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(57) A digital communication transmitter, receiver,
method and system, wherein a digital signal comprises
a plurality of frames to transmit data, each of the plurality
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Description

FIELD OF THE INVENTION

[0001] The invention relates to digital satellite communication and in particular a frame design for transmitted signals
to provide better support for variable/adaptive coding and modulation schemes.

BACKGROUND OF THE INVENTION

[0002] The objective of modem digital communication systems is to transmit audio/video signals and data bits from a
source to a destination with high power and bandwidth efficiency, and low-cost hardware implementation for commercial
competitiveness. To achieve this objective, a primary problem in receiver design relates to symbol timing synchronization
and frame synchronization. Symbol timing synchronization includes processes and methods for synchronizing received
data streams with transmitted data streams at the symbol level. Frame synchronization is critical for digital communica-
tions where digital data is sent frame by frame, and each frame contains a number of data bits. Depending on the system,
frame sizes can vary. Each frame usually contains two parts: a header and a payload. Headers typically include important
information for frame synchronization as well as a modulation type and a coding rate for the payload. Payloads typically
contain the actual data protected by the channel coding. Frame formatting design is very critical for overall system
performance and can directly impact product and operating costs. A preferred frame format may result in high performance
receivers that achieve fast frame acquisition and reliable tracking (time and frequency lock) to improve system perform-
ance in terms of either bit error rate and/or packet error rate with minimal overhead and a low-cost implementation.
[0003] In the current digital satellite communication standards such as Digital Video Broadcasting - Satellite (DVB-S)
and Digital Video Broadcasting - Satellite - Second Generation (DVB-S2), each frame has a fixed number of codewords.
Because both Variable Coding and Modulation (VCM) and Adaptive Coding and Modulation (ACM) support different
modulation schemes and forward error correction codes (FEC), the number of coded symbols and/or the length of
payloads vary from frame to frame. For example, in a system having 1200 information bits, if the bits are encoded by a
rate � code, 2400 coded bits will result. When using a quadrature phase-shift keying (QPSK) modulator, this will be
equivalent to 1200 QPSK symbols because each QPSK symbol has two bits. In 8PSK (phase-shift keying) modulation,
this will be equivalent to 800 8PSK symbols since each symbol has three bits. In addition, DVB-S2 has two LDPC codes
for each code rate, a long one of 64800 coded bits and a short one of 16200 coded bits. Consequently, each frame will
have a different length/number of symbols depending on which modulation schemes and FEC codes are used. This
difference in frame size complicates receiver design, which is usually further complicated by various channel distortions
such as group delays, background noise, adjacent channels and/or other interferences.

