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SYSTEM TIME FREQUENCY AND TIME INFORMATION

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Application No. 15/077,601 filed March 22,

2016, which is a non-provisional application of U.S. Provisional Application Serial No.
62/170,089 (“System Time Frequency”) filed June 2, 2015, the entire contents of which are

incorporated herein by reference.

TECHNICAL FIELD
[0001] The present disclosure relates to signaling the distance between predetermined points
of time in a transmitted waveform, and a transmission apparatus, a transmission method, a
reception apparatus, and a reception method in which time mformation and the like can be

efficiently transmitted.

BACKGROUND
[0002] During the last decade, terrestrial broadcasting has evolved from analog to digital.
Currently, discussions are underway for implementing the next generation terrestrial
television broadcasting system. The next generation system is expected to broadcast larger
amounts of data and be implemented as a hybrid system in which data is provided via over
the air (OTA) and over the top (OTT) delivery paths. A method for establishing a more
accurate system time is needed to increase the speed at which data passes from a content
provider to a reception apparatus for presentation to a user and/or to facilitate synchronization
of data received over the OTA and OTT delivery paths.
[0003] For example, in Advanced Television Systems Committee (ATSC) 3.0 which s one
of the next generation terrestrial broadeasting specifications, it is determined that UDP/IP,

that is, an Internet protocol (IP) packet including an user datagram protocol (UDP) packet is
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mainly used in data transmission, instead of a transport stream (TS) packet. In broadcasting
methods other than ATSC 3.0, use of an IP packet in the future is expected.

[0064] When broadcasting is performed by using TS, a program clock reference (PCR) is
transmitted as time information for synchronizing a transmission side with a reception side
{for example, see "ARIB STD-B44 ver. 2.0", Association of Radio Industries and Businesses,
which is incorporated herein by reference in its entirety. However, this method of transport

stream is being phased out as integration with the internet becomes prevalent.

SUMMARY

[0005] According to one embodiment of the present disclosure, there is provided a method of
a reception apparatus for receiving transmission frames. The method includes receiving, by
circuitry of the reception apparatus, the transmission frames transmitted on one millisecond
boundaries. Each of the transmission frames inchludes a bootstrap, a preamble, and a payload.
The method further includes determining, by the circuitry, an absolute point of time ata
predetermined position in a stream of the transmission frames based on first time information
inciuded in a first one of the transmission frames.

100666] Further, according to one embodiment of the present disclosure, there is provided a
non-transitory computer-readable storage medium storing instructions, which when executed
by a computer, cause the computer to perform the method of the reception apparatus for
receiving the transmission frames, as described above.

[0607] Further, according to one embodiment of the present disclosure, there is provided a
reception apparatus. The reception apparatus includes circuitry configured to receive
transmission frames transmitted on one millisecond boundaries. Each of the transmission
frames includes a bootstrap, a preamble, and a payload. The circuitry is further configured to

determine an absolute point of time at a predetermined position in a stream of the
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transmission frames based on first time information included in a first one of the transmission
frames.

[0008] Further, according to one embodiment of the present disclosure, there is provided a
method of an information providing apparatus for providing a stream of transmission frames.
The method includes generating, by circuitry of the information providing apparatus, first
time information that indicates an absolute point of time at a predetermined position in the
stream of the transmission frames. The transmission frames are generated. The generated
time information is included in a first one of the transmission frames. The method further
includes transmitting, by the circuitry, the transmission frames on one millisecond
boundaries. Each of the plurality of transmission frames includes a bootstrap, a preambile,
and a payload.

[0009] Further, according to one embodiment of the present disclosure, there is provided a
method of a reception apparatus for determining a time frequency of a plurality of
transmission frames. The method includes receiving by circuitry of the reception apparatus a
first transmission frame. The first transmission frame includes a bootstrap, a preamble, and a
payload. The time frequency is determined by the circuitry based on a baseband sample rate
coefficient N signaled in the bootstrap and a time length TL of the first transmission frame.
The time frequency indicates a distance between the first transmission frame and a second
transmission frame.

16618] Further, according to one embodiment of the present disclosure, there is provided a
non-transitory computer-readable storage medium storing instructions, which when executed
by a computer, cause the computer to perform the method of the reception apparatus for
determining the time frequency of the plurality of transmission frames, as described above.
[0611] Further, according to one embodiment of the present disclosure, there is provided a

reception apparatus. The reception apparatus includes circuitry configured to receive a first
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transmission frame. The first transmission frame includes a bootstrap, a preamble, and a
payload. The circuitry determines the time frequency based on a baseband sample rate
coefficient N signaled in the bootstrap and a time length TL of the first transmission frame.
The time frequency indicates a distance between the first transmission frame and a second
transmission frame.

[0612] Further, according to one embodiment of the present disclosure, there is provided a
method of an information providing apparatus for providing a plurality of transmission
frames. The method includes generating, by circuitry of the information providing apparatus,
the plarality of transmission frames based on a frame time length TL, each of the plurality of
transmission frames including a bootsirap, a preamble, and a payload. The method further
includes transmitting, by the circuitry, the plurality of transmission frames according to a
time frequency that is determined based on a baseband sample rate coefficient N signaled in
the bootstrap and the at least one time length TL. The time frequency indicates a distance
between a first transmission frame of the plurality of transmission frames and a second

transmission frame of the plurality of transmission frames.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A more complete appreciation of the present disclosure and many of the attendant
advantages thereof will be readily obtained as the same becomes better understood by
reference to the following detailed description when considered in connection with the
accompanying drawings, wherein:

[0614] FIG. 1 illustrates an exemplary broadcast system;

10615] FIG. 2A illustrates an exemplary transmission frame;

10616] FIG. 2B is a diagram tllustrating an exemplary protocol stack used for broadcasting
by a transmission apparatus;

10017] FIG. 3 illustrates an exemplary reception apparatus

4
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10018} FIG. 4A illustrates a flow diagram of an exemplary method for determining a time
frequency;

[0019] FIG. 4B illustrates a flow diagram of an exemplary method for receiving transmission
frames;

[0626] FIG. 5A illostrates a flow diagram of an exemplary method for providing a plurality
of transmission frames;

10021] FIG. 5B illustrates a flow diagram of an exemplary method for providing a plurality
of transmission frames on one millisecond boundaries;

10022} FIG. 6 illustrates a plurality of transmission frames;

10023] FIG. 7 illustrates a proposed ATSC 3.0 physical layer architecture according to one
embodiment;

10024] FIG. 8 is a diagram illustrating time information;

[0025] FIG. 9 is a diagram illustrating a format of an NTP packet;

[6626] FIG. 10 1is a diagram illustrating an example of a placement position of the time
information;

100271 FIG. 11 is a diagram illustrating a first placement example when the time information
is placed at a leading portion of a payload in a physical layer frame;

10028] FIG. 12 is a diagram illustrating type information of a Generic packet;

10629] FIG. 13 is a diagram illustrating a second placement example when the time
information is placed at the leading portion of the payload in the physical layer frame;
10036] FIG. 14 is a diagram illustrating a third placement example when the time
information is placed at the leading portion of the payload in the physical layer frame;
[0031] FIG. 15 is a diagram illustrating extension type information (EXT TYPE);

100321 FIG. 16 is a diagram illustrating order information;
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100633} FIG. 17 1s a diagram illastrating the extension type information (EXT TYPE) when
the order information is included in a BB header of a BB frame;

[0034] FIG. 18 is a diagram illustrating a first example of the order information;

10035] FIG. 19 is a diagram illustrating a second example of the order information;

[0036] FIG. 20 is a diagram illustrating a method of generating a 16-bit offset point of time
as the second example of the order information;

[10037] FIG. 21 is a diagram illustrating a third example of the order information;

10038] FIG. 22 is a diagram illustrating a structure example of a transmission apparatus;
100639 FIG. 23 1s a flowchart illustrating an example of transmission processing which is
performed by the transmission apparatus;

[0040] FIG. 24 is a block diagram illustrating a structure example of a reception apparatus;
10041} FIG. 25 1s a flowchart illustrating reception processing which is performed by the
reception apparatus;

[6642] FIG. 26 is a block diagram illustrating a structure example of a transmission
apparatus;

[0043] FIG. 27 is a flowchart illostrating an example of transmission processing which is
performed by the transmission apparatus;

10044] FIG. 28 is a block diagram illustrating a structure example of a reception apparatus;
[0045] FIG. 29 is a flowchart illustrating reception processing which is performed by the
reception apparatus;

10046] FIG. 30 is a diagram illustrating information of a point of time defined by a PTP,
which can be used as time information;

[0047] FIG. 31 is a diagram illustrating an example of a method of decreasing transmission
frequency of the PTP;

[0048] FIG. 32 is a diagram illustrating an example of a method of compressing the PTP;
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10049] FIG. 33 1s a diagram illustrating an example of a compression mode in which the PTP
is compressed;

[0056] FIG. 34 is a diagram illustrating a first example of syntax of a time information
describer:;

[0051] FIG. 35 is a diagram illustrating a second example of syntax of a time information
describer;

10052) FIG. 36 is a diagram illustrating a structure of a T2 frame which is a physical layer
frame of DVB-T.2; and

100653] FIG. 37 1s a block diagram showing an example of a hardware configuration of a

computer.

DETAILED DESCRIPTION
[0854] While the present disclosure 1s susceptible of embodiment in many different forms,
there is shown in the drawings and will herein be described in detail specific embodiments,
with the understanding that the present disclosure of such embodiments is to be considered as
an example of the principles and not intended to limit the present disclosure to the specific
embodiments shown and described. In the description below, like reference numerals are
used to describe the same, similar or corresponding parts in the several views of the
drawings.
[0055] The terms “a” or “an”, as used herein, are defined as one or more than one. The term
“plarality”, as used herein, is defined as two or more than two. The term “another”, as used
herein, is defined as at least a second or more. The terms “including” and/or “having”, as
used herein, are defined as comprising (/.e., open language). The term “coupled”, as used
herein, is defined as connected, although not necessarily directly, and not necessarily

mechanically. The term “program” or “computer program” or similar terms, as used herein,
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is defined as a sequence of instructions designed for execution on a computer system. A
“program’”, or “computer program’”, may include a subroutine, a program module, a script, a
function, a procedure, an object method, an object implementation, in an executable
application, an applet, a servlet, a source code, an object code, a shared library/dynamic load
library and/or other sequence of instructions designed for execution on a computer system.

" “certain embodiments”

> N 2

[0656] Reference throughout this document to "one embodiment

1 ¢
2

27 KL

"an embodiment”, “an implementation”, “an example” or similar terms means thata
particular feature, structure, or characteristic described in connection with the embodiment is
inciuded in at least one embodiment of the present disclosure. Thus, the appearances of such
phrases or in various places throughout this specification are not necessarily all referring to
the same embodiment. Furthermore, the particular features, structures, or characteristics may
be combined in any suitable manner in one or more embodiments without Hmitation.

[0857] The term “or” as used herein is to be interpreted as an inclusive or meaning any one
or any combination. Therefore, “A, B or C” means “any of the following: A; B; C; A and B;
Aand C; Band C; A, B and C”. An exception to this definition will occur only when a
combination of elements, functions, steps or acts are in some way inherently mutually
exclusive.

100658] Discussions are underway in the Advanced Television Systems Committee (ATSC)
to build a broadcast system based on IP packets. Certain embodiments of the present
disclosure are related to how the Internet operates in delivering time and the lesson is the
more accurate a receiver knows time, the faster data can be passed through that channel.
ATSC has organized a group to look at this system time with requirements, including (1) the
receiver should be able to determine from the broadcast how much (if any) the receiver’s
local time interval varies from a (fixed, defined) interval in the broadcast {(provide a time

reference that is knowable to the receiver such that it can sufficiently reconstruct a time clock
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with accuracy), (2) how much accuracy/precision in time recovery, and (3} efficiency point of
no more bits/sec is allocated than necessary.

[0059] Two key things needed for fast operation to occur are (1) time frequency and (2) time
phase. Once these are recovered, fast operation can occur. As described in further detail
below, a receiver recovers the time frequency and time phase from a transmitted waveform,
which in certain embodiments, includes predetermined time points such as “ticks” or
“marks.” The time frequency indicates the distance between the predetermined time points.
10660] Previous solutions include those directed to the MPEG-2 TS and its header
description of time involving a 99 kHz clock. Now with IP, Coordinated Universal Time
(UTC) or International Atomic Time (TAI) based time knowledge is key. For example,
mobile devices must know when to turn on/off and which time the received packets apply to.
Some methods include those that supply a “tick” at the beginning of every preamble and the
description of that “tick” in the preamble using a precision time protocol (PTP) like
description of a UTC clock. Certain embodiments of the present disclosure describe when
the next packet will come, i.¢e., the frequency of the time “tick”. That description of time has
some use cases like: Middle layer has chosen Real-time Object delivery over Unidirectional
Transport (ROUTE} and MPEG Media Transport (MMT) protocols. Both require time to be
known. There is a need to align media delivery to system time with < 1 millisecond
resolution and << I millisecond accuracy to accurately place media relative to emission time.
The more accurately time is known, specifically UTC or TAI based time in certain
embodiments, the faster data can be pushed through the “pipe” and up the stack for
presentation. For example, buffer sizes can be reduced, data from different delivery paths
can be matched (assembled) more easily, etc.

100611 ATSC 3.0 hybrid operation requires system time to be known to synchronize data

between Over the Air (OTA) and Over the Top (OTT) delivery paths. Broadcast time will be
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more accurate than Internet time. Accordingly, correct determination of OTA emission time
may be essential.

[0062] ATSC Candidate Standard A/321 Part I (System Discovery and Signaling, Doc. §32-
2314, May 6, 2015), which 1s incorporated herein by reference in its entirety, uses a
bootstrap as a universal entry point to finding a broadcast waveform {or ATSC 3.0
waveform). The bootstrap has a known fixed sampling frequency that signals a preamble
sampling frequency. Starting with the equation used to determine the sample rate post-
bootstrap, embodiments of the present disclosure derive when the next time “tick” can occur
on any 1 millisecond boundary. This level of accuracy is needed due to OFDM symbol
fengths being time aligned or symbol parameter aligned. Time frequency will follow every
bootstrap, but the description of the “tick” to UTC or TAl based time does not have to be in
every bootstrap.

[0863] Embodiments of the present disclosure enable a reception apparatus to obtain
sampling frequencies to millisecond accuracy rather easily and exploit this attribute of zero
sub kilo-Hertz (e.g, 6.912000 MHz or 6.144000 MHz). Although the “tick” is described in
certain embodiments as corresponding to the first bit of the preambile, the time “tick” does not
have to be a rising edge of the first preamble symbol. For example, the “tick” can be a flag in
the bootstrap, a bit usage, or any “mark” of time which occurs in a set time interval.

10664] In certain embodiments, time information is sent in a broadcast over the air system
which can be referenced by receivers, including those with Internet connections. This can
apply to any system that is trying to recover time of sent packets/transport streams.

