1-1-11111-1-1-1-111111111-1-1-1-1
1-117-1-117-11-11-111-11-1-11-111-11-11-11-1-11-11
11-1-1-1-111-1-11111-1-1-1-11111-1-11 1-1-1-1-11 1
‘1-1-11-111-1-11711-11-1-11-111-11-1-111-1-11-11 1-1

Hso=

After the 1% column of Hs; is removed, a matrix Hio+3; is obtained. It is assumed that

[00129]
the 1% column of Hj3»+31 is selected, and when the 15t column of Hj3»+3; is removed, all rows are

divided into the following two groups based on positive/negative properties of the 1% column of

elements in Hzz#31:

5

r111111111111111111111111111111

-1-111-1-11711-1-111-1-111-1-111-1-11 1-1-11 1-1-1

11-1-1-1-.117111-1-1-1-11111-1-1-1-1111 1-1-1-1-1
-1-1-1-117111-1-1-1-11111-1-1-1-1111 1-1-1-1-11 1

111111-1-1-1-1-1-1-1-111111111-1-1-1-1-1-1-1-1
-1-111-1-1-1-111-1-11111-1-111-1-1-1-11 1-1-11 1

11-1-1-1-1-1-1-1-111111111-1-1-1-1-1-1-1-11 1 1 1

1111111111111 1~-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

-1-1171-1-1171-1-111-1-1-1-111-1-111-1-11 1-1-11 1

11-1-1-1-117111-1-1-1-1-1-1-1-11111-1-1-1-11 1 1 1
-1-1-1-11111-1-1-1-111-1-11111-1-1-1-11 1 1 1-1-1

t111111-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-111111111
-1-111-1-1-1-111-1-111-1-111-1-11111-1-11 1-1-1

11-1-1-1-1-1-1-1-1171111-1-1-1-111111111-1-1-1-1
+-1-1-1-1171-1-117111-1-1-1-11111-1-11 1-1-1-1-11 1

«_{-1-1-1-111-1-11111-1-111-1-1-1-111-1-11 1 1 1-1-1

+

G
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10

(1-11-11-11-11-11-11-1
-1171-1-111-1-11 1-1-11
1-1-11-111-11-1-11-11
-117-111-11-1-11-11 1-1
1-11-11-1-11-11-11-11
-1171-1-11-111-1-11 1-1
1-1-11-11-11-111-11-1
g¥—|-11-111-1-111-11-1-11
) 1-11-11-11-11-11-11-1-1
-1171-1-111-1-11 1-1-11-1
1-1-11-111-11-1-11-11-1
-117-1171-11-1-11-11 1-1-1
1-117-11-1-11-11-11-11-1
-1171-1-11-111-1-11 1-1-1
1-1-11-11-11-111-11-1-1
-11-111-1-111-11-1-11-1

-117-11-11-11-11-11-11-1
-1-111-1-11 1-1-11 1-1-11
-117-1-11-111-11-1-11-11
-1-11-111-11-1-11-11 1-1
-117-11-11-1-11-11-11-11
-1-111-1-11-11 1-1-11 1-1
-117-1-11-11-11-111-11-1
-1-11-111-1-11 1-11-1-11
1
1
1
1

[ N Y W W WY

-117-11-11-11-11-11-11
1-1-11 1-1-1 1-1-111-1
-1171-11-1-11-11 1-11-1
1-11-1-11-1 1-11-1-11
-117-11-111-11-11-11-1
1-1-111-11-1-11 1-1-11
-1171-11-11-11-1-11-11
1-11-1-11 1-1-11-11 1-1

1
1
1
1
1
1
1
1

[00130] In this case, a Hamming distance between any two rows of elements in G’ is 16, a
Hamming distance between any two rows of elements in G* is also 16, and a Hamming distance
between any row of elements in G and any row of elements in G* is 15. A size of G is 16
rows and 30 columns, and a size of G is also 16 rows and 30 columns. Therefore, 16 rows of
elements may be selected from G* or G* (in the following Table 3, for example, 16 rows of
elements are selected from G*), an element 1 is mapped to 0, and an element —1 is mapped to 1,
to obtain codewords shown in the following Table 3.

[00131] It can be understood that a mapping relationship between elements 1 and —1 in a matrix,
and 1 and 0 is not limited in this embodiment of this application. It can be further understood that,
in the following Table 3, a Hamming distance between any two codewords is 16. Based on FIG.

6, this reaches a theoretical bound in unequal coding in a case in which the code length L is equal

to 30.

Table 3 Example 1 of a codebook with a code length (L) of 30

First PHR information
(PHR1)
Data rate LDPC Codeword (codeword)
(data rate) indication
(three bits) (LDPC
indication)
(one bit)
000 0 o1 01 0101O0T1TO0T1TUO0OT1SF®0
1 0101 01 01O0T1TTO0OT1TO0°'1
000 1 1 0011001 1 0O0T1T1TQO0TDO0
1 1001 1001 1O0O01T1O0
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First PHR information

(PHR1)
Data rate LDPC Codeword (codeword)
(data rate) indication
(three bits) (LDPC
indication)
(one bit)

001

001

010

010

011

011

100

100

101

101

110

30




First PHR information
(PHR1)
Data rate LDPC Codeword (codeword)
(data rate) indication
(three bits) (LDPC
indication)
(one bit)
110 1 1 001101 0O0T1T1TUO0TUO0T11
001100101 T1TO0O0T1T1SF®0
111 0 o1 101 01TO0OT1TTUO0OO0OT1TO0T1:1
O 1001 010 T1TO01T1TTO0OT1§D0
111 1 1 01001 100101101
0O 01ro11o0o01 101001

[00132] In addition, when L>2&*D_2 the code length may be split into two parts: L=L;+L,. A
codebook matrix with a code length of L; and a codebook matrix with a code length of L, are
separately designed in the foregoing codebook generation manner, and then the two codebook
matrices are concatenated to form a codebook with a length of L.

[00133] For example, when L=18+18, a 20*20 normalized Hadamard matrix Hy is as follows:

(11 1111111111111 11111
-1171-1-1-1-11-11-111 1 1-1-11
1-1-1-1-11-11-11111-1-11-1
1-1-11-11-11 11 1-1-11-1-1
1-
1

I
HHHH
(SR

11-117-11111-1-11-1-11

1-11-117111-1-11-1-1
1-11-11 11 1-1-11-1-1
1-117-117111-1-11-1-11
1-117-117 11 1-1-11-1-11 1
1-117-117111-1-11-1-11 1
-117-117111-1-11-1-11 1
-11111-1-11-1-1 1
111-1-11-1-11
1 1-1-11-1-11 1
1 -11-1-11 1
1-1-1 1
-11

1

—-1-—

1-1-—
1-1-1-— 1
-1-1-1 1 1-
—-1-1 1 —
-1 _
Hao= __
1 —
1

1

»—\»—\r—w—x

1 -1-
1 -1-
1 -1-
1 - -1

»—u—u—u—\

1
1

[N, [

»—n—x

-1-
-1-1-
-1-1-1-11-11-11 1 1
-1-1-11-11-11 11 1
— 1-117-11-11 11 1-1
1-1-1-11-11-111 1 1-1-1

[00134] After the 1% column of Hyg is removed, a matrix Hao+19 is obtained. Any column (for

.
»—\H»—u—u—w—u—u—u—u—u—w—u—u—u—u—u—w—u—\

—_

—_

—_

—_

—_
I
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example, the 1% column herein) is selected from the matrix Hao+19 and is removed, and rows of a
matrix obtained by removing the column are divided into the following two groups based on
positive/negative properties of elements in the removed column:

1111111111111 11111
1-1-1-1-11-11-11 11 1-1-11-1-1
-1-1-1-11-11-11111-1-11-1-11
-117-117111-1-11-1-11 1-1-1-1-1

g¢e-J—-1717111-1-11-1-11 1-1-1-1-11 -1

“l1711-1-11-1-11 1-1-1-1-11-11 -1
11-1-117-1-11 1-1-1-1-11-11-11
1-1-11-1-11 1-1-1-1-11-11-11 1
-1-1171-1-11 1-1-1-1-11-11-11 1 1

t-1-1171-1-1-1-11-11-11 11 1-1-1

-111-1-1-1-11-11-11 11 1-1-11
11-1-1-1-11-11-111 1 1-1-11-1
-1-1-11-11-117 11 1-1-11-1-11 1
-1-11-11-11111-1-11-1-11 1-1
5 eg¢-|—-11-11-11111-1-11-1-11 1-1-1

1-11-117111-1-11-1-11 1 - -1
1-11111-1-11-1-11 1-1-1 1
1111-1-11-1-11 1-1-1-1-11-11
-117-1-111-1-1-1-11-11-11 1 1 1
+1-1-111-1-1-1-11-11-111 1 1-1

[00135] 10 rows of elements are selected from G, and the last six rows of elements are selected

1-1
1-1

from G, to form a codebook matrix Cjex1s with a code length L of 18.

—-11111-1-11-1-11 1 -1-1-1-11 -1
111-1-11-1-11 1-1-1-1-11-11 -1
11-1-117-1-11 1-1-1-1-11-11-11
1-1-117-1-11 1-1-1-1-11-11-11 1
-1-117-1-11 1-1-1-1-11-11-11 1 1
-1-111-1-1-1-11-11-11 1 1 1-1-1
-1171-1-1-1-11-11-11 11 1-1-11
11-1-1-1-11-11-111 1 1-1-11-1
-1-1-1717-11-11111-1-11-1-11 1
-1-117-11-117111-1-11-1-11 1-1
-117-117-117111-1-11-1-11 1-1-1
1-117-117111-1-11-1-11 1 -1-1-1
1-117111-1-11-1-11 1 -1-1-1-11
1111-1-11-1-11 1-1-1-1-11-11
-117-1-1171-1-1-1-11-11-11 1 1 1

-1 -1-117 1-1-1-1-11-11-11 11 1-1

[00136] Then two matrices Ciexis are concatenated to form a codebook matrix Ciex3s With a

10 code length L of 36:

Ci6x36=[Ci6x18, CP16x15]

Ciexis=

[00137]  CPyexis represents a matrix obtained by rearranging rows of Ciexis. Row arrangement
does not affect a Hamming distance of Ciex13. Therefore, a Hamming distance between any two

rows of elements among the last 10 rows of elements in Cigx1g is 10, and a Hamming distance
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between any two rows of elements among the first six rows of elements is also 10, but a Hamming
distance between any row of elements among the first six rows of elements and any row of
elements among the last 10 rows of elements is 9.

[00138]

mapped to 1, to obtain codewords shown in the following Table 4. It can be understood that a

When CPi6x13 is the same as Ciexis, an element 1 is mapped to 0, and an element —1 is

mapping relationship between elements 1 and —1 in a matrix, and 1 and 0 is not limited in this
embodiment of this application. It can be further understood that, in the following Table 4, a
Hamming distance between any two of the last 10 codewords is 20. This reaches a theoretical
bound in unequal coding in a case in which the code length L is equal to 36. In addition, for all

codewords shown in the following Table 4, a minimum Hamming distance is 18.

Table 4 Example 1 of a codebook with a code length (L) of 36

First PHR information (PHR1)

Data rate LDPC indication Codeword (codeword)

(data rate) (LDPC

(three bits) indication)

(one bit)

000 0 1 00001 101 10011
11011 00O0O01 10110
0O 1 1 1 1 0 1

000 1 0O 001 1001 1001 1 11
o1 010001 T1TO0T1TT1TQO0OTQO01
1 1101 01

001 0 001101 1001T1T1T1F®O
1 010001 10110011
1 1.0 1 010

001 1 o1 1011 0O0T1T1T1T1TQO01
o1 0001101100111
1 01 01 00

010 0 1 1011001 1 11010
1 0001101 1001111
01 01 0 0O




First PHR information (PHR1)

Data rate LDPC indication Codeword (codeword)
(data rate) (LDPC
(three bits) indication)
(one bit)

010 1 1 1001 1 110101 O0O0
o1 111001111 1 0
0 0 0 0 1 1

011 0 1 0011110101000
1 1 0 01 1 1 10 0 1
0 001 10

011 1 o 0111 101O01TUO0TO0TO0O0
1 01001 1 1101 1 0
0 01 1 01

100 0 1110101 0O0O0O0T1TT1SFO0
1 0 01 1.1T01TUG0T1TG0TUG0O0O0
1 011 00

100 1 1 101 01 0O0O0O0OT1T1TO0'1
0O 011101 0T1TTUG0O0O0O01
0O 1 1 0 0 1

101 0 1 010100 0O0T1TT1O0T1'1
011101 01 0O0O0O0T1'1
I 1.0 0 1 1

101 1 0101 0 0O0O0OTT1TTGOT1T1SF@®O0
1 1101 01 00 O0O0 1 0
1 0 01 1 1

110 0 0100 0 01 1 011001
1 1001 000011 1 1
01 1 1 1 0

110 1 0 00011 01 T1TO0O0T1TT1'1
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First PHR information (PHR1)
Data rate LDPC indication Codeword (codeword)
(data rate) (LDPC
(three bits) indication)
(one bit)
1 01000 O0O0T1TTO0OT1TTO0O0
1 1110 10
111 0 1 o1 10011110101
0000101 1O0O0OT1TT1TTT1F®O0
1 010 0 0 O
111 1 0110011 1 101O0T1UO0
0001011 00T1T1TT1T1FO01
01 00 0 01
[00139] For another example, when L=18+14, a 20*20 normalized Hadamard matrix Hyo is as
follows:
1111111111111 1111111
1-1-117 1-1-1-1-11-11-11 11 1-1-11
1-111-1-1-1-11-11-11 11 1-1-11-1
111-1-1-1-117-11-11 11 1-1-11-1-1
11-1-1-1-11-11-11111-1-11-1-11
1-1-1-1-11-11-11111-1-11-1-11 1
1-1-1-11-11-11111-1-11-1-11 1 -1
1-1-11-11-11111-1-11-1-11 1-1-1
1-11-11-117111-1-11-1-11 1 -1-1-1
H20=11_11_11111_1 11-1-11 1 -1-1-1-1
1-11-117111-1-11-1-11 1 -1-1-1-11
11-117111-1-11-1-11 1 -1-1-1-11 -1
1-17117111-1-11-1-11 1 -1-1-1-11-11
11111-1-11-1-111-1-1-1-11-11 -1
1111-1-117-1-11 1-1-1-1-11-11-11
111-1-11-1-11 1-1-1-1-11-11-11 1
11-1-11-1-111-1-1-1-11-11-11 1 1
1-1-11-1-111-1-1-1-11-11-111 1 1
1-11-1-111-1-1-1-11-11-11 1 1 1-1
'11-1-111-1-1-1-11-11-11 1 1 1-1-1
[00140] After the 1% column of Hyo is removed, a matrix Hao+19 is obtained. Any column (for

example, the 1% column herein) is selected from the matrix Hao+19 and is removed, and rows of a
matrix obtained by removing the column are divided into the following two groups based on

positive/negative properties of elements in the removed column:
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11
1 —
1

11
1-1
-11-1
1111-1-11-1-1

1
-1
1

1
-1
-1

1
-1
-1

1

1
1

1
-11 -

1
11-1-117-1-11 1-1-1-1-11-11-11

111-1-11-1-11 1 -1-1-1-11 —
1-1-11-1-111-1-1-1-11-11-11 1
-1-11-1-11 1-1-1-1-11-11-11 1 1
t-1-17171-1-1-1-11-11-11 11 1-1-1

-117111-1-11-1-11 1

1
1

1
1
1
1

1—
1—
11

1

11-1-1-1-11-11-11 11 1-1-11-1
-1-1-11-117-117 11 1-1-11-1-11 1
1-117-117111-1-11-1-11 1 —
1-117111-1-11-1-11 1 —
1111-1-11-1-11 1 -1-1-

-117-1-11 1-1-1-1-11-11 -

-1-11-11-11111-1-11-1-11 1 -
+1-1-111-1-1-1-11-11-11

-111-1-1-1-11-11-111 1 1-1-11
-117-117-117111-1-11-1-11 1 -

18 _
G =

GIBZ

10 rows of elements are selected from G, and any six rows of elements are selected

[00141]
from G (for example, the last six rows of elements are selected from G herein), to form a

codebook matrix Ciex1s with a code length L of 18.