BRIEF SUMMARY OF THE INVENTION

[0004] It is an object of the invention to present improved digital communications transmitter and reciever. This object
is achieved by the subject matter of the independent claims.
[0005] One of the benefits of the invention is to eliminate the above-mentioned problems by fixing frame sizes regardless
of the modulation schemes and/or coding rates used. According to an embodiment of the invention, each frame begins
with a header that contains a synchronization waveform called a unique word (UW), followed by an auxiliary control
code (ACC), which specifies the modulation scheme and the coding rate of the first codeword in the current frame. In
addition to coded data symbols, the first codeword may also contain a "next frame composition table" (NFCT) to specify
modulation schemes and coding rates for some or all of the codewords in the next frame and/or the following frames.
The total number of symbols in a frame or the frame size is fixed. In an embodiment of the invention, the receiver knows
that the UW position is fixed in the ACM/VCM mode. Hence, synchronization control can be simplified.
[0006] Another benefit is that data streams of different modulation and/or code rates can be handled simultaneously
in the ACM mode. In current systems such as the DVB-S2 standard, data of different modulation types are kept in
different queues. For any particular queue, each queue must accumulate enough data to fill up one frame before it starts
to transmit. Hence, this queuing delay is of a random nature and fluctuates depending on the instantaneous arrival rate
of the data. According to various embodiments of the invention, data of different modulation types and code rates can
be sent in a single frame. Although sufficient data is generally accumulated to fill up one codeword, since the length of
the codeword is much shorter than that of the DVB-S2 long codes, the average queuing delay and the extent of its
variation will be much smaller.
[0007] Another benefit is that in various embodiments of the invention, the unique word position and the frame size
of the VCM and the ACM modes are the same as those of the CCM mode, thus the VCM mode and the ACM mode are
compatible with the CCM mode. Because the CCM mode are widely used in broadcasting services, this compatibility
allows the VCM and the ACM modes to be easily integrated into existing systems without incurring huge equipment cost.
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[0008] An additional benefit is that according to various embodiments of the invention, the VCM mode allows for
flexibility in satisfying various link budget requirements without incurring additional cost in receiver design. Generally
different users have different link budget requirements. The VCM mode is designed to allow different users to use different
modulation types and code rates depending on their individual link budget requirement. Thus the VCM mode provides
more flexibility than the CCM mode, which by contrast can not change either the modulation or the code rate from one
user to another. Although the link budget requirements change with users, the link budget requirement for each user is
usually fixed, hence the modulation and the code rate is usually fixed. Consequently the receiver design for the VCM
mode is no more complicated than that for the CCM mode.
[0009] According to an embodiment of the invention, the number of pilot symbols can change the frame size. In this
embodiment, pilot symbols may be inserted uniformly during a frame. Depending on whether pilot symbols are used
and how many pilot symbols are used in each pilot section, the frame size will vary accordingly. According to another
embodiment of the invention using the VCM and the ACM modes, the methods of using pilot symbols are usually fixed
in real transmissions and will not change from one frame to another.
[0010] According to an embodiment of the invention, each frame has multiple LDPC codewords. The ACC only specifies
the modulation and the code rate of the first codeword in the ACM mode, the remainder of the codewords are specified
by the NFCT in the first codeword of the previous frame.
[0011] According to a further embodiment of the invention, the use of NFCTs may result in smaller transmission