[0065] Referring now to the drawings, FIG. 1 is a block diagram that shows an exemplary
broadcast system 2, including a content provider 10, a reception apparatus 20, and a server
49. The reception apparatus 20 accesses the server 40 via one or more communication

networks such as the Internet 30.
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[6666] The content provider 10, which may be a broadcaster or other service provider,
provides content and/or other data to the reception apparatus 20. The content and/or other
data are transmitted using a plurality of transmission frames (or ATSC 3.0 frames). An
exemplary transmission frame is illustrated in FIG. 2A. As illustrated 1n FIG. 2A, the
transmission frame includes a bootstrap, a preamble, and a payload.

[0667] The content provider 10 transmits, or otherwise, provides the content and/or other
data to the reception apparatus 20 via a terrestrial broadcast according to one embodiment. In
other embodiments, the content provider 10 provides the content via at least one of a satellite
broadcast, a cable television transmission, a terrestrial television broadcast, celiular network,
and data communication network such as a local area network (LAN), wide area network
(WAN), or the Internet 30. The content provider 10 includes a transmission apparatus that
performs transmission of the content and/or other data, which form one or more services.

The transmission apparatus transmits a stream of target data, such as image data or audio data
which form the service such as a program {(e.g., television broadcasting program) through a
transmission channel. The stream of target data is transmitted as a digital broadcasting signal
according to one embodiment.

[0068] The transmission apparatus may be implemented to transmit data based on Advanced
Television Systems Committee standards (ATSC) or DVB (Digital Video Broadcasting).
ISDB (Integrated Services Digital Broadcasting), or in other manners. As the transmission
channel, a ground radio wave, a satellite channel, a cable television network (wired
communication line) and the like may be employed.

[0069] The content provided by the content provider 10 includes one or more television
programs, without regard to whether the content is a movie, sporting event, segment of a
multi-part series, news broadcast, etc. Further, the content provided by the content provider

10 may also include advertisements, infomercials, and other program-like content which may
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not be reported as a program in an EPG. The content provider 10 may also provide content
that contains only audio or only video.

[0076] The reception apparatus 20 receives the content and/or other data transmitted, or
otherwise provided, by the content provider 10 and displays the content on a display. The
display (e.g., a liquid crystal display, organic light emitting diode display, projector, etc.) may
be an integral part of the reception apparatus 20 such as a television set. Alternatively, the
display may be external to the reception apparatus 20 such as a television set connected to a
set top box. In one embodiment, the reception apparatus 20 receives the digital broadcasting
stgnal which has been transmitted from the transmission apparatus through the transmission
channel, and processes the digital broadcasting signal to recover an original stream. Then,
the reception apparatus 20 outputs the original stream obtained through the recovery
processing. For example, the reception apparatus 20 outputs data of the image or audio as a
component forming the service.

[6671] The server 40 stores additional content that may or may not be related to the content
received from the content provider 10. Although the server 40 is illustrated as a separate
component of the system in FIG. 1, it should be noted that the server 40 may be incorporated
in the content provider 10 in certain embodiments.

10672] FIG. 2B is a diagram illustrating an example of a protocol stack used for broadcasting
by the transmission apparatus of the content provider 10, according to one embodiment. FIG.
2B illustrates a data structure of data (e.g., packet and frame) handled in the transmission
apparatus. In the transmission apparatus, data of a first layer (physical layer) L1, a second
layer (data link layer) L2, and a third layer (network layer) L3 in the Open Systems
Interconnection {(OSI) reference model is handled.

[0673] In FIG. 2B, an IP packet is data of the third layer 1.3, and a Generic packet is data of

the second layer L.2. A base band (BB) frame, a FEC frame, and a physical layer frame

12



WO 2016/196059 PCT/US2016/033779

{physical frame) are data of the first layer L1, In the transmission apparatus in FIG. 1, data
broadcasting is performed by using IP packets. The IP packet is formed from an IP header
and a data field. Data such as an image and audio is placed in the data field of the IP packet.
In the transmission apparatus, the Generic packet is formed {generated) from the IP packet.
The Generic packet is formed from a Generic header and payload. One or a plurality of IP
packets is placed in the payload of the Generic packet.

10074 In the transmission apparatus, a BB frame is formed from the Generic packet. The
BB frame is formed from a BB header (Baseband Frame Header) and payload. Oneof'a
plurality of Generic packets is placed in the payload of the BB frame. In the transmission
apparatus, BB frames are scrambled in a unit of one or a plurality of BB frames as necessary,
and a parity bit for error correction of the physical layer is added to the scrambled BB frame.
Thus, a FEC frame is formed.

[0675] In the transmission apparatus, processing of the physical layer, sach as mapping on a
signaling point in bit-interleave or constellation, and interleaving in a time domain or a
frequency domain is performed on FEC frames in a unit of one or a plurality of FEC frames
as necessary. In the transmission apparatus, a preamble is added to the processed FEC frame
which is subjected to processing of the physical layer, and thus a physical layer frame is
formed. That is, the physical layer frame is formed from the preamble (BS) and payload.
The post processed FEC frame is placed in the payload of the physical layer frame.

[6676] In FIG. 2B, the physical layer frame has a "BS (Boot Strap)" and a "Preamble” as the
preamble, simifarly to an ATSC frame of ATSC 3.0, for example. Here, the "BS" is referred
to as a first preamble BS and the "Preamble” is referred to as a second preamble Preamble.
The first prearnble BS corresponds to a P1 symbol which constitutes a T2 frame of DVB-T.2,

for example. The second preamble Preamble corresponds to a P2 symbol which constitutes
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the T2 frame, for example. The payload of the physical layer frame corresponds to a data
symbol constituting the T2 frame, for example.

[0077] The physical layer frame structure used in DVB-T2 or ATSC 3.0 is formed to have a
signaled length. Regarding the physical layer frame, the payload may be processed after the
preamble is processed. That is, the reception apparatus 20 receives the physical layer frame
and demodulates a preamble of the received physical layer frame. The reception apparatus
20 performs processing on the payload of the physical layer frame by using the preamble of
the physical layer frame, and recovers the FEC frame, the BB frame, the Generic packet, and
the IP packet from the physical layer frame in this order. The preamble of the physical layer
frame is necessary for processing for the payload of the physical layer frame. For this reason,
in the reception apparatus 20, when reception is started in the middle of the physical layer
frame, data recetved during a period of time from when the reception 1s started until the
preamble is obtained is deleted.

[6678] As noted above, FIG. 2A illustrates an exemplary transmission frame , such as the
physical layer frame described above with respect to FIG. 2B. As described in ATSC
Candidate Standard A/321 Part 1, the bootstrap provides a universal entry point into a
broadcast waveform {or ATSC waveform). The bootstrap employs a fixed configuration
(e.g., sampling rate, signal bandwidth, subcarrier spacing, time-domain structure} known to
all receiver devices and carries information to enable processing and decoding the wireless
service associated with a detected bootstrap. This new capability ensures that broadcast
spectrum can be adapted to carry new services and/or waveforms that are preceded by the
universal entry point provided by the bootstrap for public interest to continue to be served in
the future.

[0678] The bootsirap includes a number of symbols, beginning with a synchronization

symbol! positioned at the start of each frame period to enable service discovery, coarse

14
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synchronization, frequency offset estimation, and initial channel estimation. The remainder of
the bootstrap contains sufficient control signaling to permit the reception and decoding of the
remainder of the frame to begin. In one embodiment, the bootstrap uses a fixed sampling rate
of 6.144 Msamples/second and a fixed bandwidth of 4.5 MHz, regardless of the channel
bandwidth used for the remainder of the frame. The time length of each sample of the
bootstrap is fixed by the sampling rate.

10080 In the broadcasting method such as ATSC 3.0, when time information for
synchronizing a transmission side with a reception side is transmitted, efficient transmission
of the time information is required. Efficient transmission of information regarded as
overhead other than the time information may also be required. Considering such
circumstances, the present technology is to enable efficient transmission of time mformation
and the like.

[0081] In certain embodiments, time information is carried in the preamble. The preambile is
used because the preamble and payload use the same sampling frequency in certain
embodiments. For example, the time information is carried in L1 signaling. A reference time
corresponds to when a first bit of the preambile 1s transmitted on air. In one embodiment, the
transmission apparatus creates and transmits a physical layer frame having a preamble that
includes the time information representing a time of a predetermined location within a stream
of a physical layer frame, which includes a preamble and a payload. In another embodiment,
the transmission apparatus creaies and transmits a physical layer frame having a preamble
that includes a time information descriptor. A reception apparatus receives the physical layer
frame and performs processing by using the time information included in the time
information descriptor. The time information descriptor includes a time information flag
representing the existence of the time information that represents the time of a predetermined

location within the stream of the physical layer frame having the preamble and the payload.
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The time information descriptor further includes time information when the time information
flag indicates that the time information exists. These technologies, for example, can be used
in IP packet broadcasting.

[0082] The time information is provided in accordance with the PTP according to one
embodiment. PTP is defined in IEEE 1588, which is incorporated herein by reference in its
entirety. The time information is used to inform the reception apparatus 20 of UTC or TAI
based epochs and may or not be provided every frame. When the time information is not
provided for each frame, the time information may be provided every other frame, every four
frames, etc. In one embodiment, the time information is represented by 80 bits, which is
divided into 48 bits for the seconds field and 32 bits for the nanoseconds field. The UTC can
be calculated by sending an offset from true wall-clock {e.g., 8 bits). In another embodiment,
the time information may be provided in accordance with 3GPP TS 36 331, which is
incorporated herein by reference in its entirety. In this case, the time information would be
epresented by 56 bits and would be less accurate than PTP (10 millisecond units). In another
embodiment, the time information may be provided using the Network Time Protocol (NTP)
or UTC (or TAT based time). The time could be calculated by sending an offset from any
epoch.

10083] Embodiments of the present disclosure are described using the UTC or TAT based
time as a time reference because UTC or TAI based time does not have leap second problems
and is extremely accurate. However, other time references may be used in other
embodiments,

[0084] FIG. 3 illustrates the reception apparatus 20 according to one embodiment. The
reception apparatus 20 includes a digital television receiver device that is incorporated into a

fixed or mobile device such as a television set, a set top box, smartphone, tablet computer,
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laptop, portable computer, vehicle entertainment system, or any other device configured to
receive television content.

[0085] The reception apparatus 20 includes a tuner/demodulator 302, which receives digital
television broadcast signals from one or more content sources {e.g., content provider 10) via,
for example, a terrestrial broadcast. Depending on the embodiment, the reception apparatus
20 may alternatively or additionally be configured to receive a cable television transmission
or a satellite broadcast. The tuner/demodulator 302 receives a signal, including for example
IP packets, which may be demultiplexed by the demultiplexer 304 or handled by middleware
and separated into audio and video (A/V) streams. The audio is decoded by an audio
decoder 310 and the video is decoded by a video decoder 314, Further, uncompressed A/V
data may be received via an uncompressed A/V interface {e.g., a HDMI interface), if
available.

[0086] In one embodiment, the recetved signal (or stream) includes supplemental data such
as one or a combination of closed caption data, a triggered declarative object (TDO), a
trigger, a virtual channel table, electronic program guide (EPG) data, non-real-time (NRT)
content, etc. Examples of the TDO and trigger are described in ATSC Candidate Standard:
Interactive Services Standard (A/105:2014), $13-2-38917, which is incorporated herein by
reference in its entirety. The supplemental data are separated out by the demultiplexer 304,
However, the A/V content and/or the supplemental data may be received via the Internet 330
and a network interface 326.

[0087] A storage unit may be provided to store non real time content (NRT) or Intemnet-
delivered content such as Internet Protocol Television (IPTV). The stored content can be
played by demultiplexing the content stored in the storage unit by the demultiplexer 304 in a

manner simifar to that of other sources of content. Alternatively, the stored content may be
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processed and presented to the user by the CPU 338. The storage unit may also store any
other supplemental data acquired by the reception apparatus.

[0088] The reception apparatus generally operates under control of at least one processor,
such as the CPU 338, which is coupled to a working memory 340, program memory 342, and
a graphics subsystem 344 via one or more buses {e.g., bus 350). The CPU 338 receives
closed caption data from the demultiplexer 304 as well as any other supplemental data used
for rendering graphics, and passes appropriate instructions and data to the graphics subsystem
344. The graphics outputted by the graphics subsystern 344 are combined with video images
by the compositor and video interface 360 to produce an output suitable for display on a
video display.

[0089] Further, the CPU 338 operates to carry out functions of the reception apparatus
including the processing of NRT content, triggers, TDOs, EPG data, etc. For example, the
CPU 338 operates to execute script objects {control objects) contained in the TDO, its
trigger(s), etc., using for example a Declarative Object (DO) Engine stored in the program
memory 342. The CPU 338 is also configured to determine a system time frequency, as
further described below. The CPU determines the system time frequency based on
information received from the tuner/demodulator 302 according to one embodiment,

10696] Although not illustrated in FIG. 3, the CPU 338 may be coupled to any one or a
combination of the reception apparatus 20 resources to centralize control of one or more
functions. In one embodiment, the CPU 338 also operates to oversee control of the reception
apparatus 20 including the tuner/demodulator 302 and other television resources.

[0091] FIG. 4A illustrates a flow diagram of an exemplary method for determining the time
frequency. As illustrated in FIG. 4A, in step S402, circuitry {e.g., the tuner/demodulator 302
implemented by the circuitry) of the reception apparatus 20 receives a plurality of

transmission frames, including a first transmission frame. An example of the plarality of
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transmission frames is tlustrated in FIG. 2B, as described above. In one embodiment, the
tuner/demodulator 302 receives a broadcast wave form (e.g., a digital television broadcast
signal} and provides information extracted from the broadcast wave form to the CPU 338.
The tuner/demodulator 302 provides one or more hootstrap symbols to the CPU 338. The
tuner/demodulator 302 also provides the preamble and payload to the CPU 338 in certain
embodiments.

10092 In step S404, the circuitry (e.g., the CPU 338 implemented by the circuitry) of the
reception apparatus 20 optionally determines a baseband sample rate coefficient N signaled in
the bootstrap and/or a time length TL of the first transmission frame. This step may be
omitted if the baseband sample rate coefficient N and/or the time length TL was previously
determined according to one embodiment. In one embodiment, the baseband sample rate
coefficient N is signaled in bootstrap symbol 2 of the first transmission frame. In this case,
the CPU 338 may determine the baseband sample rate coefficient N based on the bootstrap
symbol 2. However, the baseband sample rate coefficient N may also, or alternatively, be
signaled in other bootstrap symbol numbers or in a bootstrap of another transmission frame.
[0623] The time length TL of the first transmission frame is determined based on
information received from a source that is external to the reception apparatus. In certain
embodiments, the time length TL defines the millisecond length of the frame within the range
50 to 5700, or 0 to 5700, inclusive. In this case, 13 bits could be used to describe the full
range of distances between bootstraps. However, other time length ranges may be utilized in
other embodiments. Further, in one embodiment, the time length TL is signaled in the
preamble of the first transmission frame or one or more other transmission frames.