5

4411141414441114
4414114441144111
4141411444114411
4414111114414441
— — — — —
44_1_111_1__141_
— — — — —
14__1_11__1_14_1
TR A N AR AN R
R R IR N R AN AT
4114414111141444
1411441411114444
IR R A NN AN R R AN TN
Ll — — = v - Aol -
[ e Y Y A R IR
1111111111111111
_ [ Y T I _ _
1441414414141141
1114441144144114
4111444144411141
_ _
1,
%
©
&)

Then a 16*16 normalized Hadamard matrix Hi¢ shown below is used:

[00142]
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His=

[N
|
=
|
=
|
=
|
=
=
=

[

R e e
[N
|
=
|
=
|
=
|
=
=
=

1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1
-1 1 -1 -1 1 -1 1 -1 1 -1 1 1 -1 1 -1
1 -1 -1 -1 -1 1 1 -1 -1 1 1 1 1 -1 -1
-1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1

IP—‘D—‘D—‘F—‘P—‘P—‘P—‘D—‘D—‘D—‘D—‘}—‘D—‘D—‘P—“
|
—_
|
-
_
|
[EN
-
[EN
|
[

-
|
-

[00143]

example, the 1% column herein) is selected from the matrix Hie+15 and is removed, and rows of a

After the 1% column of Hje is removed, a matrix Hje+15 is obtained. Any column (for

matrix obtained by removing the column are divided into the following two groups based on
positive/negative properties of elements in the removed column:

[ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1

1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1
gé--1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 1

1 -1 1 -1 1 -1 -1 1
-1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1
1 -1 -1 1 -1 1 -1 1 -1 1 1 -1 1 -1
-1 1 -1 1 1 -1 -1 1 -1 -1 1

—_
—_
I
—_

[00144] Eight rows of elements are selected from G, and eight rows of elements are selected

from G, to form a codebook matrix Cisx14 with a code length L of 14.

Gl4
C16X14:|:GI4:|

[00145] Then Ciexi1g is concatenated with Ciexi4 to form a codebook matrix Ciex32 with a code
length L of 32.

Ci6x32=[Ci6x18, CP16x14]
[00146] CPiex14 is a matrix obtained by rearranging rows of Cjex14. Row arrangement does not

affect a Hamming distance distribution of Cisx14. Herein, CP16x14=Ciex14. Therefore, a Hamming
distance between any two rows of elements among the first eight rows of elements in Ci¢x32 is 18,

a Hamming distance between any two rows of elements among the first 10 rows of elements is 18
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or 17, and a Hamming distance between any two rows of elements among all the 16 rows of
elements is at least 16.

[00147] When CPj6x14 is the same as Ciex14, an element 1 is mapped to 0, and an element —1 is
mapped to 1, to obtain codewords shown in the following Table 5a. It can be understood that a
mapping relationship between elements 1 and —1 in a matrix, and 1 and 0 is not limited in this

embodiment of this application.

Table 5a Example 1 of a codebook with a code length (L) of 32

Value combinations of Codeword (codeword)

the first PHR

information (PHR1)

Combination 1 l1 00111 101O01O0O0O0O0T1°1

Combination 2 oo011110101°U0O0O0O0T1T1SF®0

Combination 3 1110101 0O0O0O0T1TT1TCO0T1

Combination 4 1 101 01 O OOOT1T1TUO0OT1TT1TFPO0

Combination 5 1 o1 0100O0O0T1T1TTGO0T1T1TUO02O0

Combination 6 0101 00O0O0OT1TTUO0OT1TTO0O0'1

Combination 7 o100O0O0OT1T1®01T1®O0O0T1T11

Combination 8 o0 001 1 01T 1T0O0T1TT1T1TT1@M0O0

Combination 9 1 o1 1.0 0 1 1 11 O0T1TUO0OT1TGO0FO

Combination 10 o110 01T 111 0T1TTGO0OT1TUGO0OTUO0OSFO
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Value combinations of Codeword (codeword)

the first PHR

information (PHR1)
o1 10011 0O0T1T1TO0OTUO0OT1T1SF®O0

Combination 11 l1 0 00 01 101 1001111
01011 0T1TO0O0OT1TTG0OT1TT1TG0T1O0

Combination 12 o001 101100111101
o1 10100101 1O01O001

Combination 13 001101 T1TO0O0T1TT1T1TT1TO0OT1DO0
¢l 0010101 1O01O01TO0T10O0

Combination 14 o1 10110011 110101
001 001 1 O0T1TO0OO0OTT1TUO0OO01

Combination 15 1 1 601100111 101O012O0
o001 101 O01O01O00O01O01

Combination 16 11001 1 11 010T1TTUO0O0O0O0
¢! 11010011 0O01O0112O0

[00148] For still another example, when L=22+10, a 24*24 normalized Hadamard matrix Hos

is as follows:
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7

-1-1-117-1-11-11-1-1-1111-11 1-11-1
1-1-1-117-1-11-1-1-1-1-111 1-11 1-11
11-1-1-117-1-11-11-1-1-111 1-11 1-1

1
1

-1-1-117-1-11-111-1-1111-11 1-11-1-1
1

1
1
1

-1

1-11711-1-1-11-1-1-1-11-1-1-11 1 1-11 1

I o B e R B e TR B o R B R R O B T o B o TR B o O B o R B o R o B
| )

Has=

After the 15 column of Ha4 is removed, a matrix Has#23 is obtained. The 1% column of

[00149]

the matrix Ha4x23 is selected, the 15t column of the matrix H4x23 is removed, and rows of a matrix

obtained by removing the column are divided into the following two groups based on

positive/negative properties of elements in the removed column:

5

(1111111111111 111111111
-1-117-1111-1-1-111-1-11-11 1 1-1-1-1
1-1-17-117-1-11-117111-1-1-11-1-11-11
11-1-1-117-1-117-11 11 1-1-1-11-1-11 -1
-11711-1-1-117-1-111-111 1-1-1-11-1-1

-1-17-117-1-11-11111-1-1-11-1-11-11 1

t1111111111-1-1-1-1-1-1-1-1-1-1-1-1

-1-11-1111-1-1-1-1-11 1-11-1-1-11 1 1
-1-17-117-1-11-111-1-1111-11 1-11-1-1
1-1-17-117-1-11-11-1-1-1111-11 1-11-1
11-1-1-11-1-11-1-1-1-1-11 1 1-11 1-11
t-11711-1-1-11-1-1-1-11-1-1-11 1 1-11 1

1

1
-1
1

1
1

1-1-117-11711-1-11-11-1-11-11 1 1-1-1
-117-1-11-1111-1-111-11 1-11-

-117-1-11-1111-11-1-11-1-11-11 1 1-1
-1-1171-1-119-117111-1-1-11-1-11-11 1 1
111-1-1-11-1-111-111 1-1-1-11-1-
1-11711-1-1-11-1-11-11-1-1-11
-117-11711-1-1-11-11 1-11-1-1-

(1-1111-1-1-11-11-11-11 1 1-1-1-11 -1
1-1-11-1111-1-1-11-11 1-11 -

-117-11711-1-1-111-1-11-111 1-1-1-11
+111-1-1-11-1-11-11-1-1-111 1-11 1-1

-1-117-1-11-11711-1111-111-11-

2 _|
G =

GZZ:
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[00150] In this case, a Hamming distance between any two rows of elements in G* is 12, a
Hamming distance between any two rows of elements in G* is also 12, and a Hamming distance
between any row of elements in G and any row of elements in G* is 11.

[00151] Then a 12*12 normalized Hadamard matrix Hi2 shown below is used:

1 1 1 1 1 1 1 1 1 1 1
-1 1 -1 1 1 1 -1 -1 -1 1 -1
-1 -1 1 -1 1 1 1 -1 -1 -1 1
1 -1 -1 1 -1 1 1 1 -1 -1 -1
-1 1 -1 -1 1 -1 1 1 1 -1 -1

Y

Hi=

1 1 1 -1 -1 -1 1 -1 -1 1 -1
-1 1 1 1 -1 -1 -1 1 -1 -1 1
1 -1 1 1 1 -1 -1 -1 1 -1 -1

[00152] After the 1% column of Hi» is removed, a matrix Hio+11 is obtained. Any column (for

i B R R e e e
I
—_
I
—_
I
—_
—_
I
_
I
—_
—_
I
—_
—_
—_
—_

Ay

example, the 1 column herein) is selected from the matrix Hi2#11 and is removed, and rows of a
matrix obtained by removing the column are divided into the following two groups based on
positive/negative properties of elements in the removed column:

11 1 1 1 1 1 1 1 1
-1 -1 1 -1 1 1 1 -1 -1 -1
go|-1 -1 -1 1 -1 -1 1 -1 1 1
117 -1 -1 -1 1 -1 -1 1 -1 1
1 1 -1 -1 -1 1 -1 -1 1 -1
-1 1 1 1 -1 -1 -1 1 -1 -1
1 -1 1 1 1 -1 -1 -1 1 -1
-1 1 -1 1 1 1 -1 -1 -1 1
cof1 -1 -1 1 -1 1 1 1 -1 -1
-1 1 -1 -1 1 -1 1 1 1 -1
-1 -1 1 -1 -1 1 -1 1 1 1
1 1 1 -1 -1 -1 1 -1 -1 1

[00153] In this case, a Hamming distance between any two rows of elements in G is 6, a

Hamming distance between any two rows of elements in G is also 6, and a Hamming distance
between any row of elements in G and any row of elements in G is 5. Then all rows in G

and G are combined to form a codebook matrix Cia2x10 with a code length L of 10.

GlO
CHXIO:IGIZI

[00154] G or G* is concatenated with Ciax19 to form a codebook matrix Ci2x32 with a code
length L of 32.

Ci2x32=[ 6, Ci2x10], or Ci2x32=[ 6, Ci2x10]
[00155] In Ci2x32, a Hamming distance between any two rows of elements among the first six
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rows of elements is 18, a Hamming distance between any two rows of elements among the last six
rows of elements is also 18, and a Hamming distance between any row of elements among the first
six rows of elements and any row of elements among the last six rows of elements is 17.

[00156] For example, G* is concatenated with Cizx10. An element 1 in Ci2x32 is mapped to 0,
and an element —1 is mapped to 1, to obtain codewords shown in the following Table 5b. It can be
understood that a mapping relationship between elements 1 and —1 in a matrix, and 1 and 0 is not

limited in this embodiment of this application.

Table 5b Example 2 of a codebook with a code length (L) of 32

Value combinations of Codeword (codeword)

the first PHR

information (PHR1)

Combination 1 o1 0001 11.0101TG0CT1TGO0F@O0

01 11010O0O0O0O0O0O0OO0OO0U 0O

Combination 2 1 010001 1T1TO0O0T1T1TO0T12O0
oo011101101°U0O0O0T1T11

Combination 3 o1 1 01 0 O0O0OT1T1TTGO0OT1TWUWOTT1TF®O

Combination 4 1 01101 0O0O01O0T1TT1TO0T1

Combination 5 1101101 0O0O0O0T1T1T1O01

Combination 6 0oo0o011T1O01T1TUO0OO0OT1TUO0OO0O01

Combination 7 o1 0001 T1TT1®O0T1T1O0T1TO0T11
1 0001 001 0O0OO0OT1TT1TQO01

Combination 8 1 010001 1T1TO0T1UO0O0T1O01
1100011 01O0O0O01T1TT120

Combination 9 o1 1010O0O0T1TT1T1TWO0OT1TU0°O01
o1 1100O01T1TUO0OT1UO0OO0O0TI1
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Value combinations of Codeword (codeword)

the first PHR

information (PHR1)

Combination 10 1 01101 0O0O0T1TT1TG0TUO0T1TO0TO0
!l 01110101 1O01O00O0 01

Combination 11 ¢1 1011 010O0O0T1TO0O0O0T1O0

0 0 O

00011101 T1TO01®O0T1T1T1TF®O0
0o0100T1O0O0O0OT1T1T1TTQO0OT1T1F@PO0

Combination 12

[00157]

relationship between a data rate (date rate) and a codeword and a mapping relationship between

It can be understood that Table 1 to Table 4 are merely examples, and a mapping

an LDPC indication (LDPC indication) and a codeword in Table 1 to Table 4 are not fixed. It only
needs to be ensured that different combinations of data rates and LDPC indications are mapped to
different codewords, in other words, different values of the first PHR information (PHR1) are
mapped to different codewords.

[00158]

codewords: one or more codewords in Table 1, one or more codewords in Table 2, one or more

For example, the first codeword set may include one or more of the following

codewords in Table 3, one or more codewords in Table 4, one or more codewords in Table 5a, or
one or more codewords in Table 5b.

[00159]
(namely, the PHR1) by using the first codeword set designed in this embodiment of this application,

To better describe beneficial effect of mapping and encoding the first PHR information

the following describes performance of this embodiment of this application by using simulated
packet error rates of the first PHR information (namely, the PHR1) in different coding schemes as
examples. In addition, an advantage of this embodiment of this application in terms of transmission
duration is further described by using an example in which transmission time of the first PHR
information (namely, the PHR1) is calculated.

[00160]

PHRI1 in different coding schemes according to an embodiment of this application. As shown in

For example, FIG. 7 is a diagram of a simulation result of packet error rates of the

FIG. 7, a horizontal coordinate represents a signal-to-noise ratio (signal-to-noise ratio, SNR),
measured in decibel (decibel, dB); and a vertical coordinate represents a packet error rate (packet
error rate, PER) of the first PHR information (namely, the PHR1). It can be understood that, for
precision of illustration, FIG. 7 shows only a part of the simulation result. To be specific, an SNR
range represented by horizontal coordinates is —5 dB to 0, and a packet error rate range represented
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by vertical coordinates is greater than 1073, In FIG. 7, BCC represents a packet error rate in a case
in which convolutional coding is performed on four bits of the PHR1, Equal, L=22 represents a
packet error rate in a case in which the PHR1 is mapped and encoded by using all the codewords
in Table 1, Unequal, L=22 represents a packet error rate in a case in which the PHR1 is mapped
and encoded by using the first 10 codewords (namely, the first codeword set) in Table 1, Equal,
L=26 represents a packet error rate in a case in which the PHR1 is mapped and encoded by using
all the codewords in Table 2, and Unequal, L=26 represents a packet error rate in a case in which
the PHR1 is mapped and encoded by using the first 10 codewords (namely, the first codeword set)
in Table 2.

[00161] It can be learned from FIG. 7 that, with an increase in a codeword length, a packet error
rate of the PHR1 is continuously reduced.

[00162] In addition, transmission duration of the PHRI in a case in which codebooks with

different codeword lengths are used is shown in Table 6.

Table 6
Codeword length Transmission duration of the PHR1 (us)
20 5
22 5.5
26 6.5

[00163] It can be learned from Table 6 that transmission time in a case in which the first PHR
information (namely, the PHR1) is mapped and encoded by using the codebook designed in this
embodiment of this application is shorter than transmission time in the solution 3 (the PHRI is
transmitted at a rate of 0.975 Mbps) of the conventional technology.

[00164] Therefore, in this embodiment of this application, a requirement for demodulation
performance can be met, and transmission duration of the PHR field (mainly the PHR1) can also
be reduced, to achieve a good compromise between the demodulation performance and the
transmission duration of the PHR field (mainly the PHR1).

[00165] This application further provides another implementation of the first codeword set.
[00166] Currently, the PHY payload field supports a total of five data rates. Even if whether the
PHY payload field is encoded by using the LDPC is indicated, only a maximum of 10 values are
needed for indication. In this case, at least 10 (subsequent standard extension is considered)
different codeword sequences may be used to indicate modulation and coding rate information of
a UWB system. A Hamming distance between a codeword sequence corresponding to a low data

rate and another codeword sequence may be large, and a Hamming distance between a codeword
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sequence corresponding to a high data rate and another codeword sequence may be small, so that
performance of a codeword sequence matches a data modulation and coding rate.

[00167] For example, another possible codebook generation manner is as follows:

[00168] When L=16, a 12*12 normalized Hadamard matrix Hi> is as follows:

1 1 1 1 1 1 1 1 1 1 1
-1 1 -1 1 1 1 -1 -1 -1 1 -1
-1 -1 1 -1 1 1 1 -1 -1 -1 1

1 -1 -1 1 -1 1 1 1 -1 -1 -1
-1 1 -1 -1 1 -1 1 1 1 -1 -1

5 Hi=

i i e i e N e S N N e e
I
—_
I
—_
—_
|
—_
|
—_
—_
|
—_
—_
—_
_
|
—_

-1 1 1 -1 -1 -1 1 -1 -1 1
-1 -1

[00169] After the 1% column of Hi; is removed, a matrix Hjzx11 is obtained.