overhead in ACM transmissions. In DVB-S2, the modulation and/or the code rate are specified in a special part of the
header called MODCOD, which encodes modulation and coding rate information using Reed-Muller code. Each MOD-
COD has 64 QPSK symbols that jointly specify modulation and code rate for one LDPC codeword. In the ACM mode
in DVB-S2, the transmission overhead owing to MODCOD can be very high, especially for high-order modulation schemes
like 16APSK and 32APSK and DVB-S2 short codes. According to another embodiment of the invention, the NFCT is
encoded using LDPC codes whose rates are much higher than the Reed-Muller code used by the DVB-S2 standard.
For example, various embodiments of the invention may use an LDPC encoder of rate of �, the minimum code rate
supported in the DVB-S2 standard, while the rate for the Reed-Muller code in DVB-S2 is 1/16. Furthermore, unlike DVB-
S2 MODCOD, the first codeword can be of any modulation schemes, such as, but not limited to, QPSK to 32APSK,
which can further reduce the transmission overhead.
[0012] According to an embodiment of the invention, that the NFCT has a delay of one frame is because the receiver
does not typically know the content of the NFCT until the first codeword has been decoded by an LDPC decoder.
Generally this one-frame delay is acceptable for most of applications. For example, in reality channel conditions owing
to rain and/or other environmental conditions usually change slowly, hence the ACM only needs to change the modulation
and coding rate occasionally. Furthermore, this one-frame delay is negligible compared to the satellite transmission
delay, which is usually as high as a few hundred milliseconds owing to the height of the geostationary orbit. For instance,
at a symbol rate of 30 Msps and a frame size of 30,000 symbols, a one-frame delay is only about 1 ms.
[0013] According to an embodiment of the invention, for low-symbol rate, delay sensitive applications, the modulation
and/or coding rate of the first codeword in a frame may be overwritten by the ACC of the same frame in the ACM mode
such that the one-frame delay may be eliminated for the first codeword. Accordingly, the first codeword can be used to
carry delay-sensitive data while the other codewords can be used for non-delay-sensitive data.
[0014] According to an embodiment of the invention, an efficient framing scheme is used to support variable/adaptive
coding and modulation (VCM/ACM) schemes in a digital satellite transmission system. In the VCM and the ACM modes,
modulation and coding rates change from frame to frame. The ACM mode uses a return channel to adjust the modulation
and/or coding rate based on feedback information. According to an embodiment of the invention, improved support is
provided for the VCM mode because the modulation/coding format does not change within a frame.
[0015] According to an embodiment of the invention, when using the ACM mode, a NFCT is used in the first codeword
of a frame, which specifies the modulation and coding of all the codewords in the next frame. Accordingly, different
codewords can use different modulation types and coding rates while the total number of the symbols from all the
codewords is fixed.
[0016] Various embodiments of the invention may include a digital communication system using digital transmissions,
the digital transmissions comprising: a plurality of frames to transmit data, wherein each of the plurality of frames has a
frame structure; wherein each frame comprises, a frame header, and a plurality of codewords, one of which contains a
Next Frame Composition Table to set the structure for the next frame.
[0017] According to an embodiment of the invention, the plurality of codewords in each frame comprises a first code-
word, and the Next Frame Composition Table is in the first codeword.
[0018] According to an embodiment of the invention, the digital communication system uses the ACM mode.
[0019] According to an embodiment of the invention, the digital communication system uses the VCM mode.
[0020] According to an embodiment of the invention, the Next Frame Composition Table is to set the structure for the
next frame.
[0021] According to an embodiment of the invention, the Next Frame Composition Table defines the number of code-