10094] In step S406, the circuitry (e.g., the CPU 338 implemented by the circuitry) of the
reception apparatus 20 determines a time frequency based on the baseband sample rate

coefficient N signaled in the bootstrap and the time length TL of the first transmission frame.
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The circuitry of the reception apparatus 20 determines the time frequency based on the
following equation: (384%[N+16])* TL, where the time TL is defined in milliseconds. For
example, for a 6 MHz channel and 60 millisecond frame, and where N=2 and the distance
between bootstraps is 50 milliseconds, the equation yields 384*(2+16)*(50)=345600 samples
of payload sampling frequency.

[00695] The time frequency indicates a distance between the first transmission frame and the
second transmission frame. In one embodiment, the time frequency indicates a distance
between “ticks” or “marks” of time in a transmitted waveform, for example in the first and
second transmission frames, as illustrated for example in FIG. 6. In ATSC Candidate
Standard A/321, [384*(N-+16}] is a factor of samples N for a selected channel bandwidth to
guarantee zero mean and zero jitter, and define distance in exact milliseconds. The “ticks” or
“marks” may be present in each frame or in select frames. In one embodiment, when the
“ticks” or “marks” are only present in select frames, the first and second transmission frames
are separated by one or more other transmission frames that do not contain “ticks” or “marks”
therein.

[0096] In certain embodiments, the circuitry of the reception apparatus 20 adjusts a clock
{e.g., a clock for video decoding, CPU video processing) used in the middle layer to process
the plurality of transmission frames. Such processing may include decoding of content for
presentation to a user, or delivery and signaling of payload.

100697] FIG. 4B illastrates a flow diagram of an exemplary method for receiving transmission
frames transmitted on one millisecond boundaries. As illustrated in FIG. 4B, in step S452,
circuitry {e.g., the tuner/demodulator 302 implemented by the circuitry) of the reception
apparatus 20 receives a stream of transmission frames. The transmission frames are
transmitted on one millisecond boundaries. Further, each of the transmission frames includes

a bootstrap, a preamble, and a payload.
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[0698] In step S454, the circuitry (e.g., the CPU 338 implemented by the circuitry) of the
reception apparatus 20 determines an absolute point of time at a predetermined position in a
stream of the transmission frames based on first time information included in a first one of
the transmission frames. The first time information may correspond to any of the time
information further described below.

[0699] In certain embodiments, the absolute point of time is when a portion of the stream at
the predetermined position is transmitted according to one embodiment. Further, the first
time information is included in the preamble of the first one of the transmission frames. In
one embodiment, the absolute point of time indicates a time at which a first symbol of the
bootstrap in the first one of the transmission frames was transmitted. The first symbol may
be aligned with one of the one millisecond boundaries on which the first one of the
transmission frames is transmitted. Moreover, in one embodiment, only a subset of the
transmission frames includes time information that indicate absolute points of time at
different predetermined positions in the stream of the transmission frames. For example, the
time information for each of the subset of the transmission frames indicates a timing
associated with a predetermined position of the respective transmission frame.

{06160} FIG. 5A illustrates a flow diagram of an exemplary method for providing the
plurality of transmission frames. As illustrated in FIG. 5A, in step S502, circuitry of an
information providing apparatus {e.g., implemented by the transmission apparatus at the
content provider 10) generates a plurality of transmission frames based on a frame time
fength TL. As described above, each of the transmission frames includes a bootstrap, a
preamble, and a payload. As described above, the bootstrap for one, a subset, or all of the
plurality of transmission frames signals a baseband sample rate coefficient N that is used by
the reception apparatus 20 to determine the time frequency. Further, in certain embodiments,

the frame time length TL may be signaled by the circuitry of the information providing
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apparatus in one or more of the transmission frames. For example, the frame time length TL
may be signaled in the preamble of one of more of the plurality of transmission frames.
Further, it 1s noted that the frame time length TL may change over time.

100161} In step S504, the circuitry of the information providing apparatus optionally
determines the time frequency of the plurality of transmission frames, for example when the
time frequency has not been determined. Further, in step S506, the circuitry of the
information providing apparatus transmits the plurality of transmission frames according to
the time frequency. In one embodiment, the information providing apparatus transmits the
plurality of transmission frames in accordance with the proposed ATSC 3.0 physical layer
architecture as illustrated in FIG. 7.

[00102] FIG. 5B tllustrates a flow diagram of an exemplary method for providing a stream
of transmission frames, which are transmitted on one millisecond boundaries. As illustrated
in FIG. 5B, in step S552, circuitry of an information providing apparatus {e.g., implemented
by the transmission apparatus at the content provider 10) generates time information,
including first time information that indicates an absolute point of time at a predetermined
position in the stream of the transmission frames. The first time information may correspond
to any of the time information further described below.

106103} In certain embodiments, the absolute point of time is when a portion of the stream at
the predetermined position is transmitted according to one embodiment. Further, the first
time information is included in the preamble of a first one of the transmission frames. In one
embodiment, the absolute point of time indicates a time at which a first symbol of the
bootstrap in the first one of the transmission frames is transmitted. The first symbol may be
aligned with one of the one millisecond boundaries on which the first one of the transmission
frames is transmitted. Moreover, in one embodiment, only a subset of the transmission

frames includes time information that indicate absolute points of time at different
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predetermined positions in the stream of the transmission frames. For example, the time
information for each of the subset of the transmission frames indicates a timing associated
with a predetermined position of the respective transmission frame.

100104} In step S554, the circuitry of the information providing apparatus (e.g., implemented
by the transmission apparatus at the content provider 10) generates a plurality of transmission
frames. The generated time information is included in a first one of the transmission frames.
As described above, each of the transmission frames includes a bootstrap, a preamble, and a
payload.

1006105] In step S556, the circuitry of the information providing apparatus transmits the
plurality of transmission frames on one millisecond boundaries. In one embodiment, the
information providing apparatus transmits the plurality of transmission frames in accordance
with the proposed ATSC 3.0 physical layer architecture as tllustrated in FIG. 7,

[06106] FIG. 7 illustrates an ATSC 3.0 physical layer architecture according to one
embodiment. ATSC 3.0 is expected to improve and add functionality for broadcast
television. A framer 700 combines multiple input streams into a frame with many physical
layers or pipes. The scheduler 702 and scrambler 704 place the frames in a selected order
and scrambles data per pipe. A forward error correction unit 706 adds information data
protection per pipe. A bit interleaver 708 randomizes data bit placement within a pipe to
reduce a channel’s effect. A mapper unit 710 assigns a group of data bits to a symbol per
pipe. A time interleaver unit 712 randomizes symbols per pipe to reduce the channel’s effect.
An OFDM framer 714 combines multiple inputs into a single stream and format it is frames.
A frequency interleaver 716 randomizes data cells to reduce the channel’s effect. A pilots
insertion unit 718 inserts pilots and reserved tones for channel estimation and
synchronization. Then, the preamble that includes the a-priori information may be inserted.

An IFFT unit 722 generates the COFDM waveform. The GI insertion unit inserts a repeated
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portion of the COFDM wavetorm. The guard interval is used to combat IS and inter-carrier
interference (ICI) caused by delay spread in a communication channel. The Gl length may be
chosen to match the level of multipath expected. For example, in digital audio broadcasting
(DAB), the guard interval length is chosen as one fourth of the receiver integration period.
DVB-H and ISDB-T support four different guard lengths of 1/4, 1/8, 1/16, and 1/32 of a
COFDM symbol or frame data. Control information provides the COFDM with parameters.
For example, the control information may indicate the level of protection for certain data.
The modulation type is then chosen according to the level of protection. For example, for
high protection the modulation type is chosen as QPSK.

106107 FIG. 8 is a diagram illustrating time information. In the transmission system in FIG.
1, as described in FIG. 2B, a physical layer frame in the transmission apparatus 10 is formed
from an 1P packet and a stream of physical layer frames is transmitted to the reception
apparatus 20.

{66168} In the IP packet, time information such as PCR of TS is not transmitted. For this
reason, it is desired that the time information is included in the stream of physical layer
frames such that the transmission apparatus 10 and the reception apparatus 20 are
synchronized with each other.

106109] Thus, the transmission apparatus 10 may cause time information to be included in
the stream of physical layer frames.

[06110] As tllustrated in FIG. 8, the time information may be included in the preamble of the
physical layer frame.

[00111] For example, in ATSC 3.0, bits of substantially 30 to 40 are assumed as the first
preamble BS of the preambles in the physical layer frame. Accordingly, the first preamble

BS may not have the sufficient number of bits for including the time information.
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100112} The time information may be included in the second preamble Preamble of the
preambles in the physical layer frame.

[00113] The time information indicates an absolute point of time at a predetermined position
in the stream of physical layer frames. The point of time at the predetermined position in the
stream refers to a point of time at a predetermined timing in the middie of when bits at the
predetermined position are processed by the transmission apparatus 10. Examples of a point
of time at a predetermined timing in the middle of when bits at the predetermined position are
processed by the transmission apparatus 10 include a point of time at a timing when bits at a
predetermined position are output from a certain block in the transmission apparatus 10, a
point of time at a timing when bits at a predetermined position are processed in a certain
block in the transmission apparatus 10, and the like.

100114] Here, a predetermined position in a stream of physical layer frames, at which time
information indicates a point of time is set as a time position.

[66115] As the time position, for example, a leading position (leading position of the first
preamble BS) of a physical layer frame having a preamble in which the time information is
included may be employed.

[06116] As the time position, for example, a position (a tail position of the first preamble
BS) (a leading position of the second preamble Preamble) of an interface between the first
preambie BS and the second preamble Preamble of a physical layer frame having a preamble
in which the time information is included may be employed.

106117} As the time position, for example, a tail position of the second preamble Preamble in
the physical layer frame having a preamble in which the time information is included may be
employed.

[00118] In addition, as the time position, a certain position of the physical layer frame may

be employed.
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100119] In the physical layer frame, a sampling frequency of the first preambie BS and a
sampling frequency of fields subsequent to the second preamble Preamble may be different
from each other. When the sampling frequency of the first preamble BS and the sampling
frequency of the field subsequent to the second preamble Preamble, a method of counting
time in the first preamble BS and a method of counting time in the fields subsequent to the
second preamble Preamble are different from each other. For this reason, when a leading
position of the first preamble BS is employed as the time position, regarding counting a time
by using the time position as a reference, the method of performing counting in the first
preambie BS and the method of performing counting in the fields subsequent to the second
preamble Preamble may be required to be changed. When a leading position of the second
preamble Preamble is employed as the time position, regarding counting of time by using the
time position as a reference, that 1s, counting of tirne in the fields subsequent to the second
preamble Preamble, the method of performing counting is not required to be changed.
166120} In FIG. 8, the leading position {position of the interface between the first preamble
BS and the second preamble Preamble) of the second preamble Preamble in the physical
layer frame having the preamble in which the time information is included is employed as the
time position.

106121} The preamble (first preamble BS and second preamble Preamble) isata
predetermined position of each physical layer frame, that is, at a leading thereof and is
necessarily processed at first when the physical layer frame is processed. Accordingly, it is
possible to easily acquire the time information included in the preamble and perform
processing on the acquired time information in the reception apparatus 20.

100122} Since a preambile is transmitted in a relative robust manner, such a preamble may be

also transmitted in the relative robust manner.
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[66123] Here, as the time information, any information of a point of time may be employed.
For example, information of a point of time defined by the NTP, information of a point of
time defined by Third Generation Partnership Project (3GPP), information of a point of time
defined by the PTP, information of a point of time included in Global Positioning System
{GPS) system, information of a point of time defined by other independent schemes, and the
like are included.

100124} FIG. 9 is a diagram illustrating a format of an NTP packet.

[06125] A 2-bit LI is an abbreviation of a Leap Indicator and indicates insertion of leap
seconds into the last one munute of the current month or removal of the leap seconds from the
fast one minute of the current month. A 3-bit VN is an abbreviation of a version number and
indicates a version of NTP. A 3-bit Mode indicates an operation mode of NTP.

[00126] An 8-bit Stratum indicates a class and is coded in accordance with the class. An §-
bit Poll indicates a polling interval, that is, the maximum interval (second unit) of continuous
NTP messages. An 8-bit Precision indicates accuracy of a system clock.

100127} Root Delay indicates a root delay, that is, indicates a round-trip delay upto a
reference point of time in an NTP short form. Root Dispersion indicates dispersion of delay
summation up to the reference point of time in the NTP short form. Reference 1D indicates
an identifier representing the reference point of time. In a broadcasting system, "0000"
indicating NULL may be stored in Reference 1D.

[06128] Reference Timestamp indicates a reference time stamp, that is, indicates a point of
time obtained by correcting a system time for the last time, in an NTP long form. Origin
Timestamp indicates a start time stamp, that is, indicates a point of time of a client when a
request 1s transmitted to a server from the client, in the NTP long form. In the broadcasting

system, "0" may be stored in Origin Timestamp.
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106129} Receive Timestamp indicates a reception time stamp, that is, indicates a point of
time of the server when the request is received from the client, in the NTP long form. In the
broadcasting system, "0" may be stored in Receive Timestamp. Transmit Timestamp
indicates a transmission time stamp, that is, indicates a point of time of the server when a
response is transmitted to the client, in the NTP long form.

106130} In addition, the NTP packet has Extension Field 1 and Extension Field 2 which are
fields for extension, Key Identifier, and dgst{message digest) as necessary.

106131} As the time information, 64-bit information of a point of time which is represented
by a similar form to the time stamp of the NTP packet such as Reference Timestamp may be
employed.

[00132] Here, regarding a point of time of the 64-bit information of the time stamp in the
NTP packet, there is a problem of discontinuous time due to leap seconds, but the 64-bit
information of the time stamp has sufficient granularity as the time information included in
the physical layer frame.

[00133] As the time information, in addition to the time stamp of the NTP packet,
information of a point of time defined by 3GPP, that is, for example, timeInfo-r11 which is
information of a point of time defined in 3GPP TS 36 331 may be employed.

100134} The timelnfo-r11 is formed by 56 bits of 39-bit timelnfoUTC-r11, 2-bit
dayLightSavingTime-r11, 8-bit leapSeconds-r11, and 7-bit localTimeOffset-ri1. The
timelnfo-r11 has slightly insufficient granularity as the time information included in the
physical layer frame. However, a problem of the leap seconds does not occur.

[00135] In addition, as the time information, information of a point of time defined by PTP,
that is, 80 bits of a PTP packet defined by IEEE1588 may be employed in order to represent a
point of time. 48 bits represent a point of time in a second unit and other 34 bits represents a

point of time in a nanosecond unit among the 80 bits of the PTP packet for representing a
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point of time. Thus, the information of a point of time defined by the PTP has sufficient
granularity as the time information included in the physical layer frame and it is possible to
represent an accurate point of time. From a view of the reception apparatus 10reproducing
the accurate point of time, the time information is desired to represent a more accurate point
of time. When the information of a point of time defined by PTP is employed as the time
information included in the physical layer frame, it is possible to transmit accurate time
information and to cause the reception apparatus 10 to reproduce an accurate point of time.
Regarding the information of a point of time defined by PTP, a problem of leap seconds does
not oceur.

[00136] FIG. 10 is a diagram illustrating an example of a placement position in the time
information

100137] In FIG. 8, the time information is placed (included) at the preamble of the physical
layer frame. However, the time information may be placed on parts other than the preamble
of the physical layer frame, for example, the payload of the physical layer frame.