1 1 1 1 1 1 1 1 1 1 17
-1 1 -1 1 1 1 -1 -1 -1 1 -1
-1 -1 1 -1 1 1 1 -1 -1 -1 1
1 -1 -1 1 -1 1 1 1 -1 -1 -1
-1 1 -1 -1 1 -1 1 1 1 -1 -1
-1 -1 1 -1 -1 1 -1 1 1 1 -1

—_
—_
I
—_
—_
—_
—_
I
—_
I
—_
I
—_
—_

Hizx11=

1 1 1 -1 -1 -1 1 -1 -1 1 -1
-1 1 1 1 -1 -1 -1 1 -1 -1 1
L1 -1 1 1 1 -1 -1 -1 1 -1 -1

[00170] Inthis case, a Hamming distance between any two rows of elements in Hizx11 is 6. Then

a matrix Pj2xs is constructed, where the 15t row of elements in Pj2xs are all —1, and all other elements
10 arel:
-1 -1 -1

I
=

Piaxs=

T 1
I—\I—\I—\I—\I—\I—\I—\HI—\I—\»—\L

[ U U U U G
[ U U U U G
S U U U

O i S G T W =Y

[u=y
L

[00171] In this case, in Pi2xs, a Hamming distance between the 1% row of elements and another

row of elements is 5, and a Hamming distance between any two rows of elements other than the
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1% row of elements is 0. Therefore, a codebook matrix with a length of 16 may be constructed:
Ci2x16=[P12x5, Hi2x11]. Ci2x16 may be understood as concatenation of two matrices. Before the
concatenation, rows of the matrix Hizx11 on the right may be rearranged, and a codebook matrix
obtained through concatenation after the rearrangement does not affect Hamming distance
distribution of the original codebook matrix Ciaxis. In the codebook matrix Ciax16, @ Hamming
distance between the 1% row of elements and any other row of elements is 11, and a Hamming
distance between any other two rows of elements is 6.

[00172] An element 1 in the codebook matrix Cizx16 is mapped to 0, and an element —1 is

mapped to 1, to obtain codewords shown in Table 7.

Table 7 Example of a codebook with a code length (L) of 16

Modulation and coding rate Codeword (codeword)

combination (a

combination indicating a

data rate of the PHY

payload field and whether

the PHY payload field is

encoded by using the

LDPC)

Combination 1 1111 100O0O0O0O0O0OO0OTO0OO0OO
Combination 2 000001 O0T1O0O0OO0OT1TTT1TQO0'1
Combination 3 000001 1 O0T1O0OO0OO0OTT1TT1F@O
Combination 4 0 0000O0O0OT1TT1TO0OTO0OO0OOTT1'1
Combination 5 000001017 1O0T1TO0O0TO0T1'1
Combination 6 000001 1 O01T1TO01O0O0O0°T1
Combination 7 000001 T1T1O0T1TT1O0OTTUO0OO0OO
Combination 8 000O0O0O0OT17T1T1O0OT1TT1O01O00O0
Combination 9 00000 O0OOT171T1TO0T1T1TO0OT1TO0
Combination 10 0 000OO0OOOT1TT1TT1TO0OTT1TO0'1
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Modulation and coding rate Codeword (codeword)
combination (a
combination indicating a
data rate of the PHY
payload field and whether

the PHY payload field is

encoded by using the

LDPC)

Combination 11 0600001 O0O0O0OT1TT1TT1TO0OT1TT1FO
Combination 12 0 0000O0O0OT1TO0OO0OOTT1TTO0OT1'1

[00173] When L=18, a 12*12 normalized Hadamard matrix Hj; is shown above. Details are not
described herein again. After the 1% column of Hj; is removed, a matrix Hix11 is obtained. This is
described above, and details are not described herein again. A Hamming distance between any two
rows of elements in Hjz«11 is 6.

[00174] Then a matrix Pi2x7 is constructed, where the 15 row of elements in Py2x7 are all -1, and

all other elements are 1:
-1 -1 -1 -1 -1

I
=

Piox7=

O N Y =
O N Y =
O N Y =

rl—\r—w—w—\up—\r—w—w—\up—\lx
U G QU U U
U U U U U U
U U U U U U

—_
—_
—_

[00175] In this case, in Pi2x7, a Hamming distance between the 1% row of elements and another
row of elements is 7, and a Hamming distance between any two rows of elements other than the
1% row of elements is 0. Therefore, a codebook matrix with a length of 18 may be constructed:
Ci2x18=[P12x7, Hi2x11]. Ci2x13 may be understood as concatenation of two matrices. Before the
concatenation, rows of the matrix Hi2«11 on the right may be rearranged, and a codebook matrix
obtained through concatenation after the rearrangement does not affect Hamming distance
distribution of the original codebook matrix Ciaxis. In the codebook matrix Cioxis, a Hamming
distance between the 1% row of elements and any other row of elements is 13, and a Hamming
distance between any other two rows of elements is 6.
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[00176] An element 1 in the codebook matrix Ciz«1s is mapped to 0, and an element —1 is

mapped to 1, to obtain codewords shown in Table 8.

Table 8 Example 1 of a codebook with a code length (L) of 18

Modulation and coding rate Codeword (codeword)

combination (a

combination indicating a

data rate of the PHY

payload field and whether

the PHY payload field is

encoded by using the

LDPC)

Combination 1 11111 1100O0O0O0O0OO0O0OO0TO0
0

Combination 2 000 O0O0O0OOT1TO0OTTO0OO0OOT1TT1TTFO
1

Combination 3 00000 O0OT1T1TO0OT1TO0OO0OO0OTT1"1
0

Combination 4 0000 OOOO0OT1T1TO0OT1TO0OTO0OTO0OT1
1

Combination 5 0000 0O0OOT1O0TT1TO0OTO0OO0OO01
1

Combination 6 060 000O0OO0OT1 101 1O0T1O0O0O0
1

Combination 7 00 0O00O0OO0OT11T1TO01T1TTO0OT1TO0O0
0

Combination 8 000 0O0O0OOO0OT1TTT1TO0OTT1TTO0OT1TO
0

Combination 9 00 00OOOO0OOTT1TT1TOTI1TT1TO01
0

48



Modulation and coding rate Codeword (codeword)

combination (a

combination indicating a

data rate of the PHY

payload field and whether

the PHY payload field is

encoded by using the

LDPC)

Combination 10 00 00O0OOO0OO0OOT1TT1TTTO0OT1TTFO
1

Combination 11 0000 0O0OOT1O0O0OO0OT1TT1TO0TI1
0

Combination 12 0 000O0OO0OOO0OT1TUO0OO0OO0OTT1TT1TTO01
1

[00177] Alternatively, when L=18, a 16*16 normalized Hadamard matrix Hs is as follows:

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-1 1 -1 1 -11 -1 1 -1 1 -1 1 -1 1 -1
1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1
-1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1
1 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1
-1 1 -1 -1 1 -1 1 1

1 -1 -1 -1 -1 1 1 1

-1 1 -1 1 1 -1 1

1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1
-1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1
1 -1 -1 1 1 -1 -1 -1 -1 1 1 -1 -1 1 1
-1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1
1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1
-1 1 -1 -1 1 -1 1 -1 1 -1 1 1

1 -1 -1 -1 -1 1 1 -1 -1 1 1 1 1 -1 -1
-1 1 -1 1 1 -1 -1 1 1 -1 1

His=

AP R R R R R R R R R R R R R R
|
[N

Uy
I
[

[00178]  After the 1% column of Hie is removed, a matrix Hisxis is obtained.
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1 1 1 1 1 1 1 1 1 1 1 1 1 1
-1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 -1
1 -1 -1 1 1 -1 -1 1 -1 -1 1 1 -1 -1
-1 -1 1 1 -1 -1 1 -1 -1 1 1 -1 -1 1

R R R R R R R R

Hisx15=

1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1
-1 1 -1 -1 1 -1 1 -1 1 -1 1 1 -1 1 -1
1 -1 -1 -1 -1 1 1 -1 -1 1 1 1 1 -1 -1
-1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1/

[00179] Inthis case, a Hamming distance between any two rows of elements in Hiex1s is 8. Then

a matrix Piex3 1s constructed, where the 15 row of elements in Pi6x3 are all -1, and all other elements

are 1:

b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\L
|
=

Pisx3=

b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\L

S U U (U G U U

[00180] In this case, in Piex3, a Hamming distance between the 1% row of elements and another
row of elements is 3, and a Hamming distance between any two rows of elements other than the
1% row of elements is 0. Therefore, a codebook matrix with a length of 18 may be constructed:
Ciex18=[P16x3, Hiex15]. Ciex1s may be understood as concatenation of two matrices. Before the
concatenation, rows of the matrix Hisx15 on the right may be rearranged, and a codebook matrix
obtained through concatenation after the rearrangement does not affect Hamming distance
distribution of the original codebook matrix Ciexis. In the codebook matrix Ciexis, a Hamming
distance between the 1% row of elements and any other row of elements is 11, and a Hamming
distance between any other two rows of elements is 8.

[00181] An element 1 in the codebook matrix Cisx1s is mapped to 0, and an element —1 is

mapped to 1, to obtain codewords shown in Table 9.
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Table 9 Example 2 of a codebook with a code length (L) of 18

Modulation and coding Codeword (codeword)

rate combination (a

combination indicating

a data rate of the PHY

payload field and

whether the PHY

payload field is

encoded by using the

LDPC)

Combination 1 1 1.1.0 0 0 0 O OOUOUOODODODODODO
Combination 2 0O 001 01 01 01O0T1TTO0OT1TTGO0OT1TO01
Combination 3 O 0001 1001 1 0O0T1TT1TUW0WO0OTI1'1
Combination 4 O 001717 001 1 00T1TT1W90WO0OT1TT1ODO
Combination 5 O 0000 O1 1T.1h.00OOT1T1TT1TH1
Combination 6 0O 001 0601 1.0100T1T0T1T1TWO0OT1FDO0
Combination 7 O 0001 1h.N. 0 O OOTT1TT1TT1UO0WO
Combination 8 0O 0011 01 0 01 O0T1TT1TTUO0OT1TTGO0OTUO0:1
Combination 9 O 000000 OO OT1TT1T 1T 1T T1TT1TT11
Combination 10 O 001 01 01 001 101 01Two0T10O0
Combination 11 0o 00 011 00T1TT111TT1TW0O0T1TT1TWO0UDO0
Combination 12 O 001 1001 1 01 0WO0TTTVOTO0O'1
Combination 13 000 00017 11T1T1TT1TT11U0UO0O00O0
Combination 14 O 001 01 1.01 01 0T1TUWO0OWO0OTTO0OT'1
Combination 15 O 0001 1.1 1T..001TT1TUW0OTUGO0OUWO0OOUO0OTI'I1
Combination 16 o 0011 010O0T1T1O0OWO0OT1TOWO0OT1TT1TFD0O0

[00182] When L=20, a 12*12 normalized Hadamard matrix Hi, is shown above. Details are not

described herein again. After the 1 column of Hi, is removed, a matrix Hiax1; is obtained. This is
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described above, and details are not described herein again. A Hamming distance between any two
rows of elements in Hizx1 18 6.
[00183] Then a matrix Pi2x9 is constructed, where the first three rows of P12x9 are repetitions of

the following matrix:

-1 1 -1
Hy=1 -1 -1
-1 -1 1

[00184] To be specific, the first three rows of Pi2x9 are obtained by repeating the matrix Hs three

times:

-1 1 -1 -1 1 -1 -1 1 -1
-1 -1 1 -1 -1 1 -1 -1

—_

1
1
1
1
P12x9 1
1
1
1
1

,
r—w—u—\r—w—w—w—u—\r—\L
r—w—u—\r—w—w—w—u—\r—\L

1
1
1
1
1
1
1
1
1
1

r—\r—\b—\r—\»—\r—\r—\b—\r—\L
r—\H»—\r—\v—w—\H»—\r—\L
r—\Hb—\r—\b—‘r—\Hb—\r—\’L
r—\Hb—\r—\b—‘r—\Hb—\r—\’L

N

1

[00185] In this case, in Pi2x9, a Hamming distance between any row of elements among the first

—_
1

three rows of elements and any other row of elements is 6, and a Hamming distance between any
two rows of elements other than the first three rows of elements is 0. Therefore, a codebook matrix
with a length of 20 may be constructed: Ci2x20=[P12x9, Hi2x11]. Ci2x20 may be understood as
concatenation of two matrices. Before the concatenation, rows of the matrix Hiz«11 on the right
may be rearranged, and a codebook matrix obtained through concatenation after the rearrangement
does not affect Hamming distance distribution of the original codebook matrix Cizx20. In the
codebook matrix Ciax20, a Hamming distance between any row of elements among the first three
rows of elements and any other row of elements is 12, and a Hamming distance between any other
two rows of elements is 6.

[00186] An element 1 in the codebook matrix Ciaxzo is mapped to 0, and an element —1 is

mapped to 1, to obtain codewords shown in Table 10.
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Table 10 Example 1 of a codebook with a code length (L) of 20

Modulation and Codeword (codeword)

coding rate

combination (a

combination

indicating a data rate

of the PHY payload

field and whether the

PHY payload field is

encoded by using the

LDPC)

Combination 1 1 01101 1 01O0O0O0O0OTO0O0
0 0

Combination 2 011011011 1T01O0O00O0
0 1

Combination 3 1 101101 10110100
1 0

Combination 4 00000 O0OOO0OO0OOT1TTO0OT1TFPO
1 1

Combination 5 00000 O0OOO0OO0OTOT1TT1TO0:'1
1 1

Combination 6 00000 O0OOO0OO0OTT1TO0OTT1TFPO
0 1

Combination 7 00000 O0OOO0OO0OT1TT1TTTO0OT1'1
0 0

Combination 8 00000 O0OOO0OO0OOTTI1TT1TO0'1
0 0

Combination 9 00000 O0OOO0OO0OOTOT1TTT1TFO0
1 0

Combination 10 00000 O0OO0OO0OO0OO0OTUO0OO0OT1TTI1T'1
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Modulation and Codeword (codeword)
coding rate
combination (a
combination
indicating a data rate
of the PHY payload
field and whether the
PHY payload field is
encoded by using the
LDPC)

Combination 11 0 000 0O0OO0OO0OO0OTOOOTT1TTO!1

Combination 12 00 0O00O0OO0OO0OO0OO0OT1TUO0OO0OO0OTIT1TT1TFP@O
I 1

[00187] Alternatively, a 16*16 normalized Hadamard matrix Hie is shown above, and details
are not described herein again. After the 1% column of Hs is removed, a matrix Hiex1s is obtained.
This is described above, and details are not described herein again. A Hamming distance between
any two rows of elements in Hiexs is 8.

[00188] Then a matrix Piexs is constructed, where Pigxs is shown below:
-1 -1 -1

I
=

P16xs= (case 1); or

T 1
b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\b—\L

S G QU G QU U G QU
S G QU G QU U G QU
U G QU G G QU G G QU U
O e O o W S Gy S QU G G Y
.
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r1 -1 -1 -1 -—1j
-1 1 -1 1 -1
-1 -1 1 -1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
Piexs= i i i i 1 (case 2)
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
L1 1 1 1 1

[00189] In Pisxs in the case 1, a Hamming distance between the 15 row of elements and another
row of elements is 5, and a Hamming distance between any two rows of elements other than the
1% row of elements is 0. Therefore, a codebook matrix with a length of 20 may be constructed:
Ci6x20=[P16x5, Hisx15]. Cisx20 may be understood as concatenation of two matrices. Before the
concatenation, rows of the matrix Hisx15 on the right may be rearranged, and a codebook matrix
obtained through concatenation after the rearrangement does not affect Hamming distance
distribution of the original codebook matrix Ciex2o. In the codebook matrix Ciex20, @ Hamming
distance between the 1% row of elements and any other row of elements is 13, and a Hamming
distance between any other two rows of elements is 8. An element 1 in the codebook matrix Ciex2o

is mapped to 0, and an element —1 is mapped to 1, to obtain codewords shown in Table 11.