EP 1 901 456 A2

4

5

10

15

20

25

30

35

40

45

50

55

words per frame.
[0022] According to an embodiment of the invention, each of the plurality of frames comprises at least one codeword.
[0023] According to an embodiment of the invention, a receiver can make use of the Next Frame Composition Table
to determine where the codewords start and stop.
[0024] According to an embodiment of the invention, the Next Frame Composition Table defines a structure of the
codewords for the next codeword.
[0025] According to an embodiment of the invention, the Next Frame Composition Table defines a padding structure
for the next frame.
[0026] According to an embodiment of the invention, the plurality of codewords in each frame comprises a first code-
word, and the Next Frame Composition Table is in a codeword other than the first codeword.
[0027] According to an embodiment of the invention, the system uses at least one of the following modulation schemes:
QPSK, 8PSK, 16APSK or 32APSK.
[0028] According to an embodiment of the invention, the structure for the second frame comprises a modulation and/or
a coding format.
[0029] According to an embodiment of the invention, the modulation and/or coding format of the first codeword in a
frame can be overwritten by the auxiliary control code in the frame header.
[0030] According to an embodiment of the invention, codewords in at least one of the plurality of frames use different
modulation.
[0031] According to an embodiment of the invention, codewords in at least one of the plurality of frames use different
FEC code rates.
[0032] According to an embodiment of the invention, the Next Frame Composition Table reduces transmission over-
head when the system uses the ACM mode.
[0033] According to an embodiment of the invention, delay-sensitive data is located in a first codeword of one frame
and non-delay-sensitive data is located in other codewords in the frame.
[0034] According to an embodiment of the invention, data streams in different modulation and code rates can be
transmitted simultaneously in the ACM mode.
[0035] According to an embodiment of the invention, the unique word position and the frame length of the VCM mode
and of the ACM mode are the same as those of the CCM mode, which is commonly used in broadcasting services.
[0036] According to an embodiment of the invention, the VCM mode and the ACM mode are compatible with the CCM
mode that is used in broadcasting services.
[0037] According to an embodiment of the invention, for the VCM mode the modulation and the code rate are fixed
for all the codewords in one frame.
[0038] According to an embodiment of the invention, the VCM mode can accommodate different users with different
link budget requirements.
[0039] Various embodiments of the invention include a digital communication system, comprising: a transmitter to
transmit a digital signal; and a receiver to receive a digital signal; wherein the digital signal comprises, a plurality of
frames to transmit data, wherein each of the plurality of frames has a frame structure; and wherein each frame comprises,
a frame header, and a plurality of codewords, one of which contains a Next Frame Composition Table to set the structure
for the next frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 depicts an exemplary detailed frame format of a transmitted frame, according to an embodiment of the
invention.
[0041] FIG. 2 depicts an exemplary frame having a payload data structure using multiple LDPC codewords, according
to an embodiment of the invention.
[0042] FIG. 3 depicts an exemplary format of a first LPDC codeword of a frame, according to an embodiment of the
invention.
[0043] FIG. 4 depicts an exemplary format for additional LDPC codewords, according to an embodiment of the invention.
[0044] FIG. 5 depicts an exemplary NFCT bit and byte structure, according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0045] According to an embodiment of the invention, FIG. 1 depicts an exemplary detailed frame format of a transmitted
frame. The frame format starts with an X-symbol UW pattern, followed by a Y-symbol ACC, and m+1 segments of
encoded data (or payload data) separated by m evenly distributed pilot sections. The UW is designed to yield an improved
correlation property for faster acquisition. An exemplary UW may contain detailed information on frame structures.
[0046] According to a further embodiment of the invention, the number of payload segments (m+1) in each frame is
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determined by the frame length in symbols and the distance between two consecutive segments, which may be designed
to provide reliable synchronization with minimum overhead. For systems having severe channel conditions and using
high dimensional modulations, more pilots are used. Furthermore, the size of each pilot segment may also be adjustable.
According to an embodiment of the invention, in some cases frames having no pilot symbols may be used to achieve
minimal overhead. In this case, modulation dimensions are usually low and the channel is usually in fair conditions.
According to various embodiments of the invention, the number of pilot symbols used may be determined by the worst
channel conditions and/or the most demanding modulation and/or coding rate; they may also be designed so as to not
change from one frame to another.
[0047] As illustrated in FIG. 2, in various embodiments of the invention, an integer number of LDPC codewords is
assigned in each frame as the payload data. This design leads to simple decoder control logic where the decoder does
not need to decode payloads across a frame boundary.
[0048] Furthermore, the codeword itself may have a constant length in bits to simplify the decoding implementation.
Additionally, each codeword may have a different modulation type and/or code rate to support the ACM mode. The
number of codewords in a frame may depend on the modulation dimensions. Higher modulation dimensions may lead
to more codewords in a frame.
[0049] Table 1 provides exemplary distributions of frame resources. In some embodiments user data may not be
continuous; accordingly, a format other than the format defined in the table may be used. Consequently, there may be
some unused symbols towards the end of a frame which may be defined as dummy symbols and may be modulated by
an all-zero or an all-one bit pattern.

[0050] According to various embodiments of the invention, codewords may be made up of information bits and FEC
parity bytes having a CRC error checking field and/or an LDPC error correction field. But not all the codewords need to
be designed to be the same. According to an embodiment of the invention, within each frame, the first codeword (as
shown in FIG. 3) is different from other codewords (shown in FIG. 4) in that it contains header information for another
frame. The first three fields, NBYTES, FBYTE, and PSTART, may be used by all modes of operation. The other fields
depicted, LBYTE, PBYTES, and NFCT, are typically not used in transport streams. According to an embodiment of the
invention, in a typical stream, the NFCT may be used in only the ACM mode.
[0051] According to various embodiments of the invention, the NFCT is designed for ACM applications where each
codeword may be independent of others in a frame in terms of modulation type and/or code rate. The NFCT defines the
composition of the frame following the current frame. An exemplary NFCT may follow the PBYTES and may have the
syntax shown in Table 2. Corresponding exemplary bit and byte positions are also illustrated in Table 2.

Table 1 Assignment of Codewords to Each Modulation Dimension

Combination index

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Modulation 
dimension

2 4 3 2 2 2 1 1 1

3 6 3 3 3 3

4 8 2 4 6 2 2 4 4

5 10 5 5 5 5

Table 2 NFCT definition.