100138} In FIG. 10, the time information is placed at a leading portion of the payload of the
physical layer frame.

[06139] When the time information is placed at a leading portion of the payload of the
physical layer frame, the reception apparatus 20 performs processing on the preamble (first
preambie BS and second preamble Preamble) of the physical layer frame and then can
acquire the time information placed at the leading portion of the payload.

100140] FIG. 11 is a diagram tllustrating a first placement example when the time
information is placed at the leading portion of the payload of the physical layer frame.
100141} In the first placement example, the time information is placed at payload of a

Generic packet at a leading portion of a BB frame which is positioned at a leading portion of
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payload of the physical layer frame, for the leading portion of the payload of the physical
layer frame.

[00142] FIG. 11 illustrates a structure example of the Generic packet.

100143} In the Generic packet in FIG. 11, 3-bit type information {Type) is configured at the
leading portion of the Generic header. Information regarding a type of data placed in the
payload of the Generic packet is configured in this type information.

[00144] When signaling information for signaling is placed in addition to the time
information in the payload of the Generic packet, "100" is set in the type information of the
Generic header. The next to the type information in which "100" is set, in the Generic header
is set as an 1-bit reserved region {Res:Reserved}, and a header mode (HM} is placed next to
the reserved area.

100145] When "0" is set in the header mode, subsequently, 11-bit length information (Length
{LLSB)) is placed. A length of the payload in the Generic packet is set in the length
information. When "1" is set in the header mode, subsequently, 16-bit length information
which is the summation of 11-bit length information (Length {LSB)) and 5-bit length
information {Length (MSB)) is placed, and a 3-bit reserved region (Res) is provided.

[06146] When "0" is set in the header mode, the length information (Length (L.SB)) has 11
bits. This 11-bit length information allows representing of a value in a range of 0 to
2047(=211-1) bytes as the length of the payload in the Generic packet. However, in the 11-
bit length information, it is impossible to represent a length of the payload equal to or greater
than 2048 bytes. Thus, when data being equal to or greater than 2048 bytes is placed in the
payload, "1" is set in the header mode. In this case, 1 byte is added as a region of the Generic
header and the length information has 16 bits. This 16-bit length information allows

representing of a length of the payload which is equal to or greater than 2048 bytes.
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166147} Subsequently to the Generic header configured as described above, the payload is
placed in the Generic packet. Here, since "100" is set in the type information of the Generic
header, signaling information including the time information is placed in the payload.
100148] FIG. 12 is a diagram illustrating type information of the Generic packet in FIG. 11,
[00149] When an IPv4 IP packet is placed in the payload of the Generic packet, "000" is set
in the type information. When a compressed IP packet is placed in the payload, "001" is set
in the type information. When an MPEG2-TS type TS packet is placed in the payload, "010"
is set in the type information.

100150] When the signaling information having the time information and the like is placed in
the payload, "100" is set in the type information. In FIG. 12, the type information having
three values of "011", "101", and "110" is set to be in a not-defined state (Reserved). When
extension of the type information is insufficient only in the not-defined state (Reserved) of
three values, "111" is set in the type information and thus {a region of) the type information
may be extended.

100151} FIG. 13 is a diagram illustrating a second placement example when the time
information is placed at a leading portion of the payload of the physical layer frame.

[06152] In the second placement example, the time information is placed at a header of a
Generic packet at a leading portion of a BB frame which is positioned at a leading portion of
payload of the physical layer frame, for the leading portion of the payload of the physical
layer frame.

[00153] FIG. 13 illustrates a structure exampie of the Generic packet.

[00154] As described in FIG. 11, type information regarding a type of data placed in the
payload of the Generic packet is set in 3-bit type information {Type) field at the leading

portion of the Generic header in the Generic packet.
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166155} In the second placement example, "000", "001", or "010" is set in the 3-bit type
information in the Generic header.

[00156] As described in FIG. 12, when "000" is set in the type information, an [Pv4 [P
packet is placed in the payload. When "001" is set in the type information, a compressed 1P
packet is placed in the payload. When "010" is set in the type information, a TS packet is
placed in the payload.

106157} In the Generic header, 1-bit packet configuration information (PC: Packet
Configuration) is placed next to the type information in which "000", "001", or "010" is set.
When "0" is set in the packet configuration information, the Generic header has a normal
mode, and 11-bit length information (Length) is place or 16-bit length information and 3-bit
reserved region {Res) are placed in accordance with a header mode (HM) placed next to the
packet configuration information. An IPv4 IP packet, a compressed IP packet, or a TS packet
is placed in the payload subsequent to the Generic header in accordance with the type
information of the Generic header.

100158] When "1" is set in the packet configuration information (PC), the Generic header
has a signaling mode, and length information (Length) is placed in accordance with a header
mode (HM) placed next to the packet configuration information. That is, when "0" is set as
the header mode, 11-bit length information (Length (LSB)) is placed next to the header mode.
The Generic header is extended, and signaling information (Signaling) including the time
information is placed next to the length information.

[00159] When "1" is set in the packet configuration information (PC), if "1" is set in the
header mode (HM), 16-bit length information (Length) and 3-bit reserved region (Res) are
placed subsequently to the header mode. The Generic header is extended, and signaling
information {Signaling) including the time information is placed next to the reserved region

{Res).
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100160] A region up to this signaling information is set as the Generic header {extension
header) and the payload is placed subsequent to the region. An IPv4 IP packetora
compressed 1P packet is placed in the payload i accordance with the type information of the
Generic header.

[00161] FIG. 14 is a diagram illustrating a third placement example when the time
information is placed at a leading portion of the payload of the physical layer frame.

100162} In the second placement example, the time information is placed at a BB headerof a
BB frame which is positioned at a leading portion of the payload of the physical layer frame,
for the leading portion of the payload of the physical layer frame.

100163} FIG. 14 illustrates a structure exampie of the BB frame.

[00164] In FIG. 14, the BB frame is formed from the BB header and the payload. A 1 or 2-
byte optional field and an extension field in addition to a 1 or 2-byte header may be placed in
the BB header.

[66165] A 1-bit mode (MODE) is configured at a leading portion of the header.

[00166] When "0" is set in the 1-bit mode (MODE), 7-bit pointer information (Pointer
{LLSB)) is placed. The pointer information is information for indicating a position of the
Generic packet placed in the payload of the BB frame. For example, when data of the
Generic packet placed at a tail of the BB frame is placed over the next BB frame, position
information of the Generic packet placed at a leading portion of the next BB frame may be
configured as the pointer information.

[06167] When "1" is set in the mode (MODE), 7-bit pointer information (Pointer{LSB)}, 6-
bit pointer information (Pointer(MSB}), and 2-bit optional flag (OPTLOPTIONAL) are
placed. The optional flag is information indicating whether or not the BB header is extended

by placing an optional field and an extension field.
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100168] When extension is performed by the optional field and the extension field, "00" is
set in the optional flag. When extension is performed only by the optional field, "01" or "10"
is set as the optional flag. When "01" is set in the optional flag, padding of 1 byte (8 bits) is
performed in the optional field. When "10" is set as the optional flag, padding of 2 bytes (16
bits} is performed in the optional field.

[06169] When extension with the optional field and the extension field is performed, "11" is
set as the optional flag. In this case, 3-bit extension type information (TYPE (EXT TYPE))
is configured at a leading portion of the optional field. Extension length information

(EXT Length (LLSB)) placed next to the extension type information and information
regarding a type (Extension type) of the extension field are configured in this extension type
information field.

100170 In the third placement example, signaling information including the time
information is placed in the extension field (extension header).

{66171} That is, in the third placement example, "11" is set as the optional flag (OPTT) and
extension with the optional field and the extension field is performed. In addition, "011" is
set in the extension type information (TYPE (EXT _TYPE)) of the optional field and the
signaling information including the time information is placed in the extension field.

100172] FIG. 15 is a diagram tllustrating the extension type information (TYPE

(EXT TYPE)) in FIG. 14.

100173] Extension length information (EXL_Length (L.SB}) placed next to the extension
type information, and information regarding a type of the extension field are configured in
the extension type mformation.

100174} That is, when the extension length information is placed and only stuffing bytes are
placed, "000" is set in the extension type information. When the extension length

information is not placed and an Input Stream Synchronizer (ISSY) is placed in the extension
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field, "001" is set in the extension type information. When the extension fength information
is placed, and stuffing bytes are placed along with the ISSY in the extension field, "010" is
set in the extension type information.

100175] When the extension length information is placed, and the signaling information
including the time information is placed in the extension field, "011" is set in the extension
type information. In this case, it is arbitrarily determined whether or not the stuffing bytes
are placed. In FIG. 15, the extension type information having "100" to "111" is in the not-
defined state (Reserved).

[06176] As described above, the time information may be placed at the leading portion of the
payload of the physical layer frame.

100177} FIG. 16 is a diagram illustrating order information.

[00178] Regarding the transmission system in FIG. 1, a method of performing processing
sequentially on BB frames is desired in the reception apparatus 20.

[66179] Thus, the transmission apparatus 10 may cause order information regarding an order
of the BB frames to be included in the BB frame.

[001868] The order information may be included in the BB header of the BB frame, as
illustrated in FIG. 16.

100181} Here, in the following descriptions, the time information is included in, for example,
the preamble (first preamble BS and second preamble Preamble) of the physical layer frame,
as illustrated in FIG. 8.

100182] FIG. 16 illustrates a structure exampie of the BB frame.

[00183] In FIG. 16, the BB frame is formed from a BB header and payload.

[00184] The BB header is formed by a 1 or 2-byte header (Base Header)

[00185] A 1 or 2-byte optional field and an extension field in addition to the header (Base

Header) may be placed in the BB header.
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[06186] A 1-bit mode (MODE) is configured at a leading of the header

[06187] When "0" is set in the 1-bit mode (MODE), 7-bit pointer information (Pointer
(LSB))is placed. The pointer information indicates a position of the Generic packet placed
in the payload of the BB frame, as illustrated in FIG. 14.

[06188] When "1" is set in the mode (MODE), 13-bit (7+6) pointer information (Pointer
(LSB) and Pointer (MSB}) and 2-bit optional flag (CPTLOPTIONAL) are placed.

100189] The 13-bit pointer information is formed from 7-bit pointer information (Pointer
(LSI3)) and 6-bit pointer information (Pointer (MSB)). The 7-bit pointer information
(Pointer (L.S13)) and the 6-bit pointer information (Pointer (MSB)) respectively represent
lower bits of the 13-bit pointer information and upper bits of the 13-bit pointer information.
The optional flag indicates whether or not the header is extended by placing an optional field
and an extension field, as illustrated in FIG. 14.

[00196] When extension is performed by the optional field and the extension field, "00" is
set in the optional flag. When extension is performed only by the optional field, "01" or "10"
15 set as the optional flag.

[00191] 3-bit extension type information {TYPE (EXT _TYPE)) regarding the extension field
{Extension Field) is configured at a leading of the optional field.

1061921 When "01" or "10" is set as the optional flag, "000" is set in the extension type
information. "00000" of S bits is set next to the 3-bit extension type information of "000" in
the optional field.

100193} When "10" is set as the optional flag, "00000000" of 8 bits is set in the optional
field, subsequent to the 3-bit extension type information of "000" and "00000" of 5 bits.
[00194] When "11" is set as the optional flag, the extension type information is configured in

accordance with a type of the extension field, and a 5-bit EXT Length (L.SB) field, or the 5-
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bit EXL Length (LSB) field and a 8-bit EXL. Length (MSB) field are configured subsequent
to the extension type information.

[00195] The EXT Length (LSB) represents 6 lower bits of information regarding the size of
the extension field, for example. The EXT Length (MSB) represents 8 upper bits of
information regarding the size of the extension field, for example.

[06196] When the extension type information (EXT TYPE) has a predetermined value,
there is no EXT Length (MSB). When the EXL Length (MSB) is presence, the size of the
extension field is represented by 13 bits obtained by setting the S-bit EXT Length (LSB) as
lower bits and setting the 8§-bit EXL. Length (MSB) as upper bits. When the EXL_Length
(MSB) is absence, the size of the extension field is represented only by the 5-bit EXT Length
(LSB)

100197] When extension with the optional field and the extension field is performed, "11" i3
set as the optional flag.

[606198] The order information is placed in the extension field (extension header} in
accordance with the extension type information (EXT TYPE)

[00199] That is, when the order information is included in the BB header of the BB frame,
"11" is set as the optional flag (OPTI) and extension with the optional field and the extension
field is performed. In addition, for example, "001" is set in the extension type information
(TYPE (EXT TYPE)) of the optional field, and the order information is placed in the
extension field.

100260] FIG. 17 is a diagram tllustrating the extension type information (EXT TYPE) in
FIG. 16 when the order information is included in the BB header of the BB frame.

100261} In FIG. 17, when the extension type information indicates "000", for example,

stuffing bytes are placed in the extension field.
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1662021 When the extension type information mdicates "001", for example, the order
information is placed in the extension field.

[00203] In FIG. 17, the extension type information having other values is in a reserved state.
100204} Generic packets placed in the payload of the BB frames are sequentially placed, and
IP packets which are placed in the payload of the Generic packets are also sequentially
placed.

100205} In this case, when an order of the BB frames is held by the order information, an
order of the Generic packets placed in the payload of the BB frames is also held and an order
of the IP packets placed in the payload of the Generic packets 13 also held.

100206} FIG. 18 is a diagram illustrating a first example of the order information.

[00207] For example, a clock counted value obtained by counting a predetermined clock
may be employed as the order information.

[00208] Here, in DVB-T2, DVB-C2, or DVB-S2, the ISSY is defined.

[66269] An Input Stream Clock Reference (ISCR) functioning as a time stamp is used as a
constituent of the ISSY.

[002108] The size of the ISSY is 2 bytes or 3 bytes, and the ISCR has two types of Short and
Long.

106211} The size of the Short ISCR 1s 15 bits, and the 15-bit Short ISCR along with 1-bit
identification information for distinguishing that the ISCR is a Short ISCR forms a 2-byte
{16-bit) ISSY.

100212} The size of the Long ISCR is 22 bits, and the 22-bit Long ISCR along with 2-bit
identification information for distinguishing that the ISCR is a Long ISCR forms a 3-byte

(24-bit) ISSY.
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106213} The ISCR is a counted value obtained by counting a sampling clock. The clock
counted value which is information similar to such an ISCR may be employed as the order
information.

100214} In FIG. 18, for example, in the transmission apparatus 10, a system clock of the
transmission apparatus 10 is counted by a counter, and, for example, a 24-bit clock counted
value obtained by counting the system clock is output.

100215} As the order information included in the BB header of the frame, for example, a
clock counted value output by the counter when the BB frame is formed may be employed.
100216] When the clock counted value is employed as the order information, the order of BB
frames (or, Generic packets and 1P packets) may be held in the reception apparatus 20 by
using the clock counted value as the order information. In the reception apparatus 20, a time
interval between the BB frames may be adjusted (held).

[00217] When, for example, the 24-bit clock counted value is employed as the order
information as described above, if a clock which is counted by the counter is a clock having
6.144 MHz similarly to a sampling clock of ATSC 3.0, 1/(6.144 MHz)x224=2.73 (seconds)
may be counted in a case of the 24-bit clock counted value.