Table 11 Example 2 of a codebook with a code length (L) of 20

Modulation and coding Codeword (codeword)
rate combination (a
combination indicating a
data rate of the PHY
payload field and whether

the PHY payload field is

encoded by using the

LDPC)

Combination 1 1 111100 0O0O0OO0OUOOO0OOO0OO
0 0 0

Combination 2 06000010101 01 01O0T1FP0
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Modulation and coding Codeword (codeword)

rate combination (a

combination indicating a

data rate of the PHY

payload field and whether

the PHY payload field is

encoded by using the

LDPC)
1 0 1

Combination 3 0 000 00O 1 T1TUO0O0T1
0 1 1

Combination 4 0 00OO1 1T O0O0OT1TT1FPO
1 1 0

Combination 5 00000 0 O0OO0OTT1TT1'1
1 11

Combination 6 0000 O0OT1TTO0OT1TT1TTUO0OT1O0
0 1 0

Combination 7 0 00O0OOOT1TT1TT1T1O0O0
1 0 0

Combination 8 0 00O O T1TT1TO0T1TO0OO0'1
0 0 1

Combination 9 0 0O0OOO OO0OO0OO0OTUO0OTUO0ODTF OO
1 1 1

Combination 10 0000 O 1T O0OT1TTUOT1TO0I1
0 1 0

Combination 11 00000 OT1TT1UO0OTUO0OT11
1 0 0

Combination 12 0 00O0OO0OT1T1O0O0OT1TT1FO0
0 0 1
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Modulation and coding Codeword (codeword)

rate combination (a

combination indicating a

data rate of the PHY

payload field and whether

the PHY payload field is

encoded by using the

LDPC)

Combination 13 0O 000O0OO0OO0OO0OT1TT1TT1TT1TT1TT1TT1T1O0
0 0 O

Combination 14 00000101 101O0T1TO0T1TO0FO0
1 0 1

Combination 15 000 O0O0O0OT1TT1T1T1TO0OO0OTT1TTUOUOO
0 1 1

Combination 16 000001 T101O0O0T1T1TTO0OO0OTIO
1 1 0

[00190] In Piexs in the case 2, a Hamming distance between any row of elements among the
first three rows of elements and another row of elements is 3, and a Hamming distance between
any two rows of elements other than the first three rows of elements is 0. Therefore, a codebook
matrix with a length of 20 may be constructed: Cisx20=[P16x5, Hi6x15]. Ci6x20 may be understood as
concatenation of two matrices. Before the concatenation, rows of the matrix Hisx15 on the right
may be rearranged, and a codebook matrix obtained through concatenation after the rearrangement
does not affect Hamming distance distribution of the original codebook matrix Ciex2o. In the
codebook matrix Cisx20, a Hamming distance between any row of elements among the first three
rows of elements and any other row of elements is 11, and a Hamming distance between any other
two rows of elements is 8. An element 1 in the codebook matrix Ciex20 1s mapped to 0, and an

element —1 is mapped to 1, to obtain codewords shown in Table 12.
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Table 12 Example 3 of a codebook with a code length (L) of 20

Modulation and Codeword (codeword)

coding rate

combination (a

combination

indicating a data rate

of the PHY payload

field and whether the

PHY payload field is

encoded by using the

LDPC)

Combination 1 o1 11 100O0O0O0OO0OO0OO0OTO0OO0
0 0

Combination 2 1 o101 1010T1TTO0T1TO0OT1O0
0 1

Combination 3 1 101 001 1 0O0T11O0 01
1 1

Combination 4 00000 T1TT1TO0OO0OT1TT1TO0TUO0OT1'1
1 0

Combination 5 0 0000O0O0OOOT1TTT1TT1TTO0OTUO0ODO0
1 1

Combination 6 0 000O0T1TTO0OT1TT1TO0OT1TO0OO0OT1DO0
1 0

Combination 7 00000 O0OT1TT1TT1TTO0OUO0OTUO0OO0'1
0 0

Combination 8 0000011 01O0O0OT1TTO0OT11
0 1

Combination 9 0 000OO0OO0OOO0OO0OOOOTI T1T1
1 1

Combination 10 0000 O0T1TO0OT1TO0OT1TO0OTT1TO0'1
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Modulation and Codeword (codeword)

coding rate

combination (a

combination

indicating a data rate

of the PHY payload

field and whether the

PHY payload field is

encoded by using the

LDPC)
1 0

Combination 11 o0 00O0OO0OT17T1O0O0T1TT1TT1TT1TO0TO01
0 0

Combination 12 000001 T1TO0O0OTT1OTO0OO0OTI1
0 1

Combination 13 0 000O0O0O0OO0O1 1T 1T 1 T1T1T1T1F®0
0 0

Combination 14 060000101 101O0T1TO0T1TO0TO0
0 1

Combination 15 00 0O0O0O0OT1T11T1TO0O0OTT1TO0OUOO
1 1

Combination 16 000001 T1HO0T1O0OO0OT1TTTO0OO0OTO
1 0

[00191] Alternatively, a 20*20 normalized Hadamard matrix Hyo shown below is used:
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1t 1 1 1 1 1 1 1 1 1 1 1
-1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1

1 1 1 1 1
1 1 -1 -1 1

Hoo=

1 1 1 -1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1
1 1 -1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1
1 -1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1
-1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1
-1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 -1
1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 -1 -1

e e e S O o Y Sy S
[y
|
[uny
[E=N
|
[u=y
[uny
[uny
=y
[y
|
[uny
|
-
o=y
|
[uny
|
-
[u=y
[u=y
|
[uny
|
-
|
[u=y
|
[uny

[

[00192] After the 1% column of Hyg is removed, a matrix Hzo+19 is obtained. It is assumed that
the 15t column of Hao+19 is selected, and when the 15t column of Ha+19 is removed, all rows are
divided into the following two groups based on positive/negative properties of the 15 column of

elements in Hoo*19:

[ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 -1 -1 -1 -1 1 -1 1 -1 1

-1 -1 -1 -1 1 -1 1 -1 1 1

-1 1 -1 1 1 1 1 -1 -1 1

ge—|{—1 1 1 1 1 -1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1
1 1 1 -1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1
1 1 -1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1
1 -1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1
-1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1
—1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1

1

1
—1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1

1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1

-1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1
-1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 -1 -1 1 1 -1
ge—f—-1 1 -1 1 -1 1 1 1 1 -1 -1 1 -1 -1 1 1 -1 -1
1 -1 1 -1 1 1 1 1 -1 -1 1 -1 -1 1 1 -1 -1 -1
1 -1 1 1 1 1 -1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1
1 1 1 1 -1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1
-1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1
-1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1

[00193] In this case, a Hamming distance between any two rows of elements in G is 10, a
Hamming distance between any two rows of elements in G” is also 10, and a Hamming distance
between any row of elements in G and any row of elements in G* is 9.

[00194] Then a matrix Piox2 is constructed, where Piox2 is shown below:
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Pioxo=

b—\r—u—\r—\»—\v—\r—x»—\r—\L
[
'I_‘HHHHHH'_H—H—]X

[00195] Therefore, a codebook matrix with a length of 20 may be constructed: Ciox20=[P10x2,
G ]. Ciox20 may be understood as concatenation of two matrices. Before the concatenation, rows
of the matrix G on the right may be rearranged, and a codebook matrix obtained through
concatenation after the rearrangement does not affect Hamming distance distribution of the
original codebook matrix Ciox20. In the codebook matrix Ciox20, a Hamming distance between any
row of elements among the first two rows of elements and any other row of elements is 11, and a
Hamming distance between any other two rows of elements is 10.

[00196] An element 1 in the codebook matrix Ciox20 is mapped to 0, and an element —1 is

mapped to 1, to obtain codewords shown in Table 13.

Table 13 Example 4 of a codebook with a code length (L) of 20

Modulation and Codeword (codeword)
coding rate
combination (a
combination
indicating a data rate
of the PHY payload
field and whether the
PHY payload field is
encoded by using the
LDPC)

Combination 1 1 110 01 11101 01T0UO0UO0 01

Combination 2 01 o001 111 O0T1TTGOT1UWO0OUOT OUGOTII1

Combination 3 oo0o111010T1TQO0O0O0OO0OT1TT1TGO0TI1
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Modulation and Codeword (codeword)

coding rate

combination (a

combination

indicating a data rate

of the PHY payload

field and whether the

PHY payload field is

encoded by using the

LDPC)
0 0

Combination 4 060110101 00O0O0T1T1TO0LT1T1FP0
0 1

Combination 5 00101 010O0O0OO0OT1TTO0OT1TTO0O0
1 1

Combination 6 0001 010O0O0OO0O0OT1T1TO0OT1TT1TO0OTQO01
1 1

Combination 7 o0 0100001 101100111
1 0

Combination 8 00 000O0O1 1011001 T1TT1T1D0
1 0

Combination 9 oo01011001T1TT1TT1TO0OT1O0OTTO0O0
0 0

Combination 10 00011001711 101O01O0O0O0
0 1

[00197] It can be understood that Table 7 to Table 13 are merely examples, and a mapping
relationship between a modulation and coding rate combination and a codeword in Table 7 to Table
13 is not fixed, as long as it is ensured that different combinations of data rates and LDPC
indications are mapped to different codewords.

[00198] For example, the first codeword set may include one or more of the following
codewords: one or more codewords in Table 7 to Table 13.
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[00199] It can be understood that negation of one or more columns of elements (for example,
the element negation herein means that an element 1 is changed to an element 0, and an element 0
is changed to an element 1), row rearrangement, column rearrangement, or another operation in
all or some of the codeword sequences in Table 7 to Table 13 does not affect Hamming distance
distribution, and all the cases fall within the protection scope of this application.

[00200] This application further provides still another implementation of the first codeword set.
[00201] For example, currently, the PHY payload field supports a total of five data rates. Even
if whether the PHY payload field is encoded by using the LDPC is indicated, only a maximum of
10 values are needed for indication. In this case, at least 10 (subsequent standard extension is
considered) different codeword sequences may be used to indicate modulation and coding rate
information of a UWB system. A Hamming distance between a codeword sequence corresponding
to a low data rate and another codeword sequence may be large, and a Hamming distance between
a codeword sequence corresponding to a high data rate and another codeword sequence may be
small, so that performance of a codeword sequence matches a data modulation and coding rate.
[00202] It can be understood that, in an extended binary Golay code (extended binary Golay
code) with a code rate of 0.5 and a length of 24, a Hamming distance between any two codewords
is at least 8. Therefore, in this application, a sequence set (namely, a codebook) may be designed
based on the extended binary Golay code with a code rate of 0.5 and a length of 24, to ensure a
Hamming distance between codewords in the sequence set (namely, the codebook).

[00203] For example, a generator matrix G of the extended binary Golay code with a code rate

of 0.5 and a length of 24 is as follows:

1 0 000 O0OO0OO0OO0OOOO1TO0OOI1TMI1T11100 0 1
0o100O0OO0OO0O0OO0OOOOOOT1TO0OO11TI1TI1T1T1T010O0
o 010000000 00001001 111101
0 001 00O0OO0OOODO0ODOOT11TO0OOTI1IO0OOTI11T11110
o 0o o061 00O0OO0OO0OO0OO0O01T1O0O01O0O011101
G= o 000 >or 00 0O00O0O01T1T 1001001 110O0
0 0000O0O010O0O0OO0ODO0ODCTTT1T110O01001°01
o 00 000010000111 1100100 10O0
o 00000 0O01O0O0O0OO0OI1T1111O0O01O001
o 0o o000 00 00100001 1111001 10O0
o 0o o000 00 0O0O01TO0O0O0O1TO0I1O01TO01O0111
0 0 0 00OOOOOOOI11T1O01HO0101010 1 1
[00204] An extended binary Golay code ¢ may be obtained by multiplying any binary

information bit sequence S with a length of 12 (namely, a binary vector with one row and 12
columns) by the generator matrix G (herein, binary multiplication is performed, and a
multiplication result is in a binary form including 0 and 1): ¢ = sG.

[00205] It can be understood that different extended binary Golay codes ¢ may be generated

by using different binary information bit sequences S. One extended binary Golay code ¢ serves
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as one codeword sequence. Because an information bit length is 12, 21=4096 different codeword
sequences may be constructed. According to a coding theory, the extended binary Golay code with
a code rate of 0.5 and a length of 24 may be shortened (shorting). To be specific, some information
bits and check bits corresponding to the information bits may be removed. This corresponds to
reducing a quantity of dimensions of the generator matrix G, and this operation (namely, the
shortening operation) does not reduce a Hamming distance between codewords.

[00206] Therefore, the extended binary Golay code with a code rate of 0.5 and a length of 24
may be shortened by k bits. In this case, a generator matrix of a shortened extended binary Golay
code may be expressed as follows: Gshor=G((k+1):12, (k+1):24). The generator matrix Gghort
includes the (k+1)™ row to the 12" row and the (k+1)™ column to the 24™ column in the generator
matrix G. It can be understood that 2(1>*%) codeword sequences may be constructed based on the
generator matrix Gghort.

[00207] For example, a possible codebook generation manner is as follows:

[00208] When the code length L=18, the extended binary Golay code with a code rate of 0.5
and a length of 24 may be shortened by five bits, to obtain 128 codeword sequences with a length
of 19. Any bit in the 128 codeword sequences is deleted, for example, the 1% bit in the 128
codeword sequences is deleted, to obtain 128 codeword sequences with a length of 18. Then a
codeword sequence including twelve 1s is selected from the 128 codeword sequences with a length
of 18. There are a total of 18 codeword sequences including twelve 1s, and there is also an all-0

codeword sequence, so that 19 codewords shown in the following Table 14 can be obtained.

Table 14 Example 3 of a codebook with a code length (L) of 18

Modulation and coding Codeword (codeword)
rate combination (a
combination indicating a
data rate of the PHY
payload field and whether

the PHY payload field is

encoded by using the

LDPC)

Combination 1 00 00OOO0OOOTOOTOTOOTO0OTO0OO0OTGO0OO0
Combination 2 1 1100001 1 101 1T11T1T1P0
Combination 3 0111001 0T1TT1T1O0OT1T1TT1TT1O01
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Modulation and coding Codeword (codeword)

rate combination (a

combination indicating a

data rate of the PHY

payload field and whether

the PHY payload field is

encoded by using the

LDPC)

Combination 4 1 o1 0101 10T1TT1O0T1TT1TT1TFW0T1:1
Combination 5 1 o11101110O01O0T1T1T1TO01
Combination 6 o1 111011 101T1T1TTO0OT1TTO0T1F®O0
Combination 7 1 111100 0O0T1TT1T1O0OO0OT1T1TT1:1
Combination 8 111001 1 1 0T1T11O01O0T1T 01
Combination 9 o1 010101101101 1111
Combination 10 1 101 011 00T1TT1T1TT1TT1O0OT1FPO0
Combination 11 1 11101 1 1 100O0T1TT1O0O0T1:'1
Combination 12 00001111 11111111200
Combination 13 1 1001 11 11101001011
Combination 14 6110110111 10T1T0O0T11:1
Combination 15 1 o011 1001 1TO0O0T1TT1T1TT1:1
Combination 16 1 101 111 1001O0T1TTO0OT1TT1O0'1
Combination 17 oo0o11111o01T1TT1T1®O0T1O0O0T1:1
Combination 18 1 o1111010O011T1TT1TQO0OTTT1F®O0
Combination 19 1 11111101 1T01T1TTUO0OO0OT1TO0O0

[00209] Among the 19 codewords shown in Table 14, a Hamming distance between the 1%

codeword (to be specific, a codeword in which all elements are 0) and another codeword is 12,
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and a Hamming distance between any two codewords other than the 1% codeword is at least 8.
[00210] In some scenarios, the 1% codeword (to be specific, the codeword in which all the
elements are 0) in Table 14 may indicate a low rate, and other codewords indicate a high rate. In
some scenarios, a transmit end may select a corresponding codeword sequence based on a load
rate, map the selected codeword sequence to 1 and —1, and then send a codeword sequence
obtained through mapping. For example, an element 0 is mapped to an element 1, and an element
1 is mapped to an element —1. Certainly, an element 0 may alternatively be mapped to an element
—1, and an element 1 is mapped to an element 0. This is not limited in this embodiment of this
application.

[00211] It can be understood that Table 14 is merely an example, and a mapping relationship
between a modulation and coding rate combination and a codeword in Table 14 is not fixed. It only
needs to be ensured that different combinations of data rates and LDPC indications are mapped to
different codewords.

[00212] For example, the first codeword set may include one or more of the following
codewords: one or more codewords in Table 14. During actual application, only some of the
codewords in Table 14 may be used, in other words, some of the codewords in Table 14 may be
reserved.

[00213] It can be understood that negation of one or more columns of elements (for example,
the element negation herein means that an element 1 is changed to an element 0, and an element 0
is changed to an element 1), row rearrangement, column rearrangement, or another operation in
all the codewords in Table 14 does not affect Hamming distance distribution, and all the cases fall
within the protection scope of this application.