Syntax No. of bits

reserved information

Next_Frame_Composition_Table() {

Codeword_count_in_next_frame 4

4

For(i=0;i<=codeword_count_in_next_frame;i++) {

Status 1

Modulation 2

Code_rate 4
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[0052] The terms used in Table 2 may have the following meanings:
[0053] Codeword_count_in_next_frame: this is a 4-bit field indicating one less than the number of LDPC codewords
in next frame. The codeword index i starts from 0 to code Codeword_ count_ in_ next_ frame ≥ 0. Accordingly, in this
embodiment, at least one codeword in a frame is always transmitted, i. e. the first codeword of each frame is guaranteed
for transmission.
[0054] Status: 1 bit indicating the codeword status. 1 = valid payload, 0 = no payload data or empty codeword (zeros
padded). When this bit is 0, it may not be necessary to demodulate and/or decode the codeword.
[0055] Modulation: 2 bits to indicate the modulation scheme.
[0056] Code_rate: 4 bits to indicate the code rate.
[0057] Padding_in_bytes: zero padding in that particular codeword in bytes. The number of bytes to be padded with
zeros is given by: 

where b15 to b11 are reserved and b0 represents the LSB of the 16 bits.
[0058] It is understood that some of the fields may have different bit widths for different applications.
[0059] It is also understood that when the NFCT is not used, such as in the CCM or the VCM mode, the codewords
of a frame must be of the same modulation and FEC code rate in those two modes, which is specified by the ACC.
[0060] Various embodiments of the invention may also be described by the following items:
[0061] 1. A digital communication system using digital transmissions, the digital transmissions comprising: a plurality
of frames to transmit data, including a first frame and a second frame, wherein each of the plurality of frames has a
frame structure; wherein the first frame comprises, a plurality of codewords comprising user data, and a Next Frame
Composition Table to set the structure for the second frame, and wherein the second frame comprises at least one
codeword.
[0062] 2. The digital communication system of item 1, wherein the first frame further comprises a header, and the
Next Frame Composition Table is in the header.
[0063] 3. The digital communication system of item 1, wherein the plurality of codewords in the first frame comprises
a first codeword, and the Next Frame Composition Table is in the first codeword.
[0064] 4. The digital communication system of item 1, wherein the digital communication system uses an ACM mode.
[0065] 5. The digital communication system of item 1, wherein the digital communication system uses a VCM mode.
[0066] 6. The digital communication system of item 1, wherein the Next Frame Composition Table is to set the structure
for every frame except the first frame.
[0067] 7. The digital communication system of item 1, wherein the Next Frame Composition Table defines the number
of codewords per frame.
[0068] 8. The digital communication system of item 1, wherein each of the plurality of frames comprises at least one
codeword.
[0069] 9. The digital communication system of item 1, wherein the Next Frame Composition Table is used to determine
where the codewords start and stop.
[0070] 10. The digital communication system of item 1, wherein the Next Frame Composition Table defines a structure
of the codewords.
[0071] 11. The digital communication system of item 1, wherein the Next Frame Composition Table defines a padding
structure for at least one frame.
[0072] 12. The digital communication system of item 1, wherein the plurality of codewords in the first frame comprises

(continued)