[06218] When, for example, a 16-bit clock counted value is employed as the order
information, if a clock which is counted by the counter is a clock having 6.144 MHz, 1/(6.144
MHz)x216=10.6 (milliseconds) may be counted in a case of the 16-bit clock counted value.
[66219] When a clock counted value obtained by counting a clock of 6.144 MHz is
employed as the order information, it is desired that the clock counted value has 24 bits (3
bytes) not 16 bits, considering the length of the physical layer frame.

100226} FIG. 19 is a diagram illustrating a second example of the order information.
[00221] As the order information, for example, an offset point of time may be employed.

The offset point of time represents a relative point of time at a position of the BB frame by
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using a point of time at a predetermined position in a stream of physical layer frames
including BB frames.

[00222] As the predetermined position, for example, a time position at which time
information in which the preamble of the physical layer frame is included represents a point
of time, that is, for example, a position of a leading of the second preamble Preamble may be
employed.

100223} In this case, the offset point of time as the order information included in the BB
header of the BB frame is set as a point of time at the position of the BB frame by using a
point of time represented by the time information included in the preamble of the physical
layer frame including the BB frame, as a reference.

[00224] In FIG. 19, a point of time at a postition of the first BB frame (BBF) in the payload
of the physical layer frame 1s 50.5 milliseconds if a point of time at a time position
represented by the time information included in the preamble of the physical layer frame i3
set as a reference.

100225} In FIG. 19, if a point of time at the time position represented by the time information
included in the preamble of the physical layer frame is set as a reference, a point of time at a
position of the second frame (BBF) in the payload of the physical layer frame is 73.79
milliseconds.

106226} Here, if a unit time of the offset point of time as the order information is, for
example, 10 microseconds, for example, and if the offset point of time is 16 bits (2 byte), a
time of 0.65536 seconds (about 655 milliseconds)=10 microsecondsx216 may be represented.
[00227] 0.65536 seconds is a period of time which is equal to or greater than the maximum
length of the physical layer frame and the like of ATSC 3.0, for example. Accordingly, using
of the 16-bit offset point of time as the order information allows a point of time of each of the

BB frames to be represented by using a point of time at the time position represented by the
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time information incladed in the preamble of the physical layer frame in which the BB frame
is included, as a reference.

[00228] FIG. 20 is a diagram illustrating an example of a method of generating the 16-bit
offset point of time as the second example of the order information

[06229] In FIG. 20, for example, in the transmission apparatus 10, the time position, that is,
a difference between a point of time at a position of the leading of the second preamble of the
physical layer frame and a point of time at a position of the leading of the BB frame (BBP)
included in the physical layer frame is calculated as the 16-bit offset point of time by a
calculation unit.

106238] When the offset point of time is employed as the order information, an orderor a
time interval of BB frames may be held in the reception apparatus 20 by using the clock
counted value as the order information, similarly to a case where the clock counted value 1s
employed.

{66231} FIG. 21 is a diagram illustrating a third example of the order information.

[00232] For example, a frame counted value obtained by counting BB frames may be
employed as the order information.

106233} In FIG. 21, for example, BB frames formed by the transmission apparatus 10 are
counted by the counter in the transmission apparatus 10, and an 8-bit frame counted value
obtained by counting the BB frames is output.

166234] As the order information included in the BB header of the frame, for example, the
frame counted value output by the counter when the BB frames are formed may be employed.
[00235] When the frame counted value is employed as the order information, an order of BB
frames may be held in the reception apparatus 20 by using the frame counted value as the
order information, similarly to a case where the clock counted value or the offset point of

time is employed. However, when the frame counted value is employed as the order
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information, it is difficult to hold a time interval between BB frames in the reception
apparatus 20.

[00236] When the frame counted value is employed as the order information, the frame
counted value is sufficient for holding an order of BB frames in each physical layer frame, as
long as the maximum number of BB frames included in the physical layer frame is counted.
106237} Accordingly, the size of the frame counted value may be, for example, 8 bits (1
byte).

106238} Here, for example, as in this embodiment, when 24 bits, 16 bits, and 8 bits are
respectively used as the sizes of the clock counted value, the offset point of time, and the
frame counted value, the 8-bit frame counted value is the most advantageous, from a view of
a small overhead of the BB frame.

100239] FIG. 22 1s a block diagram illustrating a structure example of the transmission
apparatus 10 i FIG. 1

166240} In FIG. 22, the transmission apparatus 10 includes an order information acquisition
unit 61, a time information acquisition unit 62, a preamble generation unit 63, a component
acquisition unit 64, an encoder 65, a frame generation unit 66, a transmission unit 67, and an
antenna 68,

106241} The order information acquisition unit 61 acquires {generates) the order information
and supplies the generated order information to the frame generation unit 66.

106242} The time information acquisition unit 62 acquires the time information and supplies
the generated time information to the preamble generation unit 63. The time information is
acquired as follows. That is, if packets necessary for forming of the BB frame are arrived to
a scheduler {(not illustrated), a physical layer frame formed to include the BB frame is
obtained, and a point T of time at the leading of the second preamble Preamble of the

obtained physical layer frame is obtained from a point t of time when the BB frame is
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generated by the frame generation unit 66. The point T of time is supplied to the time
information acquisition unit 62 as a control signal from the scheduler. The time information
is included in the second preamble Preamble by the preamble generation unit 63 which will
be described later. The time information may be used in SFN synchronization.

[00243] The preamble generation unit 63 generates a preamble (first preamble BS and
second preamble Preamble) including the second preamble Preamble including time
information from the time information acquisition unit 62, and supplies the generated
preamble to the frame generation unit 66.

[66244] The component acquisition unit 64 acquires data of an image or sound as a
component constituting a service (for example, program}, and supplies the acquired data to
the encoder 65.

100245] That is, the component acquisition unit 64 acquires contents corresponding to a
broadcasting time zone, from a storage place of contents which have been stored already, or
acquires live contents from a studio or a focation place. The component acquisition unit 64
supplies (data of) the acquired contents to the encoder 65.

[00246] The encoder 65 codes data of an image or sound which is supplied from the
component acquisition unit 64, in a predetermined encoding method. The encoder 65
supplies the coded data to the frame generation unit 66 in, for example, a form of an IP
packet.

106247} The frame generation unit 66 generates (forms) a physical layer frame by
appropriately using the order information from the order information acquisition unit 61, the
preamble from the preamble generation unit 63, and the IP packet from the encoder 64. The
frame generation unit 66 supplies the generated physical layer frame to the transmission unit

67.
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[06248] That is, the frame generation unit 66 forms a Generic packet in which the IP packet
from the encoder 65 is placed. The frame generation unit 66 places the Generic packet in
payload of a BB frame and forms the BB frame in which the order information of the order
information acquisition unit 61 is included in a BB header

[00249] The frame generation unit 66 forms a FEC frame from the BB frame. The frame
generation unit 66 performs necessary processing and thus places a result of processing in
payload of the physical layer frame.

[06250] The frame generation unit 66 forms the physical layer frame by adding the preamble
from the preamble generation unit 63 to the payload of the physical layer frame, and supplies
the formed physical fayer frame to the transmission unit 67.

[00251] The transmission unit 67 performs processing such as digital modulation of the
physical layer frame from the frame generation unit 66, and upconversion. The transmission
unit 67 transmits a result of processing as a digital broadcasting signal through the antenna
68.

100252} In the transmission apparatus 10 in FIG. 22, it is not necessary that all functional
blocks are physically disposed in one apparatus. At least some functional blocks may
constitute an apparatus which is physically independent from other functional blocks.
1002531 FIG. 23 is a flowchart illustrating an example of transmission processing which is
performed by the transmission apparatus 10 in FIG. 22.

166234} In step S2302, the time information acquisition unit 62 acquires time information
and supplies the acquired time information to the preamble generation unit 63. The process
proceeds to step S2304.

100255} In step S2304, the preamble generation unit 63 generates a preamble of a physical

layer frame in which the time information from the time information acquisition unit 62 is
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inciuded in a second preamble Preamble, and supplies the generated preamble to the frame
generation unit 66. The process proceeds to step S2306.

[00256] In step 52306, the order information acquisition unit 61 acquires order information
and supplies the acquired order information to the frame generation unit 66. The process
proceeds to step S2308.

106257} In step S2308, the component acquisition unit 64 acquires data of an image or sound
as a component constituting a service, and supplies the acquired data to the encoder 65.
106258} The encoder 65 performs processing such as coding of the data of an image or
sound, which is supplied from the component acquisition unit 64. The encoder 65 supplies a
result of processing in a form of an 1P packet to the frame generation unit 66. Then, the
process proceeds to step S2310.

100259] In step S2310, the frame generation unit 66 generates a physical layer frame by
appropriately using the order information from the order information acquisition unit 61, the
preamble from the preamble generation unit 63, and the IP packet from the encoder 64. The
frame generation unit 66 supplies the generated physical layer frame to the transmission unit
67. Then, the process proceeds to step 82312,

106260} In step S2312, the transmission unit 67 transmits the physical layer frame from the
frame generation unit 66 as a digital broadcasting signal through the antenna 68.

106261} FIG. 24 is a block diagram illustrating a structure example of the reception
apparatus 20 in FIG. 1.

100262 In FIG. 24, the reception apparatus 20 is configured from an antenna 71, a tuner 72,
a demodulation unit 73, a processing unit 74, a display unit 75, and a speaker 76.

100263} The antenna 71 receives a digital broadcasting signal from the transmission

apparatus 10 and supplies the received digital broadcasting signal to the tuner 72.
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[06264] The tuner 72 receives a physical layer frame transmitted on a predetermined
frequency channel, by selecting the predetermined frequency channel component from the
digital broadcasting signal received from the antenna 71. The tuner 72 supplies the received
physical layer frame to the demodulation unit 73.

[08265] The demodulation unit 73 performs demodulation processing for the physical layer
frame supplied from the tuner 72.

100266] That is, the demodulation unit 73 demodulates the preamble (first preamble BS and
second preamble Preamble) of the physical layer frame. The demodulation unit 73
demodulates the payload of the physical layer frame by using a demodulation result of the
preamble as necessary.

[00267] The demodulation unit 73 demodulates {decodes) the FEC frame obtained by
demodulating the payload of the physical layer frame.

[00268] The demodulation unit 73 demodulates the Generic packet from the BB frame
obtained as a result of demodulation, and demodulates the IP packet from the demodulated
Generic packet. The demodulation unit 73 supplies the demodulated 1P packet to the
processing unit 74.

[06269] The demodulation unit 73 acquires the time information included in the preamble of
the physical layer frame or the order information included in the BB header of the BB frame
in the demodulation processing. The demodulation unit 73 supplies the acquired information
to the processing unit 74

[00276] The processing unit 74 decodes an image or sound of program from the IP packet
received from the demodulation unit 73. The processing unit 74 supplies the image to the
display unit 75 and supplies the sound to the speaker 76.

[06271] The processing unit 74 (or demodulation unit 73) performs necessary processing by

using the time information or the order information from the demodulation unit 73.
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1662721 That is, for example, the processing unit 74 (or demodulation unit 73) performs
processing of synchronization with the transmission apparatus 10 by using the time
information. The processing unit 74 performs processing of holding an order or a time
interval of BB frames (order or time interval of IP packets included in the payload of the
Generic packet placed in the BB frames) by using the order information. In addition, the time
information may be applied to synchronization such as SFN synchronization of DVI3-T.2, for
example.

100273} The display unit 75 displays the image from the processing unit 74. The speaker 76
outputs the sound from the processing unit 74.

106274} In the reception apparatus 20 in FIG. 24, a configuration in which the display unit
75 and the speaker 76 are built-in is described. However, the display unit 75 and the speaker
76 may be provided externally.

[00275] FIG. 25 is a flowchart illustrating reception processing performed by the reception
apparatus 20 in FIG. 24,

100276} In step S2502, the tuner 72 receives a physical layer frame from a digital
broadcasting signal received from the antenna 71 and supplies the received physical layer
frame to the demodulation unit 73. The process proceeds to S2504.

106277} In step S2504, the demodulation unit 73 performs demodulation processing for the
physical layer frame supplied from the tuner 72, and supplies the IP packet, the time
information, and the order information which are obtained as a result of the demodulation
processing, to the processing unit 74. Then, the process proceeds to step S2506.

[00278] In step 52500, the processing unit 74 performs processing of synchronization with
the transmission apparatus 10 by using the time information. The processing unit 74
performs processing of holding an order of BB frames (order of IP packets included in the

payload of the Generic packet placed in the BB frames) by using the order information.
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100279] The processing unit 74 performs synchronization with the transmission apparatus
10. The processing unit 74 decodes an image or sound of program from IP packets received
from the demodulation unit 73 in a state where an order of BB frames is held. The
processing unit 74 supplies the image to the display unit 75 and performs display, and
supplies the sound to the speaker 76 and outputs the supplied sound.

[006280] As described above, in the transmission system in FIG. 1, the transmission apparatus
10 performs transmission in a state where the time information is included in the preamble of
the physical layer frame and performs transmission in a state where the order information is
inciuded in the BB header of the BB frame. Thus, it is possible to efficiently transmit the
time information or the order information.

[00281] In the transmission system in FIG. 1, the reception apparatus 20 performs processing
by using the time information included in the preamble of the physical layer frame and using
the order information included in the BB header of the BB frame. Thus, it is possible to
rapidly perform the processing.

[00282] In the above descriptions, the IP packet is transmitted in the transmission system in
FIG. 1. However, data other than the IP packet may be transmitted. That is, for example,
when the clock counted value or the offset point of time which can adjust a time interval
between BB frames is employed as the order information, for example, the TS packet may be
transmitted.

166283} FIG. 26 is a block diagram illustrating a structure example of the transmission
apparatus 10 in FIG. 1.

[00284] In FIG. 26, the transmission apparatus 10 includes a time information acquisition
unit 2661, a describer generation unit 2662, a preamble generation unit 2663, a component
acquisition unit 2664, an encoder 2665, a frame generation unit 2666, a transmission unit

2667, and an antenna 2668,
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[06285] The time information acquisition unit 2661 acquires time information and supplies
the acquired time information to the describer generation unit 2662. The time information is
acquired as follows. That is, if packets necessary for forming of the BB frame are arrived to
a scheduler (not tllustrated), a physical layer frame formed to include the BB frame is
obtained and a point T of time at the leading of the second preamble Preamble of the obtained
physical layer frame is obtained from a point t of time when the BB frame is generated by the
frame generation unit 2666. The point T of time is supplied to the time information
acquisition unit 2661 as a control signal from the scheduler. The time information may be
used in SFN synchronization.

100286] The describer generation unit 2662 generates a time information describer including
the time information received from the time information acquisition unit 2661, and supplies
the generated time information describer to the preamble generation unit 2663,

[00287] The preamble generation unit 2663 generates a preamble (first preamble BS and
second preamble Preamble) in which the time information describer received from the
describer generation unit 2662 is included in, for example, the second preamble Preamble.
The preamble generation unit 2663 supplies the generated preamble to the frame generation
unit 2666.