[00214] This application further provides still another implementation of the first codeword set.
[00215] For example, currently, the PHY payload field supports a total of five data rates. Even
if whether the PHY payload field is encoded by using the LDPC is indicated, only a maximum of
10 values are needed for indication. In this case, at least 10 (subsequent standard extension is
considered) different codeword sequences may be used to indicate modulation and coding rate
information of a UWB system. A Hamming distance between a codeword sequence corresponding
to a low data rate and another codeword sequence may be large, and a Hamming distance between
a codeword sequence corresponding to a high data rate and another codeword sequence may be
small, so that performance of a codeword sequence matches a data modulation and coding rate.
[00216] For example, a possible codebook generation manner is as follows:

[00217] When the code length L=18, the code length may be split into two parts: L=12+6. A
codebook with a code length of 12 and a codebook with a code length of 6 are separately designed,

and the designed two codebooks are concatenated to form a codebook with a code length of 18.
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[00218] 12 sequences are selected from sequences that have a length of 12 and that include five
1s and seven Os, where a Hamming distance between any two of the 12 sequences is at least 6. For

example, a codebook matrix Py with a code length of 12 is as follows:

110 0 0 1 1 00 O0 01
0 01100101010
10 001 0111000
01010 O0O0O0O0OT1TT11
0 01 110010001
P— 1000 01 010110
101 00 O0O0OO0OT1TT1O0I1
0 001 11100100
0101 010110060
1110100 0O0O0T1O0
0 00011001011
‘0 110 0 01 1 0100

5 [00219] A Hamming distance between any two rows of elements in the codebook matrix P,
with a code length of 12 is at least 6.
[00220] For example, a codebook matrix P, with a code length of 6 is as follows:

10000 0
10000 0
0100 0 0
01000 0
00100 0

p0 0 1 0 00
00010 0
00010 0
0000 10
0000 10
00000 1
0o 0 0 0 0 U

[00221] Then the codebook matrix P; with a code length of 12 is concatenated with the
10 codebook matrix P, with a code length of 6 to obtain a sequence set [P1, P»] with a code length of
18. A Hamming distance between any two sequences in the sequence set [P, P2] is 8 or 10. In
addition, a Hamming distance between an all-1 sequence (to be specific, all 18 elements are 1) and
any sequence in the sequence set [P, P2] is 12, and a Hamming distance between a sequence [012,
ls] (to be specific, a sequence including 12 elements 0 and six elements 1) and any sequence in
15  the sequence set [Py, P2] is 10. Therefore, the two sequences (that is, the all-1 sequence and the
sequence [012, 16]) and the sequence set [P, P2] with a code length of 18 may be used as a codebook,

to obtain 14 codewords shown in the following Table 15.
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Table 15 Example 4 of a codebook with a code length (L) of 18

Modulation and coding Codeword (codeword)

rate combination (a

combination indicating a

data rate of the PHY

payload field and

whether the PHY

payload field is encoded

by using the LDPC)

Combination 1 11111111 1111111111
Combination 2 0O 0000O0OOO0OO0OOOOTTTI1TT1TT1:1
Combination 3 !l 100011 00O0O0T1T1TTUO0O0OO0TO0O0
Combination 4 o o01100101O0T1TTO0OT1TO0OTO0OO0OO0OO
Combination 5 1 0001 0T1T11O0O0O0OO0OT1TTO0OO0TO0O0
Combination 6 o1 01000O0O0OT1T1TT1TO0TTO0O0OO0O0
Combination 7 o o011100T1O0O0OO0OT1TO0O0OT1TQ0TO0OFO
Combination 8 1 00 001O01O0TT1UO0OO0OO0OT1TO0TO0O0
Combination 9 1 0o1000O0O0O01T1TTO0T1TO0UO0O0OTTO0O0
Combination 10 0600111 100T1O0OTO00O0OO0OO0OT1TO0OFO0
Combination 11 o1 01010T1TT1TO0O0OO0O0O0OO0OO0O0OT1TO
Combination 12 1 1101 00O0O0O0OT1UO0O0O0OO0OO0OT1TO0
Combination 13 00001100101 1O0O0O0O0O01
Combination 14 0110001 1TO0T1TO0O0O0O0OO0O0TO01

[00222] Among the 14 codewords shown in Table 15, a Hamming distance between the 1%
codeword (to be specific, a codeword in which all elements are 1) and another codeword is 12, a
Hamming distance between the 2" codeword (to be specific, a codeword in which all the first 12

elements are 0 and all the last six elements are 1) and another codeword is 10, and a Hamming
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distance between any two codewords other than the 1% codeword and the 2" codeword is at least
8.

[00223] In some scenarios, the 1% codeword (to be specific, the codeword in which all the
elements are 1) and the 2" codeword (to be specific, the codeword in which all the first 12 elements
are 0 and all the last six elements are 1) in Table 15 may indicate a low rate, and other codewords
indicate a high rate. In some scenarios, a transmit end may select a corresponding codeword
sequence based on a load rate, map the selected codeword sequence to 1 and —1, and then send a
codeword sequence obtained through mapping. For example, an element 0 is mapped to an element
1, and an element 1 is mapped to an element —1. Certainly, an element 0 may alternatively be
mapped to an element —1, and an element 1 is mapped to an element 0. This is not limited in this
embodiment of this application.

[00224] 1t can be understood that Table 15 is merely an example, and a mapping relationship
between a modulation and coding rate combination and a codeword in Table 15 is not fixed. It only
needs to be ensured that different combinations of data rates and LDPC indications are mapped to
different codewords.

[00225] For example, the first codeword set may include one or more of the following
codewords: one or more codewords in Table 15. During actual application, only some of the
codewords in Table 15 may be used, in other words, some of the codewords in Table 15 may be
reserved.

[00226] It can be understood that negation of one or more columns of elements (for example,
the element negation herein means that an element 1 is changed to an element 0, and an element 0
is changed to an element 1), row rearrangement, column rearrangement, or another operation in
all the codewords in Table 15 does not affect Hamming distance distribution, and all the cases fall
within the protection scope of this application.

[00227] FIG. 8 is another schematic flowchart of an ultra-wideband-based signal transmission
method according to an embodiment of this application. As shown in FIG. 8, the ultra-wideband-
based signal transmission method includes but is not limited to the following steps.

[00228] S201: A first communication apparatus generates a PPDU, where the PPDU includes a
PHR field and a PHY payload field, the PHR field includes first PHR information, and the first
PHR information indicates a data rate of the PHY payload field.

[00229] S202: The first communication apparatus sends a signal, where the signal is generated
based on the PPDU, the signal includes a signal generated based on a codeword obtained by
encoding the first PHR information, and the codeword includes a codeword, in a first codeword
set, that corresponds to the first PHR information.

[00230] Correspondingly, a second communication apparatus receives the signal.
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[00231] S203: The second communication apparatus decodes the signal to obtain the first PHR
information.

[00232] Optionally, the PPDU may be a PPDU used in a UWB WPAN standard, for example,
a PPDU in the 802.15.4ab protocol.

[00233] Optionally, the PPDU may include but is not limited to the PHR field and the PHY
payload field. The PHR field may include the first PHR information and second PHR information.
The first PHR information may indicate the data rate of the PHY payload field. The second PHR
information may indicate whether the PHY payload field is encoded by using a first coding scheme,
and a length of the PHY payload field, and optionally, further indicates one or more of the
following: whether the PPDU is used for sensing measurement, or a CRC code.

[00234] For example, the first PHR information in this embodiment of this application may be
understood as three bits, in a PHR1, that indicate the data rate of the PHY payload field; and the
second PHR information may be understood as a PHR2 and one bit, in the PHR1, that indicates
whether the PHY payload field is encoded by using the first coding scheme. To be specific, the
first PHR information has a total of three bits that indicate the data rate of the PHY payload field;
and the second PHR information has a total of 24 bits, where one bit indicates whether the PHY
payload field is encoded by using the first coding scheme, 12 bits indicate the length of the PHY
payload field, one bit indicates whether the PPDU is used for sensing measurement, two bits are
reserved, and eight bits indicate the CRC code.

[00235] For example, the first coding scheme may be any one of the following: LDPC, a
convolutional code, a polar (Polar) code, a turbo (Turbo) code, and the like. This is not limited in
this embodiment of this application. For ease of description, an example in which the first coding
scheme is the LDPC is used for description. Certainly, with development of a standard, the LDPC
below may alternatively be replaced with any coding scheme (for example, the convolutional code,
the polar code, or the turbo code) specified in a future standard.

[00236] Optionally, the first communication apparatus may encode the generated PPDU, and
then may modulate a codeword obtained through encoding into a UWB impulse (namely, a signal)
and send the UWB impulse. Correspondingly, after receiving the signal (namely, the UWB
impulse), the second communication apparatus demodulates the signal to obtain the codeword
obtained by encoding the PPDU, and then decodes, based on the first codeword set, the codeword
obtained by encoding the first PHR information, to obtain the first PHR information. The first
codeword set may be predefined, pre-negotiated-upon, preconfigured, or the like. The encoding
herein may include the convolutional code, the LDPC, a specific codebook, a repetition code, or
the like. It can be understood that different fields in the PPDU may be encoded by using different
coding schemes. For example, the PHY payload field in the PPDU is encoded by using the LDPC
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or the convolutional code, and an SFD field is mapped and encoded by using the codebook. For
another example, the first PHR information in the PPDU is mapped and encoded by using the
codebook, and the second PHR information is encoded by using the convolutional code.

[00237] Therefore, the signal may be generated based on the PPDU. In this case, the signal
includes at least the signal generated based on the codeword obtained by encoding the first PHR
information, and the codeword may include a codeword, in the first codeword set, to which the
first PHR information is mapped. In some scenarios, a Hamming distance between any two
codewords in the first codeword set is greater than or equal to a theoretical minimum Hamming
distance bound (bound) of the first codeword set. For example, if the first codeword set has a total
of M codewords and a length of each codeword is L, a Hamming distance d between any two
codewords in the first codeword set may meet the foregoing formula (1-1) or the foregoing formula
(1-2). For another example, M is less than or equal to 2X.

[00238] Optionally, the length L of the codeword in the first codeword set may be an even
quantity of bits, and may be further greater than or equal to 2¥ bits, where K is the bit length of
the first PHR information. For example, K is equal to 3. For another example, the length L of the
codeword is any one of the following: 20 bits, 22 bits, 24 bits, 26 bits, 28 bits, 30 bits, 32 bits, 34
bits, 36 bits, 38 bits, or 40 bits.

[00239] Optionally, the codeword in the first codeword set may be generated based on a 2K-
order (8*8 herein when K is 3) Hadamard (Hadamard) matrix. For a manner of generating the first
codeword set and specific content of the codeword, refer to the following descriptions. Details are
not described herein.

[00240] In this embodiment of this application, a new codeword set (namely, a codebook) is
designed, and the first PHR information is mapped and encoded by using a codeword in the
codeword set. A minimum Hamming distance in the codeword set may reach a theoretical bound,
so that coding performance of the PHR field (mainly the first PHR information) can be improved.
[00241] The following describes in detail a design idea of the first codeword set in this
embodiment of this application, and describes, by using examples, the first codeword set provided
in this embodiment of this application and a manner of generating the first codeword set.

[00242] In this embodiment of this application, one bit indicating whether the PHY payload
field is encoded by using the LDPC is placed in the PHR2. In this case, the first PHR information
in this embodiment of this application has a total of three bits. In addition, in this embodiment of
this application, because the PHY payload field currently supports a total of five data rates, at least
five values are needed in the first PHR information (three bits) to indicate the data rate of the PHY
payload field. Correspondingly, at least five codewords are needed for mapping and encoding the

first PHR information.
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[00243] It can be understood that coding performance is related to a minimum Hamming
distance between codewords. A larger minimum Hamming distance between codewords indicates
a greater difference between different codewords, better coding performance, and a higher
probability of correct decoding.

[00244] When the first PHR information is three bits, if mappings between all values of the
three bits and codewords are considered, there are a total of eight codewords. When the code length

is L, a bound of a theoretical minimum Hamming distance between the eight codewords is as

SL|_| 4L
28-1)| | 7 |’

[00245] If only five codewords are considered, when the code length is L, a bound of a

follows:

theoretical minimum Hamming distance between the five codewords is as follows:

5

5 |-

[00246] FIG. 9 is another diagram of theoretical minimum Hamming distance bounds at
different code lengths according to an embodiment of this application. As shown in FIG. 9, a
horizontal coordinate represents a code length (code length), and a vertical coordinate represents
a theoretical minimum Hamming distance bound (minimum Hamming distance bound). It can be
understood that, for precision of illustration, FIG. 9 shows only theoretical minimum Hamming
distance bounds for some of code lengths. To be specific, a code length range represented by
horizontal coordinates is 20 bits to 40 bits. In FIG. 9, Equal (equal) represents equal coding, and
Unequal (unequal) represents unequal coding. The equal coding is a case in which 8 codewords
are considered. The unequal coding is a case in which only 5 codewords are considered.

[00247] It can be learned from FIG. 9 that, when the first PHR information is three bits, at
different code lengths, a case in which only five codewords (unequal coding) are considered has a
specific advantage in terms of a theoretical minimum Hamming distance compared with a case in
which eight codewords (equal coding) are considered.

[00248] Examples are used below to describe how to design the first codeword set, to make a
Hamming distance between any two codewords in the first codeword set be greater than or equal
to a theoretical minimum Hamming distance bound of the first codeword set.

[00249] For example, a possible codebook generation manner is as follows:

[00250] It is assumed that K represents the bit length of the first PHR information, where in this
embodiment of this application, K is equal to 3; L represents the length of the codeword, where
L>2K; and a quantity of codewords included in the first codeword set is 2.

[00251] When L=7n+m (both n and m are positive integers), the first codeword set may be

generated based on an 8*8 normalized Hadamard matrix Hs.
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1111111
1-11-11-11-1
11-1-11 1-1-1
He= 1-1-11 1-1-11
1111-1-1-1-1
1-11-1-11-11
11-1-1-1-11 1
1-1-11-11 1-1

[00252] Because the 1% column of elements in Hg are all 1, the elements have no contribution
to a Hamming distance between different rows. The 1% column of elements in Hg may be removed
to obtain the following matrix Hgx7).

1111111
-11-11-11-1
1-1-11 1-1-1
-1-11 1-1-11
111-1-1-1-1
-11-1-11-11
1-1-1-1-11 1

-1-11-11 1-1

[00253] Then it can be learned, based on characteristics of the Hadamard matrix, that a

Hsx7)=

Hamming distance between any two rows of elements in Hsx7) is as follows: (8/2)=4.

[00254] If m=0, L=7n. The matrix Hx7) may be repeated n times to obtain n matrices Hgx7).
Then rows of the n matrices H(gx7) may be separately rearranged (or an arrangement process may
be skipped), and then the n matrices Hsx7) are arranged side by side based on rows to obtain a

matrix Cgx7n.

C8><7n:[H(8><7), Hspi7 5 seey Hspx":ll]
[00255] Hsz<7 represents a matrix obtained by rearranging rows of Hsx7). A same expression in

the following descriptions indicates a same meaning, and details are not described below again. A
Hamming distance between any two rows of elements in Hx7) is 4, and n times of repetitions and
row rearrangement of Hx7) do not affect a Hamming distance in each Hx7). Therefore, a
Hamming distance between any two rows of elements in Cgx7, is 4n. Then elements 1 and —1 in
Csx7n are mapped to 0 and 1 respectively, to obtain a codebook with a code length of 7n. It can be
understood that a mapping relationship between elements 1 and —1 in a matrix, and 1 and 0 is not
limited in this embodiment of this application.

[00256] For example, when L=28, a codebook with a code length of 28 is shown in the
following Table 16. A Hamming distance between any two codewords in the following Table 16
is 16. Optionally, the first codeword set may include all or some of codewords in the following

Table 16.
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Table 16 Example of a codebook with a code length (L) of 28

Value of the Codeword (codeword)

first PHR

information

(three bits)

000 0O 000 0O O0OO0OO0OO0OO0OO0OTO0OTO0ODTO0OTUO0OTUO0OTO0OO0OTO0O°TO

0 0000 O OO

001 !l o101011010T1TSQO0T1TTUO0T1TTUO0OT1FO0

010 o1 1r0o01TT1S®O0OT1T1®W0OO0OT1T1TO0T1TTQO0O01

011 11001101 T1TO0O0T1TT1TUO0OT1TT1TUO0O0T1:1

100 060011 1100O0T1T1T1T1TTQO0OO0OO0OT1T1'1

101 !l o110101011®O01°O0T1TQO0T1TO01

110 o11r1r1o00o01TT1T1T1S®O0OO0OO0OT1T1TT1T1F®©O

111 !l 1010011 1010O0T1T1TT1TGO0OT1TQO0FO0
1 1101 0 0 1

[00257] If m=1, 2, 5 or 6 and L=7n+m, the matrix Hsx7y may be repeated n times to obtain n

matrices Hsx7). Then rows of the n matrices Hsx7) may be separately rearranged (or an arrangement

process may be skipped). Then the n matrices Hsx7) are arranged side by side based on rows, any

m columns are selected from Hx7) to form a matrix Hsxm), and Hgxm) and a matrix obtained

through n times of repetitions are arranged side by side based on rows to obtain a matrix Csx(7n+m).
Cgx(nmy=[H(gx7), Her, ..., Hew, Higxm]

[00258] HP

axy Trepresents a matrix obtained by rearranging rows of Hgx7). When m is 1, 2, 5,

and 6, minimum Hamming distances between different rows of elements in the matrix Hsxm) are
0, 0, 2, and 3 respectively. When m is equal to 1 or 2, a minimum Hamming distance between

different rows of elements in Cgx(7n+m) is 4n. When m is equal to 5, a minimum Hamming distance
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between different rows of elements in Cgx7n+m) 1S 4n+2. When m is equal to 6, a minimum
Hamming distance between different rows of elements in Cgx(7n+m) 18 4n+3. Then elements 1 and
—1 in Cgx(7n+m) are mapped to 0 and 1 respectively, to obtain a codebook with a code length L of
7n+m. It can be understood that a mapping relationship between elements 1 and —1 in a matrix,
and 1 and 0 is not limited in this embodiment of this application.