Syntax No. of bits

reserved information

Padding_in_bytes 16

1

}

}
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a first codeword, and the Next Frame Composition Table is in a codeword other than the first codeword.
[0073] 13. The digital communication system of item 1, wherein the system uses at least one of the following modulation
types: QPSK, 8PSK, 16APSK or 32APSK.
[0074] 14. The digital communication system of item 1, wherein the structure for the second frame comprises a
modulation and/or a coding format.
[0075] 15. The digital communication system of item 14, wherein the modulation and/or coding format of the first
codeword in a frame is overwritten by an auxiliary control code.
[0076] 16. The digital communication system of item 1, wherein codewords in at least one of the plurality of frames
use different modulation.
[0077] 17. The digital communication system of item 1, wherein codewords in at least one of the plurality of frames
use different FEC code rates.
[0078] 18. The digital communication system of item 1, wherein the Next Frame Composition Table reduces trans-
mission overhead when the system uses the ACM mode.
[0079] 19. The digital communication system of item 1, wherein delay-sensitive data is located in a first codeword of
the first frame and non-delay-sensitive data is located in at least one other of the plurality of codewords in the first frame.
[0080] 20. The digital communication system of item 1, wherein data streams having different modulation and code
rates are to be transmitted simultaneously in the ACM mode.
[0081] 21. The digital communication system of item 1, wherein a unique word position and a frame length in a VCM
mode and an ACM mode are the same as those of a CCM mode.
[0082] 22. The digital communication system of item 20, wherein the VCM mode and the ACM mode are compatible
with the CCM mode.
[0083] 23. The digital communication system of item 1, wherein for a VCM mode a modulation and a code rate are
fixed for all the codewords in each frame.
[0084] 24. The digital communication system of item 1, wherein a VCM mode can accommodate different users with
different link budget requirements.
[0085] 25. A method of digital communication, comprising: transmitting a digital signal; and receiving a digital signal;
wherein the digital signal comprises, a plurality of frames to transmit data, including a first frame and a second frame,
wherein each of the plurality of frames has a frame structure; and wherein the first frame comprises, a plurality of
codewords comprising user data, and a Next Frame Composition Table to set the structure for the second frame, and
wherein the second frame comprises at least one codeword.
[0086] 26. A digital communication system, comprising: a transmitter to transmit a digital signal; and a receiver to
receive a digital signal; wherein the digital signal comprises, a plurality of frames to transmit data, including a first frame
and a second frame, wherein each of the plurality of frames has a frame structure; and wherein the first frame comprises,
a plurality of codewords comprising user data, and a Next Frame Composition Table to set the structure for the second
frame, and wherein the second frame comprises at least one codeword.
[0087] 27. A digital communication system using digital transmissions, the digital transmissions comprising: a plurality
of frames to transmit data, wherein each of the plurality of frames has a frame structure comprising, a frame header,
and a plurality of codewords, one of which comprises a Next Frame Composition Table to set the frame structure for
the next frame.
[0088] 28. A method of digital communication, comprising: transmitting a digital signal; and receiving a digital signal;
wherein the digital signal comprises, a plurality of frames to transmit data, wherein each of the plurality of frames has a
frame structure; and wherein each of the plurality of frames comprises, a frame header, and a plurality of codewords
comprising user data, wherein at least one of the codewords comprises a Next Frame Composition Table to set the
structure for the next frame.
[0089] 29. A digital communication system, comprising: a transmitter to transmit a digital signal; and a receiver to
receive a digital signal; wherein the digital signal comprises, a plurality of frames to transmit data, wherein each of the
plurality of frames has a frame structure; and wherein each of the plurality of frames comprises, a frame header, and a
plurality of codewords comprising user data, wherein at least one of the a Next Frame Composition Table to set the
structure for the next frame.
[0090] Although specific embodiments have been illustrated and described herein, it will be appreciated by those of
ordinary skill in the art, that any arrangement which is calculated to achieve the same purpose may be substituted for
the specific embodiments shown. It is to be understood, that the above description is intended to be illustrative and not
restrictive. This application is intended to cover any adaptations or variations of the invention. Combinations of the above
embodiments and many other embodiments will be apparent to those of skill in the art upon reading and understanding
the above description. The scope of the invention includes any other embodiments and applications in which the above
structures and methods may be used. The scope of the invention should, therefore, be determined with reference to the
appended claims along with the full scope of equivalents to which such claims are entitled.
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Claims

1. A digital communication transmitter, wherein:

a digital signal comprises a plurality of frames to transmit data, each of the plurality of frames having a frame
structure, including a first frame and a second frame;
the first frame comprises a plurality of codewords, and a Next Frame Composition Table to set the structure for
the second frame; and
the second frame comprises a codeword.