100288] The component acquisition unit 2664 acquires data of an image or sound as a
component constituting a service (for example, program), and supplies the acquired data to
the encoder 2665.

100289} That is, the component acquisition unit 2664 acquires contents corresponding to a
broadcasting time zone, from a storage place of contents which have been stored already, or
acquires live contents from a studio or a location place. The component acquisition unit 2664

supplies {data of) the acquired contents to the encoder 2665.
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[66290] The encoder 2665 codes data of an image or sound which is supplied from the
component acquisition unit 2664, in a predetermined encoding method. The encoder 2665
supplies the coded data to the frame generation unit 2666 in, for example, a form of an IP
packet.

[00281] The frame generation unit 2666 generates (forms) a physical layer frame by
appropriately using the preamble from the preamble generation unit 2663, and the IP packet
from the encoder 2664. The frame generation unit 2666 supplies the generated physical layer
frame to the transmission unit 2667,

166292} That is, the frame generation unit 2666 forms a Generic packet in which the [P
packet from the encoder 2665 is placed, as described in FIG. 2B. The frame generation unit
2666 forms a BB frame in which the Generic packet is placed in payload of the BB frame.
100293] The frame generation unit 2666 forms a FEC frame from the BB frame. The frame
generation unit 2666 performs necessary processing and thus places a result of processing in
payload of the physical layer frame.

[00294] The frame generation unit 2666 forms the physical layer frame by adding the
preamble from the preamble generation unit 2663 to the payload of the physical layer frame,
and supplies the formed physical layer frame to the transmission unit 2667.

100295] The transmission unit 2667 performs processing such as digital modulation of the
physical layer frame from the frame generation unit 2666, and upconversion. The
transmission unit 2667 transmits a result of processing as a digital broadcasting signal
through the antenna 2668.

[00296] In the transmission apparatus 10 in FIG. 26, it is not necessary that all functional
blocks are physically disposed in one apparatus. At least some functional blocks may

constitute an apparatus which is physically independent from other functional blocks
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166297} FIG. 27 is a flowchart illustrating an example of transmission processing which is
performed by the transmission apparatus 10 in FIG. 26.

[00298] In step S2702, the time information acquisition unit 2661 acquires time information
and supplies the acquired time information to the describer generation unit 2662. The
process proceeds to step 82704,

[006299] In step S2704, the describer generation unit 2662 generates a time information
describer which includes the time information from the time information acquisition unit
2661, as necessary. The describer generation unit 2662 supplies the generated time
information describer to the preamble generation unit 2663 and then the process proceeds to
step S2706.

{00300} In step 52706, the preamble generation unit 2663 generates the preamble of the
physical layer frame in which the time information describer from the describer generation
unit 2662 is included in the second preamble Preamble. The preamble generation unit 2663
supplies the generated preamble to the frame generation unit 2666 and then the process
proceeds to step S2708.

[00301] In step S2708, the component acquisition unit 2664 acquires data of an image or
sound as a component constifuting a service, and supplies the acquired data to the encoder
2665.

106302} The encoder 2665 performs processing such as coding of the data of an image or
sound, which is supplied from the component acquisition unit 2664. The encoder 2665
supplies a result of processing in a form of an IP packet to the frame generation unit 2666.
Then, the process proceeds to step 52710 from step 52708,

100303} In step S2710, the frame generation unit 2666 generates a physical layer frame by

appropriately using the preamble from the preamble generation unit 2663, and the IP packet
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from the encoder 2664. The frame generation unit 2666 supplies the generated physical layer
frame to the transmission unit 2667. Then, the process proceeds to step 52712,

[00304] In step 52712, the transmission unit 2667 transmits the physical layer frame from
the frame generation unit 2666 as a digital broadcasting signal through the antenna 2668.
[006305] FIG. 28 is a block diagram illustrating a structure example of the reception
apparatus 20 in FIG. 1.

100366] In FIG. 28, the reception apparatus 20 is configured from an antenna 2871, a tuner
2872, a demodulation unit 2873, a processing unit 2874, a display unit 2875, and a speaker
2876.

100367] The antenna 2871 receives a digital broadcasting signal from the transmission
apparatus 10 and supplies the recetved digital broadcasting signal to the tuner 2872,
100308] The tuner 2872 receives a physical layer frame transmitted on a predetermined
frequency channel, by selecting the predetermined frequency channel component from the
digital broadcasting signal received from the antenna 2871. The tuner 2872 supplies the
recetved physical layer frame to the demodulation unit 2873,

[08309] The demodulation unit 2873 performs demodulation processing for the physical
layer frame supplied from the tuner 2872.

1063198} That is, the demodulation unit 2873 demodulates the preamble (first preamble BS
and second preamble Preamble) of the physical layer frame. The demodulation unit 2873
demodulates the payload of the physical layer frame by using a demodulation result of the
preamble as necessary.

[00311] The demodulation unit 2873 demodulates {decodes) the FEC frame obtained by
demodulating the payload of the physical layer frame.

[06312] The demodulation unit 2873 demodulates the Generic packet from the BB frame

obtained as a result of demodulation of the FEC frame, and demodulates the IP packet from
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the demodulated Generic packet. The demodulation unit 2873 supplies the demodulated IP
packet to the processing unit 2874,

[00313] The demodulation unit 2873 acquires the time information describer included in the
preamble of the physical layer frame in the demodulation processing. The demodulation unit
2873 supplies the acquired mformation to the processing unit 2874.

[06314] The processing unit 2874 decodes an image or sound of program from the 1P packet
received from the demodulation unit 2873. The processing unit 2874 supplies the image to
the display unit 2875 and supplies the sound to the speaker 2876.

100315] The processing unit 2874 includes a time information acquisition unit 2881, The
time information acquisition unit 2881 acquires time information as necessary from the time
information describer received from the demodulation unit 2873. The processing unit 2874
performs necessary processing by using the time information acquired by the time
information acquisition unit 2881.

[06316] That is, for example, the processing unit 2874 {(or demodulation unit 2873)
performs, for example, clock data recovery or synchronization processing of performing
synchronization with the transmission apparatus 10 by using the time information. The
processing unit 2874 performs, for example, timing control processing of controtling a timing
for presentation of an image, sound, or the like by using the time information. In addition,
the time information may be applied to synchronization such as SFN synchronization of
DVB-T.2, for example.

100317] The display unit 2875 displays the image from the processing unit 2874. The
speaker 2876 outputs the sound from the processing unit 2874,

100318} In the reception apparatus 20 in FIG. 28, a configuration in which the display unit
2875 and the speaker 2876 are built-in is described. However, the display unit 2875 and the

speaker 2876 may be provided externally.
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[66319] FIG. 29 is a flowchart illustrating reception processing performed by the reception
apparatus 20 in FIG. 28.

[00320] In step 52902, the tuner 2872 receives a physical layer frame from a digital
broadcasting signal received from the antenna 2871 and supplies the received physical layer
frame to the demodulation unit 2873. The process proceeds to step S2904.

106321} In step S2904, the demodulation unit 2873 performs demodulation processing for
the physical layer frame supplied from the tuner 2872, and supplies the IP packet or the time
information describer which are obtained as a result of the demodulation processing, to the
processing unit 2874, Then, the process proceeds to step S2906.

100322} In step S2906, the time information acquisition unit 2881 of the processing unit
2874 acquires the time information from the time information describer received from the
demodulation unit 2873, Then, the process proceeds to step S2908. Here, in the processing
unit 2874, synchronization processing of performing synchronization with the transmission
apparatus 10, and the like is performed by using the time information which is acquired by
the time information acquisition unit 288 1.

[00323] In step S2908, the processing unit 2874 performs processing on a component
included in IP packets received from the demodulation unit 2873 in a state where
synchronization with the transmission apparatus 10 is performed. That is, the processing unit
2874 decodes an image or sound of a program from the IP packets received from the
demodulation unit 2873. The processing unit 2874 supplies the image to the display unit
2875 and performs display, and supplies the sound to the speaker 2876 and outputs the
supplied sound.

100324} As described above, in the transmission system in FIG. 1, the transmission apparatus

10 performs transmission in a state where (the time information describer including) the time
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information is included in the preamble of the physical layer frame. Thus, it is possible to
efficiently transmit the time information.

[00325] In the transmission system in FIG. 1, the reception apparatus 20 performs
processing by using the time information included (in the time information describer
included) in the preamble of the physical layer frame. Thus, it is possible to rapidly perform
processing.

100326} FIG. 30 is a diagram illustrating information (below simply referred to as a PTP) of
a point of time defined by the PTP, which can be used as the time information.

106327} The PTP is defined by IEEE 1588 and is formed with 80 bits.

100328 The 80-bit PTP is formed from a 48-bit seconds field representing a point of time in
a second unit, and a 32-bit nanoseconds field representing a point of time in a nanosecond
unit.

[00329] "1" of the seconds field represents 1 second and 1" of the nanoseconds field
represents 1 nanosecond.

100330] Accordingly, for example, in the PTP representing +2.000000001 seconds, the
seconds field becomes 0x000000000002, and the nanoseconds field becomes 0x00030001.
"0x" represents a value subsequent to "0x" is the hexadecimal number.

106331} Here, since 109 nanoseconds are 1 second, the nanoseconds field has a value of 0
and less than 109

166332} That is, the maximum value in the nanoseconds field is 109-1. Since 109-1 is
expressed by 30 bits, 2 higher bits of the 32-bit nanoseconds field have normally a value of 0.
[00333] In IEEE 1588, it is defined that an epoch which is a starting point of points of time
represented by the PTP is 0 o'clock January 1, 1970 in the International Atomic Time (TAT).
That is, the PTP in IEEE 1588 represent a point of time by using 0 o'clock January 1, 1970 in

TAI, as the epoch.
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106334} As illustrated in FIG. 9, when the PTP is employed as the time information included
in the physical layer frame, it is possible to transmit accurate time information and to cause
the reception apparatus 10 to reproduce an accurate point of time. 1t is possible to prevent
occurrence of a problem due to leap seconds.

[08335] According to the PTP, 1t is possible to express a very accurate point of time.
However, when broadcasting is performed in the transmission system in FIG. I, transmission
of the time information more accurate than necessary for the broadcasting causes burden to
be loaded on transmission band and thus becomes inefficient.

[66336] The 80-bit PTP is time information having sufficiently excessive accuracy by
provision of a service through broadcasting. Thus, even though an information quantity of
the PTP is decreased to a certain extent, provision of the service through broadcasting may be
sufficiently held.

[06337] In the transmission system in FIG. 1, the information guantity of the PTP as the time
information may be decreased and then transmitted.

100338] As a method of decreasing the information quantity of the PTP, for example, a
method of decreasing a transmission frequency of the PTP, and a method of compressing the
PTP are included.

100339 Here, as tllustrated in FIGS. 10-15, the time information may be ncluded in the
payload, not in the preamble of the physical layer frame. However, in the following
descriptions, descriptions will be made by using a case in which the time information is
included in the preamble of the physical layer frame, as an example.

{00340} FIG. 31 is a diagram illustrating an example of a method of decreasing the
transmission frequency of the PTP.

[00341] The PTP as the time information may be included in all physical layer frames.

However, synchronization with the transmission apparatus 10 is performed with necessary
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accuracy in the reception apparatus 20. Thus, there is a case where including of the PTP in
all of (the second preambles Preamble of} the physical layer frame is unnecessary.

[00342] The PTP may be included only in some physical layer frames, not in all of the
physical layer frames. Thus, it is possible to decrease the transmission frequency of the PTP.
[00343] In FIG. 31, the PTP as the time information is inserted only into (the second
preamble Preamble of) the leading physical layer frame of the 4 physical layer frames for
each 4 physical layer frames, and is transmitted.

100344} In this case, the information quantity of the PTP which is to be transmitted to the
reception apparatus 20 from the transmission apparatus 10 is decreased up to about 1/4, and
thus it is possible to efficiently transmit the PTP.

[00345] FIG. 32 is a diagram illustrating an example of a method of compressing the PTP.
[00346] According to the 48-hit seconds field of the PTP, a point of time in a wide range of
about 8,920 thousand years may be expressed. However, expression of a point of time i
such a wide range is not necessary for broadcasting.

100347} Here, for example, in America, analog broadcasting is changed to the first
generation digital broadcasting method (ATSC) in about 1980's. The first generation digital
broadcasting method (ATSC) is predicted to be changed to the second digital broadcasting
method (ATSC3.0) in a year after about 30 years from a start of the broadcasting.

106348} Considering such the current circumstances, when it is assumed that the
broadcasting using the transmission system in FIG. 1 is used for 90 years from 2016, the PTP
is sufficient for the time information included in the physical layer frame as long as points of
time until about 2106 may be counted.

100349} An epoch (below referred to as a reference epoch) defined by IEEE 1588 as the

epoch of the PTP is in (0 o'clock January 1, 1970). Thus, the PTP is sufficient in counting
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points of time up to in 2106, as long as points of time for 136 years (2106-1970) may be
counted.

[00350] Since the number of seconds for 136 years may be counted with 32 bits, when points
of time up to 2106 are counted as the PTP, the seconds field is sufficient with 32 bits.
[06351] When an epoch (also below referred to as independent epoch) which is
independently determined, not the reference epoch is employed as the epoch of the PTP, the
small number of bits may be employed for the seconds field.

106352} That is, for example, when seconds are counted with 31 bits, it is possible to count
the number of seconds for about 68 years. If, for example, 2016 is used as the independent
epoch, and if 31 bits are employed for the seconds field, it is possible to count points of time
up to 2084 (2016+68).

100353] Accordingly, when it 1s assumed that the broadcasting performed by the
transmission system in FIG. 1 1s used up to about 2080 from 2016, it i3 possible to employ 31
bits for the seconds field by using (January 1,) 2016 as the independent epoch.

100354} Here, if the above descriptions are summarized, summary is as follows.

[00355] That is, when 32 bits are employed for the seconds field, the number of seconds for
about 136 years may be counted. According to such the seconds field, when the reference
epoch is employed, points of time up to 2106 (=1970+136) may be counted. When 2016 is
employed as the independent epoch, points of time up to 2152 (=2016+136) may be counted.
1006356] When 31 bits are employed for the seconds field, the number of seconds for about
68 years may be counted. According to such the seconds field, when the reference epoch is
employed, points of time up to 2038 (=1970+68) may be counted. When 2016 is employed

as the independent epoch, points of time up to 2084 (=2016+68) may be counted.
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166357} Hitherto, a period of time for which the broadcasting is performed by the
transmission system in FIG. 1 is determined based on an estimated period of time. However,
it is expected that the seconds field having, for example, about 31 bits or 32 bits is sufficient.
100358] Meanwhile, since the nanoseconds field of the PTP represents a point of time in a
unit nanosecond, a I GHz clock (clock having a frequency of 1GHz) may be counted at the
maximum. However, in the broadcasting, (counting of) such a high speed clock is not
necessary.

106359} Here, according to a 32-bit nanoseconds field, it is possible to count the | GHz
clock. That is, according to the 32-bit nanoseconds field, synchronization with the 1 GHz
clock is performed and counting of a value of 0x0 to 0x3b%ac9ff (=109-1) is repeated while a
value is increased by 20 corresponding to 1 ns{(=1/(1 GHz}).