[00259] For example, when L=22, a codebook with a code length of 22 is shown in the
following Table 17. A minimum Hamming distance between eight codewords in the following
Table 17 is 12. Optionally, the first codeword set may include all or some of codewords in the

following Table 17.

Table 17 Example 2 of a codebook with a code length (L) of 22

Value of the Codeword (codeword)

first PHR

information

(three bits)

000 O 000 O0OO0OO0OO0OO0OO0OO0OO0OTO0OTO0OTUO0OTU0OTGO0OO0OTO0O°TO0
0 0

001 1 o1ro01ro011o0101011TO01°U0T1F@®0
1 1

010 o1 1ro0o0110110O01T1TUO0OT1T1TO0°O01
1 0

011 1 1001101 10O01T1TO0OT1T1TUO0OO0T1'1
0 1

100 oo0o0111100O0T1T1T1T1TTGO0OO0OO0T1T1'1
1 0

101 1 011010101 101O01O0T1T1°O01
0 1

110 o1 1r1r100011T1T1O0OO0O0OT1TT1TT1TT1F®O0
0 0

111 1 1010011101001 T1T1TO0OT1TQO0SFO0
I 1
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[00260] For another example, when L=26, a codebook with a code length of 26 is shown in the
following Table 18. A minimum Hamming distance between eight codewords in the following
Table 18 is 14. Optionally, the first codeword set may include all or some of codewords in the

following Table 18.

Table 18 Example 2 of a codebook with a code length (L) of 26

Value of the Codeword (codeword)
first PHR
information

(three bits)

000 o 0000O0OOO0OOTOO0OOO0OO0OUOO0OO0OO0OOQ 0O

001 !l o101011010T1TSQO0T1TTO0OT1TTUO0OT1FO0

010 o1 1r0o01TT1FUO0OT1T1OW0OO0OI1T1TO0T1TTQO0O01

011 !l 1001101 T1TO0O0T1TT1TUO0OT1TT1TU0UO0T1'1

100 oo0o011110001T1T1T1TG0SO0OO0T1T11

101 !l o110101011®O01°S0T1TTQO0T1T1O01

110 o11r11o0o0o01TT1T1T1S®O0O0OO0OT1T1TT1T1F®©O

111 1 101001 1101O0O0T1T1TTUO0T1TO0TO0

[00261] For still another example, when L=30, a codebook with a code length of 30 is shown
in the following Table 19. A minimum Hamming distance between eight codewords in the
following Table 19 is 16. Optionally, the first codeword set may include all or some of codewords

in the following Table 19.
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Table 19 Example 2 of a codebook with a code length (L) of 30

Value of the Codeword (codeword)

first PHR

information

(three bits)

000 0O 000 0 O0OO0OO0OO0OO0OO0OO0OTO0DTO0OTO0OTO0OTGO0OTO0OT®O0O°TO0

0 0000 O0O0OTO0OO0OTP O

001 !l o101011010T1TO0T1TT1TTO0OT1TTO0OT1F@O0

010 o1 1001TT1TO0OT1TT1TWO0OO0O1T1TO0T1TTQO0O01

011 11001101 T1O0O0T1TT1SUO0T1TT1TU0UO0T1'1

100 060011 1100O0T1T1T1T1TTQO0OO0OO0OT1T1'1

101 !l o110101011®O01°S0T1TTQO0T1TO01

110 o11r1r1o00o01TT1T1T1SQO0OO0OO0OT1T1TT1T1F®@O

111 1 101001 1101O0O01T1TTO0T1TO0DO0

[00262] For still another example, when L=34, a codebook with a code length of 34 is shown
in the following Table 20. A minimum Hamming distance between eight codewords in the
following Table 20 is 19. Optionally, the first codeword set may include all or some of codewords

in the following Table 20.

77



Table 20 Example of a codebook with a code length (L) of 34

Value of the Codeword (codeword)

first PHR

information

(three bits)

000 0O 000 0O O0OO0OO0OO0OO0OO0OTO0ODTO0ODTO0OTO0OTUO0OTO0OO0OTO0O°TO

0 0000 O0OOO0OO0OO0OTO0OUO0OTQ 0O

001 !l o101011010T1TO0T1TT1TTO0OT1TTO0OT1F@O0

010 o1 1001TT1TO0OT1TT1TWO0OO0O1T1TO0T1TTQO0O01

011 11001101 T1O0O0T1TT1SUO0T1TT1TU0UO0T1'1

100 06001111 00O0T1T1TT1T1TTQO0OO0OO0OT1T1'1

101 !l o110101011®O01°S0T1TTQO0T1TO01

110 o11r11000T1TT1T1T1TTQO00O0OO0OT1T1TT1T1F®@O

111 1 101001 11010O01T1TTO0T1TO0UO0

[00263] For still another example, when L=36, a codebook with a code length of 36 is shown
in the following Table 21. A minimum Hamming distance between eight codewords in the
following Table 21 is 20. Optionally, the first codeword set may include all or some of codewords

in the following Table 21.
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Table 21 Example 2 of a codebook with a code length (L) of 36

Value of the Codeword (codeword)

first PHR

information

(three bits)

000 0O 000 0O O0OO0OO0OO0OO0OO0OTO0ODTO0ODTO0OTO0OTUO0OTO0OO0OTO0O°TO

0 0000 O0OOO0OOOTO0OUO0OO0OTO0OTO0OTO

001 !l o101011010T1TSQO0T1T1TTQO0T1TTUO0OT1F®0

010 o1 1r0o01TT1FWO0OT1T1®WO0OO0OT1T1TO0T1TTQO0O01

011 11001101 T1TO0O0T1TT1TUO0OT1TT1TU0UO0T1:1

100 060011 1100O0T1T1T1T1TTQO0OO0OO0OT1T1'1

101 !l o110101011®O01°O0T1TQO0T1TO01

110 o11r1r1o00o01TT1T1T1SQO0OO0OO0OT1T1TT1T1F®@O

111 !l 1010011 101O0O0T1T1TT1TGO0OT1TQO0FO0
!1 1101001 11O01O0O0T11

[00264] For still another example, when L=40, a codebook with a code length of 40 is shown
in the following Table 22. A minimum Hamming distance between eight codewords in the
following Table 22 is 22. Optionally, the first codeword set may include all or some of codewords

in the following Table 22.
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Table 22 Example of a codebook with a code length (L) of 40

Value of the Codeword (codeword)
first PHR

information

(three bits)

000 0O 000 0O O0OO0OO0OO0OO0OO0OTO0ODTO0ODTO0OTO0OTUO0OTO0OO0OTO0O°TO
O 000 O0OO0OO0OO0OO0OO0OO0OO0OTO0ODTUO0OO0OO0OO0OO0OTO0O°O0

001 1 010101 1010T1TTQO0T1T1TTQO0OT1TTUO0OT1F@O0
1 1010101101010 1T1TUO0OT1O0'1

010 o1r1ro0o011011001T1TU0T1T1TO0°O01
!l 0110011011001 T1TTO0OT1TT1TTUO0OFO0

011 1 10011011001 T1TO0T1T1TO0OTO0T1'1
o1 1ro0o011011001T1TU0T1T1TO0°O01

100 o 00111 100O0O0T1TT1TT1TT1TTQO0OO0OO0OT1TT1'1
1 0001111 0O0O0T1TT1T1T1TQO0OTO0O0T1'1

101 !l o1101010110T1SO0T1TTUO0OT1TO01
o1 01101 01TO01T1TTQO0OT1TO0OT1TO0T1TT1FPO0

110 o111 100011T1T1O0OO0O0OT1TTTTDO0
00111 100O0O1T1TT1TT1UO0OO0OO0OTTI1TT1'1

111 11010011 1010O0T1T1TT1TO0OT1TTQO0O0
11101001 T1T10T1TTUO0OO0OT1TT1T1TO0OT1FDO0

[00265] If m=3 and L=7n+3, a 12*12 normalized Hadamard matrix H;> is selected.

Hi=

5  [00266]

11111111111
-117-1111-1-1-11 -1
-1-11-111 1-1- 1
1-1-11-11 1 1
1-1-11-11 1 1
1-1-11-111 1
1-1-11-11 11
11-1-11-11 1
1-11-1-11-11
1-1-1-11-1-11 -1
1 1-1-1-11-1-11
1171 1-1-1-11-1-1

1
1-1
-1-1-1
-1-1
-1

-1
-1-
-1-

(RGN

Uy
I

Then the 1% column of elements in H12 are removed, to obtain a 12*11 matrix Hiz#11.
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Then any column is selected from the matrix Hiz+11 and removed. It is assumed that the 1% column
of the matrix Hjo+; is selected. When the 15t column of the matrix Hiz#1; is removed, rows of a
matrix obtained by removing the column are divided into the following two groups based on

positive/negative properties of elements in the removed column:

(1111111111
-1-11-111 1-1-1-1
60— -1-1-11-1-11-11 1
1-1-1-11-1-11-11
11-1-1-11-1-11-1
-11 1 1-1-1-11 —-1-1

(1-111 1-1-1-11-1
-11-1111-1-1-11
ol 1-1-11-11 1 1-1-1
-11-1-11-11 1 1-1
-1-11-1-11-11 1 1
11 1-1-1-11-1-11

[00267] In this case, a Hamming distance between any two rows of elements in G is 6, a

Hamming distance between any two rows of elements in G is also 6, and a Hamming distance
between any row of elements in G’ and any row of elements in G” is 5. Any q rows are selected
from G, and any 8—q (for example, q is equal to 2 herein) rows are selected from G”, to form a

matrix Cgxio.

1 1-1-1-11-1-11 -1
-1111-1-1-11-1-1
1-1111-1-1-11-1
-11-1111-1-1-11
1-1-11-111 1-1-1
-11-1-11-11 1 1-1
-1-11-1-11-111 1

-1 11-1-1-11-1-11

[00268] Then the matrix Hx7) is repeated n—1 times to obtain n—1 matrices Hx7). Then rows

Csx10=

of the n—1 Hsx7) may be separately rearranged (or an arrangement process may be skipped). Then
the matrix Cgxio and a matrix obtained by repeating Hsx7) n—1 times are arranged side by side
based on rows to obtain a matrix Cgx(7n+3).
Csx(m3=[H(gx7), Hsir, ..., He, Csxi0)]

[00269] Hgi7 represents a matrix obtained by rearranging rows of Hx7). In this case, a
Hamming distance between any two rows of elements in Cgx7n+3) is as follows: 4(n—1)+5=4n+1,
or 4(n—1)+6=4n+2. Therefore, a minimum Hamming distance between different rows of elements
in Csgx(7n+3) 1s 4n+1. Then elements 1 and —1 in Cgx7a+3) are mapped to 0 and 1 respectively, to
obtain a codebook with a code length L of 7n+3. It can be understood that a mapping relationship
between elements 1 and —1 in a matrix, and 1 and O is not limited in this embodiment of this

application.
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[00270] For example, when L=24, a codebook with a code length of 24 is shown in the
following Table 23. A minimum Hamming distance between eight codewords in the following
Table 23 is 13. Optionally, the first codeword set may include all or some of codewords in the

following Table 23.

Table 23 Example of a codebook with a code length (L) of 24

Value of the Codeword (codeword)

first PHR

information

(three bits)

000 0O 0000 O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OTTTO
I 1 0 1

001 1 010101101 01¢011TU0TO0O0T1'1
I 0 1 1

010 o1 1ro0o011011O001T1TUO0T1TO0O0O01
1 1 0 1

011 1 10011011001 T1TQO0T1TO0T1TGO0OTQO0TO0
I 1T 1 0

100 o o0o0111100O0T1T1T1T1TSTU0OT1TT1TTQO0OT1DO0
0 0 1 1

101 1 o1 10101011010 1°O01T1°O0'1
0 0 0 1

110 o11r1r100011T1T1O0OO0T1TT1TTO0OTTTO0
1 0 0 O

111 1 101001 1 101O0O0OT1TUO0O0O0T1T1:'1
0O 1 1 0

[00271] For example, when L=38, a codebook with a code length of 38 is shown in the
following Table 24. A minimum Hamming distance between eight codewords in the following
Table 24 is 21. Optionally, the first codeword set may include all or some of codewords in the

following Table 24.

82



10

Table 24 Example of a codebook with a code length (L) of 38

Value of the Codeword (codeword)

first PHR

information

(three bits)

000 O 0 000OOO O O O O0OODODODODODODODODO
0O 0 00OOO OO0 O0 OT1TT1TT1TO0OTTTVOF'1

001 1 0010101 1 01O0O0OT1TO0OT1TT1TTGOT1TTGO0OT1TSFW0O0
1 101 01 01 1 0 O0OT1T1TT1TTMWOTI1'1

010 O 1 10 01 1 01 1 0O0OT1TT1TOWOT1TTTOWOTFWOF'1
1 011001 1 0T1W0WO0OO0OT1TT1T1TPW0:1

011 1 1.0 01 1 01 1 0 O0OT1T1WOT1TTTUWOTWOT1'1
o1 1.0 01 1 01 01 0WOOT1TT1TT1TSFW0O

100 0o 001 11 100O0OT1T1TT1T1TWO0OTWO0OTUO0OT1TTI11
1 0 001 1171011 01 00U0T11

101 1 01101 01HO0T1T1OWO0OT1WO0OT1TGOT1TT1FQ0:1
o1 o1 1 010T1WOT1T1TTUO0OTTUO0OTO0OOUO0O'1

110 o1 111 0 0 O0OT1T1T1TTTUOOOTT1TTI1TT1TSFP@O
o 01 1 11 0O0T1T1TO0OT1TT1TUWOT1TTGOOU OO

111 1 101 001 11 01O0O0O0OT1T1TT1TOT1TQO0OSD0O0
1 1101 0 061 00 O 1 T1T1TTGOT1TT1TFPO

[00272] In addition, when L=7n+3, a codebook may alternatively be generated by using the

following method. The matrix Hgx7) is repeated n times to obtain n matrices Hgx7). Then rows of
the n matrices Hsx7) may be separately rearranged (or an arrangement process may be skipped).
Then the n matrices Hsx7) are arranged side by side based on rows, and any three columns other
than the following seven combinations are selected from Hgx7) to form a matrix Hgx3):
combinations of columns that are not to be selected={1, 2, 3; 1,4, 5;1,6,7;2,4,6;2,5,7, 3, 4,
7; 3,5, 6}. Then the matrix Hsx3) and a matrix obtained by repeating the matrix Hs«7) n times are
arranged side by side based on rows to obtain a matrix Cgx(7n+3).

Csx(m+3=[Hgx7), Her, ..., Het, Hxs)
[00273] H!:

gxy Tepresents a matrix obtained by rearranging rows of Hsx7). Finally, elements 1
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and —1 in Cgx(7n+3) are mapped to 0 and 1 respectively, to obtain a codebook with a code length L
of 7n+3. Specific codebooks are not listed one by one herein. It can be understood that a mapping
relationship between elements 1 and —1 in a matrix, and 1 and 0 is not limited in this embodiment
of this application.

[00274] If m=4 and L=7n+4, a 12*12 normalized Hadamard matrix Hi, is selected. This is
described above, and details are not described herein again. Then the 1% column of elements in
H12 are removed, to obtain a 12*11 matrix Hj2#11. Then any eight rows, for example, the 5" to the
12" rows, are selected from the matrix Hio+;; to obtain an 8*11 matrix Hg« ;. In this case, a
Hamming distance between any two rows of elements in the matrix Hg+11 is 6.

—-11-1-11-11 1 1-1-1
-1-11-1-11-11 1 1-1
-1-1-11-1-11-11 1 1
1-1-1-11-1-11-11 1
11-1-1-11-1-11-11
111-1-1-11-1-11 -1
-11711-1-1-11-1-11

+1-1111-1-1-11-1-1

[00275] Then the matrix Hs«7) is repeated n—1 times to obtain n—1 matrices Hsx7). Then rows

Hs+11=

of the n—1 Hsx7) may be separately rearranged (or an arrangement process may be skipped). Then
the matrix Hgx11 and a matrix obtained by repeating Hsx7) n—1 times are arranged side by side
based on rows to obtain a matrix Cgx(7n+4).