2. A digital communication receiver, wherein:

a digital signal comprises a plurality of frames to transmit data, each of the plurality of frames having a frame
structure, including a first frame and a second frame;
the first frame comprises a plurality of codewords, and a Next Frame Composition Table to set the structure for
the second frame; and
the second frame comprises a codeword.

3. A digital communication method, wherein:

a digital signal comprises a plurality of frames to transmit data, each of the plurality of frames having a frame
structure, including a first frame and a second frame;
the first frame comprises a plurality of codewords, and a Next Frame Composition Table to set the structure for
the second frame; and
the second frame comprises a codeword.

4. A digital communication system, wherein:

a digital signal comprises a plurality of frames to transmit data, each of the plurality of frames having a frame
structure, including a first frame and a second frame;
the first frame comprises a plurality of codewords comprising a Next Frame Composition Table to set the
structure for the second frame; and
the second frame comprises a codeword.

5. The digital communication system of claim 4, wherein:

the first frame further comprises a header; and
the Next Frame Composition Table is in the header.

6. The digital communication system of claim 4, wherein:

the plurality of codewords in the first frame comprises a first codeword; and
the Next Frame Composition Table is in the first codeword.

7. The digital communication system of claim 4, wherein:

the plurality of codewords in the first frame comprises a first codeword; and
the Next Frame Composition Table is in a codeword other than the first codeword.

8. The digital communication system of one of claims 4 to 7, wherein:

the system uses one of the following modulation types: QPSK, 8PSK, 16APSK or 32APSK.

9. The digital communication system of one of claims 4 to 8, wherein:

the Next Frame Composition Table is to set the structure for every frame except the first frame.

10. The digital communication system of one of claims 4 to 9, wherein:
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the Next Frame Composition Table defines the number of codewords per frame.

11. The digital communication system of one of claims 4 to 10, wherein:

each of the plurality of frames comprises a codeword.

12. The digital communication system of one of claims 4 to 11, wherein:

the Next Frame Composition Table is used to determine where the codewords start and stop.

13. The digital communication system of one of claims 4 to 12, wherein:

the Next Frame Composition Table defines a structure of the codewords.

14. The digital communication system of one of claims 4 to 13, wherein the Next Frame Composition Table defines a
padding structure for a frame.

15. The digital communication system of one of claims 4 to 14, wherein:

the structure for the second frame comprises a modulation format or a coding format or both.

16. The digital communication system of claim 15, wherein:

the modulation format or coding format or both of the first codeword in a frame is overwritten by an auxiliary
control code.

17. The digital communication system of one of claims 4 to 16, wherein:

codewords in one of the plurality of frames use different modulation.

18. The digital communication system of one of claims 4 to 17, wherein:

codewords in one of the plurality of frames use different FEC code rates.

19. The digital communication system of one of claims 4 to 18, wherein:

delay-sensitive data is located in a first codeword of the first frame: and
non-delay-sensitive data is located in one other of the plurality of codewords in the first frame.

20. The digital communication system of one of claim 4 to 19, wherein:

the system uses an ACM mode or a VCM mode or both.

21. The digital communication system of claim 20, wherein:

a unique word position and a frame length in the ACM mode and the VCM mode are the same as those of a
CCM mode.

22. The digital communication system of claim 21, wherein:

the ACM mode and the VCM mode are compatible with the CCM mode.

23. The digital communication system of one of claims 20 to 22, wherein:

the Next Frame Composition Table reduces transmission overhead when the system uses the ACM mode.

24. The digital communication system of one of claims 20 to 23, wherein:
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data streams having different modulation and code rates are to be transmitted simultaneously in the ACM mode.

25. The digital communication system of one of claims 20 to 24, wherein:

for the VCM mode a modulation and a code rate are fixed for all the codewords in each frame.

26. The digital communication system of one of claims 20 to 25, wherein:

the VCM mode can accommodate different users with different link budget requirements.
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