100360] For example, according to a 27-bit nanoseconds field obtained by deleting S lower
bits of the 32-bit nanoseconds field, it is possible to count a clock of 32.25 MHz=1 GHz/25.
That is, according to the 27-bit nanoseconds field, in 32-bit conversion, synchronization with
the 32.25 MHz clock is performed and counting of a value of 0x0 to 0x3b9%ac9e0 (=109-25) is
repeated while a value is increased by 25 corresponding to 25 ns(=1/(32.25 MHz))

106361} For example, according to a 19-bit nanoseconds field obtained by deleting 13 lower
bits of the 32-bit nanoseconds field, it is possible to count a clock of 122.0 kHz=1 GHz/213.
That is, according to the 19-bit nanoseconds field, in 32-bit conversion, synchronization with
the 122.0 kHz clock is performed and counting of a value of 0x$ to 0x3b9aaf00 (=109-213)
is repeated while a value is increased by 213 corresponding t0 213 ns(=1/(122.0 kHz)).
[00362] In the broadcasting, generally, a clock of about 90 kHz or about 27 MHz is
employed.

[08363] According to the 27-bit nanoseconds field which allows the clock 0f 32.25 MHz to

be counted, it is possible to ensure accuracy of a 27 MHz clock. According to the 19-bit
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nanoseconds field which allows the clock of 122.0 kHz to be counted, it is possible to ensure
accuracy of a 90 kHz clock.

[00364] Accordingly, in the broadcasting in which a clock of about 90 kHz or about 27 MHz
is employed, even though S or 13 lower bits of the nanoseconds field are deleted and thus the
27-bit or 19-bit nanoseconds field is obtained, it is possible to ensure sufficient accuracy.
[06365] As illustrated in FIG. 30, since 2 higher bits of the nanoseconds field are normally 0,
regarding the 27-bit or 19-bit nanoseconds field obtained by deleting 5 or 13 lower bits, a 25-
bit or 17-bit nanoseconds field may be obtained by deleting 2 higher bits.

100366] FIG. 32 illustrates an example of compression of the PTP when the seconds field is
compressed to have 32 bits and the nanoseconds field is compressed to have 19 bits.

[00367] In the transmission apparatus 10 (FIG. 26}, a 80-bit PTP configured from a 48-bit
seconds field and a 32-bit nanoseconds field is supplied to the describer generation unit 2662
from the time information acquisition unit 2661.

[06368] The describer generation unit 2662 compresses the 48-bit seconds field to be a 32-
bit seconds field (below referred to as a compression seconds field) by deleting, for example,
16 higher bits of the 48-bit seconds field.

[06369] The describer generation unit 2662 compresses the 32-bit nanoseconds field to be a
19-bit nanoseconds field (below referred to as a compression nanoseconds field) by deleting,
for example, 13 lower bits of the 32-bit nanoseconds field.

{66370} The describer generation unit 2662 causes a 51-bit PTP (below referred to as a
compression PTP) on which compression is performed so as to be the 32-bit compression
seconds field and the 19-bit compression nanoseconds field, to be included in the time
information describer and supplies a result of including to the preamble generation unit 2663

(FIG. 26).

60



WO 2016/196059 PCT/US2016/033779

1063711 As described above, in a method of compressing the PTP, some bits of each of the
seconds field and the nanoseconds field in the PTP are deleted, and thus the PTP is
compressed so as to be a compression PTP (compression time information) of an
intermediate format so to speak, and is transmitted.

[00372] In the reception apparatus 20 (FIG. 28), the time information acquisition unit 2881
acquires the compression PTP included in the time information describer and recovers the
acquired compression PTP to a PTP having a format defined by IEEE 1588.

106373} That is, the time information acquisition unit 2881 adds 0 of 16 bits as higher bits of
the 32-bit compression seconds field in the compression PTP, and thus recovers the 32-bit
compression seconds field to a 48-bit seconds field.

[00374] The time information acquisition unit 2881 adds 0 of 13 bits as lower bits of the 19-
bit compression nanoseconds field in the compression PTP, and thus recovers the 19-bit
compression nanoseconds field to a 32-bit nanoseconds field.

[66375] The time information acquisition unit 2881 performs recovery to a PTP of a format
defined by IEEE 1588, which is configured by the 48-bit seconds field and the 32-bit
nanoseconds field.

106376} In the describer generation unit 2662, the 32-bit nanoseconds field may be
compressed to be a 17-bit compression nanoseconds field by deleting 13 lower bits of the 32-
bit nanoseconds field, and deleting 2 higher bits which are normally 0, as described above.
166377} In this case, in the time information acquisition unit 2881, § of 13 bits is added as
fower bits of the 17-bit compression nanoseconds field and 0 of 2 bit is added as higher bits
thereof. Thus, the 17-bit compression nanoseconds field is recovered to be a 32-bit
nanoseconds field.

[08378] When the independent epoch, not the reference epoch is employed as the epoch of

the PTP, the describer generation unit 2662 subtracts a period of time (below referred to as a
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difference time) corresponding to a difference (independent epoch-reference epoch) between
the reference epoch and the independent epoch, from the PTP and then compresses the PTP
after subtraction so as to be a compression PTP.

100379} In this case, the time information acquisition unit 2881 recovers the compression
seconds field and the compression nanoseconds field to be the seconds field and the
nanoseconds field, and then adds the difference time to the seconds field and the nanoseconds
field after recovery. Thus, a PTP (PTP of the reference epoch) having a format defined by
IEEE 1588 is obtained by recovery.

100380] FIG. 33 is a diagram illustrating an example of a compression mode in which the
PTP is compressed.

[00381] In FIG. 33, the compression mode is represented by 4 bits and 16 types of
compression mode, that is, Modes 0 to 15 may be defined.

[06382] In FIG. 33, Modes 3 and 7 to 15 are not defined (Reserved) and thus, substantially, 6
types of compression mode are defined.

100383} In Mode 0, the PTP is not compressed and a PTP configured by the 48-bit seconds
field and the 32-bit nanoseconds field is used. In Mode 0, the reference epoch is used as the
epoch of the PTP.

100384] In Mode 1, 16 higher bits of the 48-bit seconds field are deleted and thus
compression to be a 32-bit seconds field is performed. 13 lower bits of the 32-bit
nanoseconds field are deleted and thus compression to be a 19-bit nanoseconds field is
performed. In Mode 1, the reference epoch is used as the epoch of the PTP.

[00385] In Mode 2, 16 higher bits of the 48-bit seconds field are deleted and thus
compression to be a 32-bit seconds field is performed. S lower bits of the 32-bit nanoseconds
field are deleted and thus compression to be a 27-bit nanoseconds field is performed. In

Mode 2, the reference epoch is used as the epoch of the PTP.
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[66386] In Mode 4, the PTP is not compressed and a PTP configured by the 48-bit seconds
field and the 32-bit nanoseconds field is used. In Mode 4, the independent epoch is used as
the epoch of the PTP.

[00387] In Mode S, 17 higher bits of the 48-bit seconds field are deleted and thus
compression to be a 31-bit seconds field is performed. 13 lower bits of the 32-bit
nanoseconds field are deleted and thus compression to be a 19-bit nanoseconds field is
performed. In Mode 5, the independent epoch is used as the epoch of the PTP.

106388} In Mode 6, 17 higher bits of the 48-bit seconds field are deleted and thus
compression to be a 31-bit seconds field is performed. S lower bits of the 32-bit nanoseconds
field are deleted and thus compression to be a 27-bit nanoseconds field is performed. In
Mode 6, the independent epoch is used as the epoch of the PTP.

[10038%] The compression mode is determined, for example, on the transmission apparatus 10
side by estimating the number of bits necessary for the broadcasting regarding the seconds
field and the nanoseconds field.

100390] As illustrated in FIG. 32, compression may be performed by deleting 2 higher bits of
the nanoseconds field in addition to lower bits thereof.

106391} The compression mode in which the lower bits and the 2 higher bits of the
nanoseconds field are deleted may be assigned to any one of not-defined modes in FIG. 33.
106392} FIG. 34 is a diagram illustrating a first example of syntax of the time information
describer.

100393} In FIG. 34, atime_info_flag is a time information flag representing the presence or
absence of the PTP (compression PTP) as the time information. A value of O represents the
presence of the PTP and a value of 1 represents the absence of the PTP.

[003%4] In this embodiment, a 1-bit flag is employed as the time_info flag. However, 2 bits

or more may be allocated to the time info flag
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1006395] When the time_info_flag is 0, the PTP is not included in the time information
describer. When the timc_info flag is 1, the PTP is included in the time information
describer.

100396] For example, as illustrated in FIG. 31, when the PTP as the time information is
inserted only into the leading physical layer frame of the 4 physical layer frames for each 4
physical layer frames, the time info flag of the time information describer included in the
leading physical layer frame is | and the time _info_flag of the time information describer
included in other 3 physical layer frames are 0.

166397} In FIG. 34, a PTP secondsField represents the seconds field of the PTP and a

PTP nanosecondsField represents the nanoseconds field of the PTP.

[00398] In FIG. 34, the compression PTP in the compression mode (FIG. 33) being Mode |
is employed. For this reason, the PTP _seconsField has 32 bits and the

PTP nanosecondsField has 19 bits.

[66399] The syntax in FIG. 34 is used in a case where the compression mode is fixed to be a
predetermined mode such as Mode 1.

[00460] The compression mode may be fixed to modes other than Mode 1. A mode to
which the compression mode is fixed may be defined by, for example, broadcasting
standards.

100401} FIG. 35 is a diagram illustrating a second example of the syntax of the time
information describer.

100402] In FIG. 35, the time_info_flag is a time information flag illustrated in FIG. 34
[00403] In FIG. 35, when the time info_flag is 0, the compression mode and the PTP are not
included in the time information describer. When the time_info _flag is 1, the compression
mode and the PTP are included in the time information describer.

106404} In FIG. 35, a "mode" represents the compression mode.
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[06405] When the "mode" is 0 or 4, as illustrated in FIG. 33, a PTP configured by the 48-bit
seconds field (PTP_secondsField) and the 32-bit nanoseconds field (PTP_ nanosecondsField)
is included in the time information describer.

[004066] When the "mode" is 1, as illustrated in FIG. 33, a compression PTP configured by
the 32-bit compression seconds field (PTP_secondsField) and the 19-bit compression
nanoseconds field (PTP_nanosecondsField) is included in the time information describer.
100407] When the "mode" is 2, as illustrated in FIG. 33, a compression PTP configured by
the 32-bit compression seconds field (PTP_secondsField) and the 27-bit compression
nanoseconds field (PTP_ nanosecondsField) is incladed in the time information describer.
100408] When the "mode" is 5, as illustrated in FIG. 33, a compression PTP configured by
the 31-bit compression seconds field (PTP secondsField) and the 19-bit compression
nanoseconds field (PTP_nanosecondsField) is included in the time information describer.
[00409] When the "mode” is 6, as illustrated in FIG. 33, a compression PTP configured by
the 31-bit compression seconds field (PTP_secondsField} and the 27-bit compression
nanoseconds field (PTP_nanosecondsField) is included in the time information describer.
[004108] The syntax in FIG. 35 is used in a case where the compression mode may be
selected as necessary.

100411} The time information describer in FIGS. 34 and 35 may be formed without the
time _info flag which is the time information flag.

100412} When the time_info_flag is not included in the time information describer, the
(compression) PTP as the time information is transmitted in all physical layer frames.
[00413] Here, as described above, a method of decreasing the transmission frequency of the
PTP or a method of compressing the PTP may be applied to arbitrary information of a point
of time such as information of a point of time defined by the NTP, information of a point of

time defined by 3GPP, information of a point of time included in GPS information, and other
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information of a point of time, which has an independently determined format, in addition to
the PTP, as the time information

[00414] In the above descriptions, the IP packet is transmitted in the transmission system in
FIG. 1. However, for example, a TS packet and the like other than the IP packet, may be
transmitted.

[06415] The transmission system in FIG. 1 may be applied in any data transmission such as
ATSC 3.0, DVB, and ISDB, for example.

100416} FIG. 36 is a diagram tllustrating a configuration of the T2 frame which is a physical
layer frame of DVB-T .2

100417} The T2 frame has a P1 field and a P2 field which are set as preambles, and a data
symbol files (Data symbols) as payload.

100418] The P1 field has a P1 signaling field, and the P2 field has an LI-pre signaling field
and an L1-post signaling field.

1606419} The L1-postsignaling field has files of Configurable, Dynamic, Extension, CRC,
and LI padding.

[004208] The time information may be included in (for example, the P2 field of) the preamble
of the above-described T2 frame.

100421} The order information may be included in the BB header of the BB frame which is
placed as the data symbol field of the above-described T2 frame.

100422] FIG. 37 is a block diagram showing an example of a hardware configuration of a
computer configured to function as, or control, any one or a combination of the content
provider 10 (including the information providing apparatus or transmission apparatus), the
reception apparatus 20, and the server 40. As illustrated in FIG. 37, the computer includes a
central processing unit (CPU) 3702, read only memory (ROM) 3704, and a random access

memory {(RAM) 3706 interconnected to each other via one or more buses 3708. The one or
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more buses 3708 is further connected with an input-output interface 3710, The input-output
interface 3710 is connected with an input portion 3712 formed by a keyboard, a mouse, a
microphone, remote controller, etc. The input-output interface 3710 is also connected to a
output portion 3714 formed by an audio interface, video interface, display, speaker, etc.; a
recording portion 3716 formed by a hard disk, a non-volatile memory, etc.; a communication
portion 3718 formed by a network interface, modem, USB interface, FireWire interface, etc;
and a drive 3720 for driving removable media 3722 such as a magnetic disk, an optical disk,
a magneto-optical disk, a semiconductor memory, etc.

1064231 According to one embodiment, the CPU 3702 loads a program stored in the
recording portion 3716 into the RAM 3706 via the input-output interface 3710 and the bus
3708, and then executes a program configured to provide the functionality of the one or
combination of the content provider 10 (including the information providing apparatus or
transmission apparatus), the reception apparatus 20, and the server 40.

106424} The various processes discussed above need not be processed chronologically in the
sequence depicted as flowcharts; the steps may also include those processed parallelly or
individually {(e.g., in paralleled or object-oriented fashion).

[06425] Also, the programs may be processed by a single computer or by a plurality of
computers on a distributed basis. The programs may also be transferred to a remote computer
or computers for execution.

166426} Furthermore, in this specification, the term “system” means an aggregate of a
plurality of component elements {(apparatuses, modules (parts), eic.). All component
elements may or may not be housed in a single enclosure. Therefore, a plurality of
apparatuses each housed in a separate enclosure and connected via a network are considered a
network, and a single apparatus formed by a plurality of modules housed in a single enclosure

are also regarded as a system.
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1664271 Also, it should be understood that this technology when embodied is not limited to
the above-described embodiments and that various modifications, variations and alternatives
may be made of this technology so far as they are within the spirit and scope thereof.

100428] For example, this technology may be structured for cloud computing whereby a
single function is shared and processed in collaboration among a plurality of apparatuses via
a network.