Csx(mta=[Hx7), Her, ..., He, Hxan)]

[00276] H§i7 represents a matrix obtained by rearranging rows of Hx7). In this case, a

Hamming distance between any two rows of elements in Cgxn+4) is as follows: 4(n—1)+6=4n+2.
Therefore, a minimum Hamming distance between different rows of elements in Cgx(7n+4) 1S 4n+2.
Then elements 1 and —1 in Csx(7n+4) are mapped to 0 and 1 respectively, to obtain a codebook with
a code length L of 7n+4. It can be understood that a mapping relationship between elements 1 and
—1 in a matrix, and 1 and 0 is not limited in this embodiment of this application.

[00277] For example, when L=32, a codebook with a code length of 32 is shown in the
following Table 25. A minimum Hamming distance between eight codewords in the following
Table 25 is 18. Optionally, the first codeword set may include all or some of codewords in the

following Table 25.
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Table 25 Example 3 of a codebook with a code length (L) of 32

Value of the Codeword (codeword)

first PHR

information

(three bits)

000 0O 000 0O O0OO0OO0OO0OO0OO0OO0OTO0OTO0ODSO0OTO0OTO0OTO0OT®O0OO

010110100 O0T11

001 !l o101011010T1TO0T1TT1TTO0OT1TTO0OT1F@O0

010 o1 1001TT1TO0OT1TT1TWO0OO0O1T1TO0T1TTQO0O01

011 11001101 T1O0O0T1TT1SUO0T1TT1TU0UO0T1'1

100 06001111 00O0T1T1TT1T1TTQO0OO0OO0OT1T1'1

101 !l o110101011®O01°S0T1TTQO0T1TO01

110 o11r11000T1TT1T1T1TTQO00O0OO0OT1T1TT1T1F®@O

111 !l 1010011 101O0O0T1T1T1TGO0T1TQO00DO0
1 01 00 01 11 0 11

[00278] In addition, when L=7nt4, a codebook may alternatively be generated by using the
following method. The matrix Hgx7) is repeated n times to obtain n matrices Hgx7). Then rows of
the n matrices Hsx7) may be separately rearranged (or an arrangement process may be skipped).
Then the n matrices Hx7) are arranged side by side based on rows, and any four columns are
selected from Hsx7) to form a matrix Hsx4). The four columns are any one of the following seven
combinations: combinations of columns that may be selected={1, 2,4, 7;1,2,5,6;1,3,4,6; 1, 3,
5,7;2,3,4,5;2,3,6,7;4,5, 6, 7}. Then the matrix Hs«4) and a matrix obtained by repeating the

matrix Hsx7) n times are arranged side by side based on rows to obtain a matrix Cgx(7n+4).

Csx(m+4=[Hsx7), Hgls, ..., Het, Hsx4)]
[00279] HZ;’f<7 represents a matrix obtained by rearranging rows of Hgx7). Finally, elements 1
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and —1 in Cgx(7n+4) are mapped to 0 and 1 respectively, to obtain a codebook with a code length L
of 7n+4. It can be understood that a mapping relationship between elements 1 and —1 in a matrix,
and 1 and 0 is not limited in this embodiment of this application.

[00280] For example, when L=32, Hsx7) is duplicated four times, and the 1%, the 2", the 4,
and the 7™ columns are selected from Hs«7), to form a codebook with a code length of 32 in the
following Table 26. A minimum Hamming distance between eight codewords in the following
Table 26 is 18. Optionally, the first codeword set may include all or some of codewords in the

following Table 26.

Table 26 Example 4 of a codebook with a code length (L) of 32

Value of the Codeword (codeword)

first PHR

information

(three bits)

000 0O 000 0O O0OO0OO0OO0OO0OO0OO0OTO0OTO0ODSO0OTO0OTO0OTO0OT®O0OO

0 0000 0 O0OO0OO0OTO0OTUO0ODO

001 !l o1ro01o0110101¢01T1TG0T1T®O0T1SF®O0

010 o1r1001101100T1T1TG0T1T1TQO0O01

011 !l 1001101 T1TO0O0T1TT1TUO0OT1TT1TU0UO0T1'1

100 oo0o01111ro0o0o0011T1TT1TQG0®O0OO0T1T11

101 !l o110101011®O01°S0T1TTQO0T1TO01

110 o11r11000T1TT1T1T1TTQO00O0OO0OT1T1TT1T1F®@O

111 !l 1010011 101O0O0T1T1T1TGO0OT1TQO00O0

[00281] It can be understood that Table 16 to Table 26 are merely examples, and a mapping
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relationship between different values of the first PHR information and codewords in Table 16 to
Table 26 is not fixed. It only needs to be ensured that different values of the first PHR information
are mapped to different codewords.

[00282] It can be understood that, in the foregoing codebook generation manners, different
codebooks may be constructed by using different Hadamard matrices, but minimum Hamming
distances of the codebooks remain the same. It can be further understood that another codebook
may be obtained by performing column rearrangement, row rearrangement, entire-column element
negation (the element negation means that an element —1 is changed to an element 1, and an
element 1 is changed to an element —1), or another operation on any codebook in Table 16 to Table
26. The another codebook and the codebook have same Hamming distance distribution.

[00283] For more intuitive understanding of minimum Hamming distances between codewords
in codebooks (namely, the first codeword set) with different code lengths that are designed in this
embodiment of this application, the following provides descriptions by using a diagram. FIG. 10
is a diagram of minimum Hamming distances at different code lengths according to an
embodiment of this application. As shown in FIG. 10, a horizontal coordinate represents a code
length (code length), and a vertical coordinate represents a minimum Hamming distance
(minimum Hamming distance). It can be understood that, for precision of illustration, FIG. 10
shows only minimum Hamming distances for some of code lengths. To be specific, a code length
range represented by horizontal coordinates is 20 bits to 40 bits.

[00284] It can be learned from comparison and analysis of FIG. 9 and FIG. 10 that, for an even
value with a code length ranging from 20 to 40, a minimum Hamming distance between codewords
designed at a code length other than 30 may reach a theoretical minimum Hamming distance bound,
to ensure a minimum bit error rate and improve coding performance.

[00285] Therefore, in this embodiment of this application, a Hamming distance between
codewords is increased to improve coding performance.

[00286] The foregoing content describes in detail the method provided in this application. To
facilitate implementation of the foregoing solutions in embodiments of this application,
embodiments of this application further provide a corresponding apparatus or device.

[00287] Inthis application, a communication apparatus is divided into functional modules based
on the method embodiments. For example, the functional modules may be divided based on
functions, or two or more functions may be integrated into one processing module. The integrated
module may be implemented in a form of hardware, or may be implemented in a form of a software
functional module. It should be noted that, in this application, division into the modules is an
example and is merely logical function division. During actual implementation, another division

manner may be used. The following describes in detail a communication apparatus in
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embodiments of this application with reference to FIG. 11 to FIG. 13.

[00288] FIG. 11 is a diagram of a structure of a communication apparatus according to an
embodiment of this application. As shown in FIG. 11, the communication apparatus includes a
transceiver unit 10 and a processing unit 20.

[00289] Insome embodiments of this application, the communication apparatus may be the first
communication apparatus shown above or a chip in the first communication apparatus. To be
specific, the communication apparatus shown in FIG. 11 may be configured to perform the steps,
the functions, or the like performed by the first communication apparatus in the foregoing method
embodiments.

[00290] The processing unit 20 is configured to generate a PPDU, where the PPDU includes a
PHR field and a PHY payload field, the PHR field includes first PHR information, and the first
PHR information indicates a data rate of the PHY payload field. The transceiver unit 10 is
configured to send a signal, where the signal is generated based on the PPDU, the signal includes
a signal generated based on a codeword obtained by encoding the first PHR information, and the
codeword includes a codeword, in a first codeword set, that corresponds to the first PHR
information.

[00291] For specific descriptions of the PPDU, the first PHR information, the first codeword
set, and the like, refer to the foregoing method embodiments. Details are not described herein again.
[00292] It can be understood that the specific descriptions of the transceiver unit and the
processing unit in this embodiment of this application are merely an example. For specific
functions, steps, or the like performed by the transceiver unit and the processing unit, refer to the
foregoing method embodiments. Details are not described herein again. For example, the
transceiver unit 10 may be configured to perform step S102 shown in FIG. 5 or step S202 shown
in FIG. 8, and the processing unit 20 may be configured to perform step S101 shown in FIG. 5 or
step S201 shown in FIG. 8.

[00293] Still refer to FIG. 11. In some other embodiments of this application, the
communication apparatus may be the second communication apparatus shown above or a chip in
the second communication apparatus. To be specific, the communication apparatus shown in FIG.
11 may be configured to perform the steps, the functions, or the like performed by the second
communication apparatus in the foregoing method embodiments.

[00294] The transceiver unit 10 is configured to receive a signal, where the signal is generated
based on a PPDU, the PPDU includes a PHR field and a PHY payload field, the PHR field includes
first PHR information, the signal includes a signal generated based on a codeword obtained by
encoding the first PHR information, and the codeword includes a codeword, in a first codeword

set, that corresponds to the first PHR information. The processing unit 20 is configured to decode
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the signal to obtain the first PHR information, where the first PHR information indicates a data
rate of the PHY payload field.

[00295] For specific descriptions of the PPDU, the first PHR information, the first codeword
set, and the like, refer to the foregoing method embodiments. Details are not described herein again.
[00296] It can be understood that the specific descriptions of the transceiver unit and the
processing unit in this embodiment of this application are merely an example. For specific
functions, steps, or the like performed by the transceiver unit and the processing unit, refer to the
foregoing method embodiments. Details are not described herein again. For example, the
transceiver unit 10 may be configured to receive a signal, and the processing unit 20 may be
configured to perform step S103 shown in FIG. 5 or step S203 shown in FIG. 8.

[00297] The foregoing describes the communication apparatus in embodiments of this
application. The following describes a possible product form of the communication apparatus. It
should be understood that a product in any form that has a function of the communication apparatus
in FIG. 11 falls within the protection scope of embodiments of this application. It should be further
understood that the following descriptions are merely examples, and a product form of the
communication apparatus in embodiments of this application is not limited thereto.

[00298] In a possible implementation, in the communication apparatus shown in FIG. 11, the
processing unit 20 may be one or more processors, and the transceiver unit 10 may be a transceiver,
or the transceiver unit 10 may be a sending unit and a receiving unit. The sending unit may be a
transmitter, and the receiving unit may be a receiver. The sending unit and the receiving unit are
integrated into one component, for example, a transceiver. In embodiments of this application, the
processor and the transceiver may be coupled, or the like. A manner of connection between the
processor and the transceiver is not limited in embodiments of this application. In a process of
performing the foregoing method, a process of sending information (for example, sending a signal)
in the foregoing method may be understood as a process of outputting the information by the
processor. When outputting the information, the processor outputs the information to the
transceiver, so that the transceiver transmits the information. After the information is output by the
processor, other processing may further need to be performed on the information before processed
information arrives at the transceiver. Similarly, a process of receiving information (for example,
receiving a signal) in the foregoing method may be understood as a process of receiving the input
information by the processor. When the processor receives the input information, the transceiver
receives the information, and inputs the information to the processor. Further, after the transceiver
receives the information, other processing may need to be performed on the information before
processed information is input to the processor.

[00299] FIG. 12 is a diagram of another structure of a communication apparatus according to
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an embodiment of this application. The communication apparatus may be a first communication
apparatus, a second communication apparatus, or a chip in the first communication apparatus or
the second communication apparatus. FIG. 12 shows only main components of the communication
apparatus. In addition to a processor 1001 and a transceiver 1002, the communication apparatus
may further include a memory 1003 and an input/output apparatus (not shown in the figure).
[00300] The processor 1001 is mainly configured to process a communication protocol and
communication data, control the entire communication apparatus, execute a software program, and
process data of the software program. The memory 1003 is mainly configured to store the software
program and data. The transceiver 1002 may include a control circuit and an antenna. For example,
the control circuit is mainly configured to perform conversion between a baseband signal and a
radio frequency signal, and process the radio frequency signal. The antenna is mainly configured
to receive or send a radio frequency signal in a form of an electromagnetic wave. The input/output
apparatus, for example, a touchscreen, a display, or a keyboard, is mainly configured to receive
data input by a user and output data to the user.

[00301] After the communication apparatus is powered on, the processor 1001 may read the
software program in the memory 1003, interpret and execute instructions of the software program,
and process data of the software program. When data needs to be sent wirelessly, the processor
1001 performs baseband processing on the to-be-sent data, and then outputs a baseband signal to
the radio frequency circuit. The radio frequency circuit performs radio frequency processing on
the baseband signal, and then sends a radio frequency signal in a form of an electromagnetic wave
through the antenna. When data is sent to the communication apparatus, the radio frequency circuit
receives the radio frequency signal through the antenna, converts the radio frequency signal into a
baseband signal, and outputs the baseband signal to the processor 1001. The processor 1001
converts the baseband signal into data and processes the data.

[00302] In another implementation, the radio frequency circuit and the antenna may be disposed
independently of the processor that performs baseband processing. For example, in a distributed
scenario, the radio frequency circuit and the antenna may be remotely disposed independently of
the communication apparatus.

[00303] The processor 1001, the transceiver 1002, and the memory 1003 may be connected
through a communication bus.

[00304] In a design, the communication apparatus may be configured to perform the functions
of the first communication apparatus in Embodiment 1. The processor 1001 may be configured to
perform step S101 in FIG. 5 and/or another process of the technology described in this
specification. The transceiver 1002 may be configured to perform step S102 in FIG. 5 and/or

another process of the technology described in this specification.
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[00305] In another design, the communication apparatus may be configured to perform the
functions of the second communication apparatus in Embodiment 1. The processor 1001 may be
configured to perform step S103 in FIG. 5 and/or another process of the technology described in
this specification. The transceiver 1002 may be configured to receive a signal sent in step S102 in
FIG. 5, and/or perform another process of the technology described in this specification.

[00306] In a design, the communication apparatus may be configured to perform the functions
of the first communication apparatus in Embodiment 2. The processor 1001 may be configured to
perform step S201 in FIG. 8 and/or another process of the technology described in this
specification. The transceiver 1002 may be configured to perform step S202 in FIG. 8 and/or
another process of the technology described in this specification.

[00307] In another design, the communication apparatus may be configured to perform the
functions of the second communication apparatus in Embodiment 2. The processor 1001 may be
configured to perform step S203 in FIG. 8 and/or another process of the technology described in
this specification. The transceiver 1002 may be configured to receive a signal sent in step S202 in
FIG. 8, and/or perform another process of the technology described in this specification.

[00308] In any one of the foregoing designs, the processor 1001 may include a transceiver for
implementing sending and receiving functions. For example, the transceiver may be a transceiver
circuit, an interface, or an interface circuit. The transceiver circuit, the interface, or the interface
circuit for implementing the sending and receiving functions may be separated, or may be
integrated together. The transceiver circuit, the interface, or the interface circuit may be configured
to read and write code or data. Alternatively, the transceiver circuit, the interface, or the interface
circuit may be configured to transmit or transfer a signal.

[00309] In any one of the foregoing designs, the processor 1001 may store instructions. The
instructions may be a computer program. The computer program is run on the processor 1001, to
enable the communication apparatus to perform the method described in the foregoing method
embodiments. The computer program may be fixed in the processor 1001. In this case, the
processor 1001 may be implemented by hardware.

[00310] In an implementation, the communication apparatus may include a circuit. The circuit
may implement the sending, receiving, or communication function in the foregoing method
embodiments. The processor and the transceiver described in this application may be implemented
on an integrated circuit (integrated circuit, IC), an analog IC, a radio frequency integrated circuit
(radio frequency integrated circuit, RFIC), a mixed-signal IC, an application-specific integrated
circuit (application-specific integrated circuit, ASIC), a printed circuit board (printed circuit board,
PCB), an electronic device, or the like. The processor and the transceiver may alternatively be

manufactured by using various IC technologies, for example, a complementary metal-oxide-
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semiconductor (complementary metal-oxide-semiconductor, CMOS), an N-channel metal-oxide-
semiconductor (N-channel metal-oxide-semiconductor, NMOS), a P-channel metal-oxide-
semiconductor (positive-channel metal-oxide-semiconductor, PMOS), a bipolar junction transistor
(bipolar junction transistor, BJT), a bipolar CMOS (BiCMOS), silicon germanium (SiGe), and
gallium arsenide (GaAs).

[00311] A scope of the communication apparatus described in this application is not limited
thereto, and the structure of the communication apparatus may not be limited by FIG. 12. The
communication apparatus may be an independent device, or may be a part of a large device. For
example, the communication apparatus may be:

(1) an independent integrated circuit IC, a chip, or a chip system or subsystem,;

(2) a set including one or more ICs, where optionally, the set of ICs may alternatively
include a storage component for storing data and a computer program;

(3) an ASIC, for example, a modem (Modem);

(4) a module that can be embedded in another device;

(5) a receiver, a terminal, an intelligent terminal, a cellular phone, a wireless device, a
handheld device, a mobile unit, a vehicle-mounted device, a network device, a cloud device, an
artificial intelligence device, or the like; or

(6) others.

[00312] In another possible implementation, in the communication apparatus shown in FIG. 11,
the processing unit 20 may be one or more logic circuits, and the transceiver unit 10 may be an
input/output interface that is also referred to as a communication interface, an interface circuit, an
interface, or the like. Alternatively, the transceiver unit 10 may be a sending unit and a receiving
unit. The sending unit may be an output interface, and the receiving unit may be an input interface.
The sending unit and the receiving unit are integrated into one unit, for example, an input/output
interface. FIG. 13 is a diagram of still another structure of a communication apparatus according
to an embodiment of this application. As shown in FIG. 13, the communication apparatus shown
in FIG. 13 includes a logic circuit 901 and an interface 902. To be specific, the processing unit 20
may be implemented through the logic circuit 901, and the transceiver unit 10 may be implemented
through the interface 902. The logic circuit 901 may be a chip, a processing circuit, an integrated
circuit, a system on chip (system on chip, SoC), or the like. The interface 902 may be a
communication interface, an input/output interface, a pin, or the like. For example, FIG. 13 shows
an example in which the communication apparatus is a chip. The chip includes the logic circuit
901 and the interface 902. It can be understood that the chip shown in this embodiment of this
application may include a narrowband chip, an ultra-wideband chip, or the like. This is not limited

in embodiments of this application. Alternatively, the narrowband chip and the ultra-wideband
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chip may be integrated into one apparatus or chip, or may be independent of each other.
Implementations of the narrowband chip and the ultra-wideband chip in a device are not limited
in embodiments of this application. A step of sending a signal in the foregoing descriptions may
be performed by the ultra-wideband chip, and whether other steps are performed by the ultra-
wideband chip is not limited in embodiments of this application.

[00313] In embodiments of this application, the logic circuit and the interface may be further
coupled to each other. A specific manner of connection between the logic circuit and the interface
is not limited in embodiments of this application.

[00314] For example, when the communication apparatus is configured to perform the method,
the functions, or the steps performed by the first communication apparatus in the foregoing method
embodiments, the logic circuit 901 is configured to generate a PPDU, where the PPDU includes a
PHR field and a PHY payload field, the PHR field includes first PHR information, and the first
PHR information indicates a data rate of the PHY payload field; and the interface 902 is configured
to output a signal, where the signal is generated based on the PPDU, the signal includes a signal
generated based on a codeword obtained by encoding the first PHR information, and the codeword
includes a codeword, in a first codeword set, that corresponds to the first PHR information.
[00315] For example, when the communication apparatus is configured to perform the method,
the functions, or the steps performed by the second communication apparatus in the foregoing
method embodiments, the interface 902 is configured to input a signal, where the signal is
generated based on a PPDU, the PPDU includes a PHR field and a PHY payload field, the PHR
field includes first PHR information, the signal includes a signal generated based on a codeword
obtained by encoding the first PHR information, and the codeword includes a codeword, in a first
codeword set, that corresponds to the first PHR information; and the logic circuit 901 is configured
to decode the signal to obtain the first PHR information, where the first PHR information indicates
a data rate of the PHY payload field.

[00316] It can be understood that, for specific descriptions of the PPDU, the first PHR
information, the first codeword set, and the like, refer to the foregoing method embodiments.
Details are not described herein again.

[00317] It can be understood that the communication apparatus described in embodiments of
this application may implement the method provided in embodiments of this application in a form
of hardware, or may implement the method provided in embodiments of this application in a form
of software. This is not limited in embodiments of this application.

[00318] For specific implementations of the embodiment shown in FIG. 13, refer to the
foregoing embodiments. Details are not described herein again.

[00319] An embodiment of this application further provides a wireless communication system.
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The wireless communication system includes a first communication apparatus and a second
communication apparatus. The first communication apparatus and the second communication
apparatus may be configured to perform the method in any one of the foregoing embodiments.
[00320] In addition, this application further provides a computer program. The computer
program is used to implement operations and/or processing performed by the first communication
apparatus in the method provided in this application.

[00321] This application further provides a computer program. The computer program is used
to implement operations and/or processing performed by the second communication apparatus in
the method provided in this application.

[00322] This application further provides a computer-readable storage medium. The computer-
readable storage medium stores computer code. When the computer code is run on a computer, the
computer is enabled to perform operations and/or processing performed by the first
communication apparatus in the method provided in this application.

[00323] This application further provides a computer-readable storage medium. The computer-
readable storage medium stores computer code. When the computer code is run on a computer, the
computer is enabled to perform operations and/or processing performed by the second
communication apparatus in the method provided in this application.

[00324] This application further provides a computer program product. The computer program
product includes computer code or a computer program. When the computer code or the computer
program is run on a computer, operations and/or processing performed by the first communication
apparatus in the method provided in this application are/is performed.

[00325] This application further provides a computer program product. The computer program
product includes computer code or a computer program. When the computer code or the computer
program is run on a computer, operations and/or processing performed by the second
communication apparatus in the method provided in this application are/is performed.

[00326] In the several embodiments provided in this application, it should be understood that
the disclosed system, apparatus, and method may be implemented in other manners. For example,
the described apparatus embodiments are merely examples. For example, division into the units is
merely logical function division and may be other division during actual implementation. For
example, a plurality of units or components may be combined or integrated into another system,
or some features may be ignored or not performed. In addition, the shown or discussed mutual
couplings, direct couplings, or communication connections may be implemented through some
interfaces. The indirect couplings or communication connections between the apparatuses or units
may be implemented in electrical, mechanical, or other forms.

[00327] The units described as separate components may or may not be physically separate,
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and components shown as units may or may not be physical units, to be specific, may be located
in one place, or may be distributed on a plurality of network units. Some or all of the units may be
selected according to an actual requirement to implement the technical effect of the solutions
provided in embodiments of this application.

[00328] In addition, functional units in embodiments of this application may be integrated into
one processing unit, or each of the units may exist alone physically, or two or more units may be
integrated into one unit. The integrated unit may be implemented in a form of hardware, or may
be implemented in a form of a software functional unit.

[00329] When the integrated unit is implemented in the form of the software functional unit and
sold or used as an independent product, the integrated unit may be stored in a computer-readable
storage medium. Based on such an understanding, the technical solutions in embodiments of this
application essentially, or the part contributing to the conventional technology, or all or some of
the technical solutions may be implemented in a form of a software product. The computer
software product is stored in a readable storage medium, and includes several instructions for
instructing a computer device (which may be a personal computer, a server, a network device, or
the like) to perform all or some of the steps of the methods described in embodiments of this
application. The readable storage medium includes any medium that can store program code, for
example, a USB flash drive, a removable hard disk drive, a read-only memory (read-only memory,
ROM), a random access memory (random access memory, RAM), a magnetic disk, or a compact
disc.

[00330] The foregoing descriptions are merely specific implementations of this application, but
are not intended to limit the protection scope of this application. Any variation or replacement
readily figured out by a person skilled in the art within the technical scope disclosed in this
application shall fall within the protection scope of this application. Therefore, the protection scope

of this application shall be subject to the protection scope of the claims.
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1. An ultra-wideband-based signal transmission method, comprising:

generating a physical layer protocol data unit PPDU, wherein the PPDU comprises a physical
layer header PHR field and a physical layer payload field, the PHR field comprises first PHR
information, and the first PHR information indicates a data rate of the physical layer payload field;
and

sending a signal, wherein the signal is generated based on the PPDU, the signal comprises a
signal generated based on a codeword obtained by encoding the first PHR information, and the
codeword comprises a codeword, in a first codeword set, that corresponds to the first PHR
information.

2. An ultra-wideband-based signal transmission method, comprising:

receiving a signal, wherein the signal is generated based on a physical layer protocol data unit
PPDU, the PPDU comprises a physical layer header PHR field and a physical layer payload field,
the PHR field comprises first PHR information, the signal comprises a signal generated based on
a codeword obtained by encoding the first PHR information, and the codeword comprises a
codeword, in a first codeword set, that corresponds to the first PHR information; and

decoding the signal to obtain the first PHR information, wherein the first PHR information
indicates a data rate of the physical layer payload field.

3. The method according to claim 1 or 2, wherein the first codeword set comprises M
codewords, a length of the codeword is L, and a Hamming distance d between any two of the M

codewords satisfies the following formula:

ML ML
d Z[Z(M —1)J or d Z{Z(M —1)J_1‘

4. The method according to claim 3, wherein the first PHR information further comprises

information indicating whether the physical layer payload field is encoded by using a first coding
scheme.

5. The method according to claim 4, wherein the length of the codeword satisfies the
following formula:

L=4n+2, wherein

L represents the length of the codeword, and n is a positive integer.

6. The method according to any one of claims 1 to 4, wherein the first codeword set comprises
M codewords, the length of the codeword is L, M is less than or equal to 16, L is equal to 20 bits,
and the first codeword set comprises one or more of the following codewords:

1 1 1 1 1 T111111111111111;
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100110011001100;
001100110011001;
111000011110000;
010010110100101;
100001111000011;
001011010010110;
111111100000000;
010101001010101;
100110000110011;
010101010101010;
001100101100110;
111000000001111;
010010101011010;
100001100111100; or
0 0 0 0 O o001011001101001.

S O O O O O O o o o o o o o
S O O O O O O o o o o o o o
S O O O O O O o o o o o o o
S O O O o O O o o o o o o o
S O O O O O O o o o o o o o

7. The method according to any one of claims 1 to 4, wherein the first codeword set comprises
M codewords, a binary bit length of the codeword is L, M is less than or equal to 16, L is equal to
20 bits, the codeword is represented in a hexadecimal form, and the first codeword set comprises
one or more of the following codewords:

OxFFFFF;

0x04CCC;

0x01999;

0x070F0;

0x025A5;

0x043C3;

0x01696;

0x07F00;

0x02A55;

0x04C33;

0x02AAA;

0x01966;

0x0700F;

0x0255A;

0x0433C; and

0x01669.

97



10

15

20

25

30

35

8. The method according to any one of claims 1 to 4, wherein the first codeword set comprises
M codewords, the length of the codeword is L, M is less than or equal to 16, L is equal to 36 bits,
and the first codeword set comprises one or more of the following codewords:

1 0000110117001 T1T1T1O0OT1T1TTO0OO0O0OO0T11
01 1001 1 1 1 0 1;

1 o11001 11 1T01O0T1O0O0O0OO0OT1O0TT1TTO0TO0'1
1 1.1 01 01 0 O O O;and

o1 100111710101 0O0O0O0T1O0OT1TTQO0OTQO0OT11
1 101 01 0 0 0 0 1.
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9. The method according to any one of claims 1 to 4, wherein the first codeword set comprises
M codewords, the length of the codeword is L, M is less than or equal to 16, L is equal to 32 bits,
and the first codeword set comprises one or more of the following codewords:

1 00111 101O01O0O0O0OO0O0T1TT1TTUO0OTO0OTO0O0OO0OO0OTO0O
0 00 0 0 0 O
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10. The method according to any one of claims 1 to 4, wherein the first codeword set
comprises M codewords, the length of the codeword is L, M is less than or equal to 16, L is equal
to 32 bits, and the first codeword set comprises one or more of the following codewords:

6o1ro0o0o0111010101O00O0OT1T1T1TO0T1TG0TGO0OO
00 00 0 0 O

!l 01000111001 10100011 T1TTO0OT1TT1F®0

1 1 01 0 O O;and

oo0o011r1ro011o01o011100O0T1TTO0O0OT1TTO0TO0OFO0
1 110 1 1 0.

11. The method according to any one of claims 1 to 3, wherein the length of the codeword is
an even quantity of bits, and the length of the codeword satisfies the following formula:

L=7n+m, wherein

L represents the length of the codeword, n is a positive integer, and m is an integer greater
than or equal to 0 and less than 7.

12. The method according to any one of claims 1 to 3, and 11, wherein the first codeword set
comprises M codewords, the length of the codeword is L, M is less than or equal to 8, L is equal

to 28 bits, and the first codeword set comprises one or more of the following codewords:
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13. The method according to any one of claims 1 to 3, and 11, wherein the first codeword set
comprises M codewords, the length of the codeword is L, M is less than or equal to 8, L is equal
to 30 bits, and the first codeword set comprises one or more of the following codewords:

00 00OOTOOOOOOOTOOTOOOTOOOO0OTO0OO0OO0OTO
0 0 0 0 O
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14. The method according to any one of claims 1 to 3, and 11, wherein the first codeword set
comprises M codewords, the length of the codeword is L, M is less than or equal to 8, L is equal
to 32 bits, and the first codeword set comprises one or more of the following codewords:

00 00O0OOOOTOOTOOTOOTOOOTOOOO0OTO0OO0OO0OTO
00 00 0 0 O

15. The method according to any one of claims 1 to 3, and 11, wherein the first codeword set
comprises M codewords, the length of the codeword is L, M is less than or equal to 8, L is equal
to 34 bits, and the first codeword set comprises one or more of the following codewords:

0o 0 00 O0OOOOOOTOOOOOOOTOOTOOOTO0OO0OTO
0 00O 0O OO0 0 O
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1 0 001 1 1 1 O0;and

1 1010011101001 11010O0T1TT1T1TO0'1
0 01 1 1 01 0O

16. The method according to any one of claims 1 to 3, and 11, wherein the first codeword set
comprises M codewords, the length of the codeword is L, M is less than or equal to 8, L is equal
to 36 bits, and the first codeword set comprises one or more of the following codewords:

00 00O0OOOOOTOOTOOTOOTOOOTOO0OOO0OTO0OO0OO0OTO
00000 0 O0O0OTO0OO0 O

o1r111ro00o01T1T1T1®O0O0O0OT1TT1TT1TUO0OO0OO0OT1T1'1
1 000 1 I 1 1 O O O;and

1 1010011101001 1101O0O0T1TT1T1TO0'1
001 1 101001 1

17. The method according to any one of claims 1 to 16, wherein the quantity M of codewords
in the first codeword set is less than or equal to 2%, K is a bit length of the first PHR information,
and K=2, 3, or 4.

18. The method according to any one of claims 1 to 17, wherein the length of the codeword
is any one of the following: 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, or 40 bits.

19. A communication apparatus, comprising:

a processing unit, configured to generate a physical layer protocol data unit PPDU, wherein
the PPDU comprises a physical layer header PHR field and a physical layer payload field, the PHR
field comprises first PHR information, and the first PHR information indicates a data rate of the
physical layer payload field; and

a transceiver unit, configured to send a signal, wherein the signal is generated based on the
PPDU, the signal comprises a signal generated based on a codeword obtained by encoding the first

PHR information, and the codeword comprises a codeword, in a first codeword set, that
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corresponds to the first PHR information.

20. A communication apparatus, comprising:

a transceiver unit, configured to receive a signal, wherein the signal is generated based on a
physical layer protocol data unit PPDU, the PPDU comprises a physical layer header PHR field
and a physical layer payload field, the PHR field comprises first PHR information, the signal
comprises a signal generated based on a codeword obtained by encoding the first PHR information,
and the codeword comprises a codeword, in a first codeword set, that corresponds to the first PHR
information; and

a processing unit, configured to decode the signal to obtain the first PHR information, wherein
the first PHR information indicates a data rate of the physical layer payload field.

21. A communication apparatus, comprising a processor and a memory, wherein

the memory is configured to store instructions; and

the processor is configured to execute the instructions, to perform the method according to
any one of claims 1 to 18.

22. A communication apparatus, comprising a logic circuit and an interface, wherein the logic
circuit is coupled to the interface; and

the interface is configured to input and/or output code instructions, and the logic circuit is
configured to execute the code instructions, to perform the method according to any one of claims
1 to 18.

23. A wireless communication system, comprising the communication apparatus according
to claim 19 and/or the communication apparatus according to claim 20.

24. A computer-readable storage medium, wherein the computer-readable storage medium is
configured to store a computer program, and when the computer program is executed, the method

according to any one of claims 1 to 18 is performed.
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