1004291 Also, each of the steps explained in reference to the above-described flowcharts may
be executed not only by a single apparatus but also by a plurality of apparatuses in a shared
manner.

100436] Furthermore, if one step includes a plurality of processes, these processes included
in the step may be performed not only by a single apparatus but also by a plurality of
apparatuses in a shared manner.

[08431] Numerous modifications and variations of the embodiments of the present
disclosure are possible in light of the above teachings. It is therefore to be understood that
within the scope of the appended claims, the embodiments may be practiced otherwise than
as specifically described herein.

106432} The above disclosure also encompasses the embodiments noted below.

[100433] (1) A method of a reception apparatus for receiving transmission frames, the method
including receiving, by circuitry of the reception apparatus, the transmission frames
transmitted on one millisecond boundaries, each of the transmission frames including a
bootstrap, a preamble, and a payload; and determining, by the circuitry, an absolute point of
time at a predetermined position in a stream of the transmission frames based on first time
information included in a first one of the transmission frames.

100434 (2) The method according to feature (1), in which the absolute point of time is when

a portion of the stream at the predetermined position is transmitted.
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[66435] (3) The method according to feature (1) or (2), in which the first time information is
included in the preamble of the first one of the transmission frames.

[00436] (4) The method according to any of features (1) to (3), in which the absolute point of
time indicates a time at which a first symbol of the bootstrap in the first one of the
transmission frames was transmitted.

106437} (5) The method according to feature (4), in which the first symbol is aligned with
one of the one millisecond boundaries on which the first one of the transmission frames is
transmitted.

{00438} (6) The method according to any of features (1) to (5), in which each of only a
subset of the transmission frames includes time information that indicate absolute points of
time at different predetermined positions in the stream of the transmission frames.

100439%] (7) The method according to any of features (1) to (6), in which the step of receiving
the transmission frames includes receiving a digital television broadcast signal.

{06440} (8) The method according to any of features (1} to (7), in which sampling
frequencies of the preamble and the payload of each of the transmission frames are the same.
100441} (9) A noun-transitory computer-readable medium storing instructions which when
executed by a computer cause the computer to perform the method according to any one of
features (1) to (8).

100442} (10) A reception apparatus, including circuitry configured to receive transmission
frames transmitted on one millisecond boundaries, each of the transmission frames including
a bootstrap, a preamble, and a payload; and determine an absolute point of time at a
predetermined position in a stream of the transmission frames based on first time information
included in a first one of the transmission frames.

100443] (11) The reception apparatus according to feature (10), in which the absoluate point

of time is when a portion of the stream at the predetermined position is transmitted.
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100444] (12) The reception apparatus according to feature (10) or (11), in which the first
time information is included in the preamble of the first one of the transmission frames.
[00445] (13) The reception apparatus according to any of features (10) to (12}, in which the
absolute point of time indicates a time at which a first symbol of the bootstrap in the first one
of the transmission frames was transmitted.

[06446] (14) The reception apparatus according to feature (13), in which the first symbol is
aligned with one of the one millisecond boundaries on which the first one of the transmission
frames is transmitted.

106447} (15) The reception apparatus according to any of features (10) to (14), in which each
of only a subset of the transmission frames includes time information that indicate absolute
points of time at different predetermined positions in the stream of the transmission frames.
[00448] (16) The reception apparatus according to any of features (10) to (15), in which the
circuitry is configured to receive a digital television broadcast signal that includes the stream
of transmission frames.

100449} (17) The reception apparatus according to any of features {(10) to (16), in which
sampling frequencies of the preamble and the payload of each of the transmission frames are
the same.

1004568} (18) A method of an information providing apparatus for providing a stream of
transmission frames, including generating, by circuitry of the information providing
apparatus, first time information that indicates an absolute point of time at a predetermined
position in the siream of the transmission frames; generating the transmission frames, the
generated time information being included in a first one of the transmission frames; and
transmitting, by the circuitry, the transmission frames on one millisecond boundaries,
wherein each of the plurality of transmission frames includes a bootstrap, a preamble, and a

payload.
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106451} (19) The method according to feature (18), in which the absolute point of time is
when a portion of the stream at the predetermined position is transmitted.

[00452] (20) The method according to feature (18) or (19), in which the first time
information is included in the preamble of the first one of the transmission frames.

[00453] (21) The method according to any of features (18) to (20), in which the absolute
point of time indicates a time at which a first symbol of the bootstrap in the first one of the
transmission frames is transmitted.

[00454] (22) The method according to feature (21), in which the first symbol is aligned with
one of the one millisecond boundaries on which the first one of the transmission frames is
transmitted.

[00455] (23) The method according to any of features (18) to {22}, further including
generating time information for only a subset of the transmission frames that indicate
absolute points of time at different predetermined positions in the stream of the transmission
frames.

[00456] (24) A non-transitory computer-readable medium storing instructions which when
executed by a computer cause the computer to perform the method according to any one of
features (18) to (23).

100457] (25) An information processing apparatus including circuitry configured to perform
the method according to any one of features {18) to (23).

[00438] (26) A method of a reception apparatus for determining a time frequency of a
plurality of transmission frames, the method including receiving by circuitry of the reception
apparatus a first transmission frame, the first transmission frame including a bootstrap, a
preamble, and a payload; and determining by the circuitry the time frequency based on a

baseband sample rate coefficient N signaled in the bootstrap and a time length TL of the first
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transmission frame, in which the time frequency indicates a distance between the first
transmission frame and a second transmission frame.

[00459] (27) The method according to feature (26), in which each of the first and second
transmission frames includes a mark, any transmission frames transmitted between the first
and second transmission frames do not include the mark, and the time frequency indicates the
distance between the mark included in the first transmission frame and the mark included in
the second transmission frame.

100460] (28) The method according to feature (26) or (27), in which the step of determining
the time frequency includes determining the time frequency using the following formula:
(384 * [N+ 16]) * TL, and the time length TL is defined in milliseconds.

[00461] (29) The method according to any one of features (26) to (28), in which the time
length TL is signaled in the preamble of the first transmission frame.

[00462] (30) The method according to any one of features (26) to (29), further including
adjusting a clock used in a middle layer to process the plurality of transmission frames based
on the determined time frequency.

[08463] (31) The method according to any one of features (26) to (30}, further including
determining the baseband sample rate coefficient N based on bootstrap symbol 2, which is
included in the bootstrap of the first transmission frame.

[00464] (32) The method according to any one of features (26) to (31), in which the
baseband sample rate coefficient N is in a range of 0 to 80, inclusive.

100465] (33) The method according to any one of features (26) to0 (32}, in which the
preamble of the first transmission frame further includes time information.

100466] (34) The method according to any one of features (26) to (33), in which the step of

receiving the first transmission frame includes receiving a digital television broadcast signal.
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166467} (35) The method according to any one of features (26) to (34), in which sampling
frequencies of the preamble and the payload of the first transmission frame are the same.
[00468] (36) A non-transitory computer-readable medium storing instructions which when
executed by a computer cause the computer to perform the method according to any one of
features (26) to (35).

[08469] (37) A reception apparatus, including circuitry configured to receive a first
transmission frame, the first transmission frame including a bootstrap, a preamble, and a
payload; and determine a time frequency based on a baseband sample rate coefficient N
signaled in the bootstrap and a time length TL of the first transmission frame, in which the
time frequency indicates a distance between the first transmission frame and a second
transmission frame.

100470} (38) The reception apparatus according to feature (37), in which each of the first and
second transmission frames includes a mark, any transmission frames transmitted between
the first and second transmission frames do not include the mark, and the time frequency
indicates the distance between the mark included in the first transmission frame and the mark
included in the second transmission frame.

106471} (39) The reception apparatus according to feature (37) or (38}, in which the circuitry
is configured to determine the time frequency using the following formula: (384 * [N+ 161} *
TL, and the time length TL is defined in milliseconds.

100472] (40) The reception apparatus according to any one of features {37) to (39), in which
the time length TL is signaled in the preamble of the first transmission frame.

[00473] (41) The reception apparatus according to any one of features (37) to (40), in which
the circuitry is further configured to adjust a clock used in a middle layer to process the

plurality of transmission frames based on the determined time frequency.
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100474] (42) The reception apparatus according to any one of features (37) to (41), in which
the circuitry is further configured to determine the baseband sample rate coefficient N based
on bootstrap symbol 2, which is included in the bootstrap of the first transmission frame.
100475} (43) The reception apparatus according to any one of features (37) to (42), in which
the baseband sample rate coefficient N is 1n a range of 0 to 80, inclusive.

[06476] (44) The reception apparatus according to any one of features (37) to (43), in which
the preamble of the first transmission frame further includes time information.

100477} (45) The reception apparatus according to any one of features {(37) to (44), in which
the step of receiving the first transmission frame includes receiving a digital television
broadcast signal.

[00478] (46) The reception apparatus according to any one of features (37) to (45), in which
sampling frequencies of the preamble and the payload of the first transmission frame are the
same.

166479} (47) A method of an information providing apparatus for providing a plurality of
transmission frames, including generating, by circuitry of the information providing
apparatus, the plurality of transmission frames based on a frame time length TL, each of the
plurality of transmission frames including a bootstrap, a preamble, and a payload; and
transmitting, by the circuitry, the plurality of transmission frames according to a time
frequency that is determined based on a baseband sample rate coefficient N signaled in the
bootstrap and the at least one time length TL, in which the time frequency indicates a
distance between a first transmission frame of the plurality of transmission frames and a
second transmission frame of the plurality of transmission frames.

100480} (48) The method according to feature (47), in which each of the first and second
transmission frames includes a mark, any transmission frames transmitted between the first

and second transmission frames do not include the mark, and the time frequency indicates the
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distance between the mark included in the first transmission frame and the mark incladed in
the second transmission frame.

[00481] (49) The method according to feature (47) or (48), in which the time frequency is
determined using the following formula: (384 * [N + 16]) * TL, and the frame time length TL
is defined in milliseconds.

{00482} (50) The method according to any one of features (47) to (49}, in which the frame
time length TL is signaled in the preamble of one of the plurality of transmission frames.
100483} (51) The method according to any one of features (47) to (50), in which the

baseband sample rate coefficient N is signaled in bootstrap symbol 2, which is included in the

bootstrap of one of the plurality of transmission frames.

[00484] (52) The method according to any one of features (47) to (51}, in which the

baseband sample rate coefficient N is in a range of 0 to 80, inclusive.

[00485] (53) The method according to any one of features (47) to (52), in which the

preamble of the first transmission frame further inclades time information.

[00486] (54) The method according to any one of features (47) to (53}, in which the step of
transmitting the plurality of transmission frames includes transmitting the plurality of
transmission frames in a digital television broadcast signal.

100487} (55) The method according to any one of features (47) to (54), in which sampling
frequencies of the preamble and the payload of the first transmission frame are the same.
[00488] (56) A non-transitory computer-readable medium storing instructions which when
executed by a computer cause the computer to perform the method according to any one of
eatures (47} to (55).

100489} (57) An information processing apparatus including circuitry configured to perform

the method according to any one of features (47) to (55).
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CLAIMS

I. A method of a reception apparatus for receiving transmission frames, the method
comprising:

receiving, by circuitry of the reception apparatus, the transmission frames transmitted
on one millisecond boundaries, each of the transmission frames including a bootstrap, a
preambie, and a payload; and

determining, by the circuitry, an absolute point of time at a predetermined position in
a stream of the transmission frames based on first time information included in a first one of

the transmission frames.

2. The method according to claim I, wherein
the absolute point of time is when a portion of the stream at the predetermined

position is transmitted.

3. The method according to claim 1, wherein
the first time information is included in the preamble of the first one of the

transmission frames.

4. The method according to claim 1, wherein
the absolute point of time indicates a time at which a first symbol of the bootstrap in

the first one of the transmission frames was transmitted.

S. The method according to claim 4, wherein
the first symbol is aligned with one of the one millisecond boundaries on which the

first one of the transmission frames is transmitted.
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6. The method according to claim 1, wherein
each of only a subset of the transmission frames includes time information that
indicate absolute points of time at different predetermined posttions in the stream of the

transmission frames.

7. The method according to claim 1, wherein the step of receiving the transmission
frames comprises:

receiving a digital television broadcast signal.

8. The method according to claim 1, wherein sampling frequencies of the preamble

and the payload of each of the transmission frames are the same.

9. A non-transitory computer-readable medium storing instructions which when
executed by a computer cause the computer to perform a method for receiving transmission
frames, the method comprising:

receiving the transmission frames transmitted on one millisecond boundaries, each of
the transmission frames including a bootstrap, a preamble, and a payload; and

determining an absolute point of time at a predetermined position in a stream of the
transmission frames based on first time information included in a first one of the transmission

frames.

10. A reception apparatus, comprising:

circuitry configured to
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receive transmission frames transmitted on one millisecond boundaries, each
of the transmisston frames including a bootstrap, a preamble, and a payload; and

determine an absolute point of time at a predetermined position in a stream of
the transmission frames based on first time information included in a first one of the

transmission frames.

11. The reception apparatus according to claim 10, wherein
the absolute point of time is when a portion of the stream at the predetermined

position is transmitted.

12. The reception apparatus according to claim 10, wherein
the first time information is included in the preamble of the first one of the

transmission frames.

13. The reception apparatus according to claim 10, wherein
the absolute point of time indicates a time at which a first symbol of the bootstrap in

the first one of the transmission frames was transmitted.

i4. The reception apparatus according to claim 13, wherein

the first symbol is aligned with one of the one millisecond boundaries on which the

first one of the transmission frames is transmitted.

15. The reception apparatus according to claim 10, wherein
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each of only a subset of the transmission frames includes time information that
indicate absolute points of time at different predetermined positions in the stream of the

transmission frames.

16. The reception apparatus according to claim 10, wherein the circuitry is configured
to
receive a digital television broadcast signal that includes the stream of transmission

frames.

17. The reception apparatus according to claim 10, wherein sampling frequencies of

the preamble and the payload of each of the transmission frames are the same.

18. A method of an information providing apparatus for providing a stream of
transmission frames, comprising:

generating, by circuitry of the information providing apparatus, first time information
that indicates an absolute point of time at a predetermined position in the stream of the
transmission frames;

generating the transmission frames, the generated time information being included in
a first one of the transmission frames; and

transmitting, by the circuitry, the transmission frames on one millisecond boundaries,
wherein

each of the plurality of transmission frames includes a bootstrap, a preamble, and a

payload.

19. The method according to claim 18, wherein
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the absolute point of time is when a portion of the stream at the predetermined

position is transmitted.

20. The method according to claim 18, wherein
the first time information is included in the preamble of the first one of the

transmission frames.

21. The method according to claim 18, wherein
the absolute point of time indicates a time at which a first symbol of the bootstrap in

the first one of the transmission frames is transmitted.

22. The method according to claim 21, wherein
the first symbol is aligned with one of the one millisecond boundaries on which the

first one of the transmission frames is transmitted.

23. The method according to claim 18, further comprising:
generating time information for only a subset of the transmission frames that indicate
absolute points of time at different predetermined positions in the stream of the transmission

frames.
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