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ATSC 3.0 with MMT Monbility

This presentation provides real-world research and observations in
evaluating ATSC 3.0 mobility.

Limitations of the ROUTE/DASH transport and packaging format

prevent suitable experiences for live linear content on mobility
device reception.



ATSC 3.0 with MMT Monbility

Convergence of broadcast and broadband services by leveraging |P
Multicast is an incredibly powerful aspect of the ATSC 3.0

ecosystem.

But why did the TG3 adopt two different media streaming transport
protocols - ROUTE/DASH and MMT (MPEG Media Transport) -
essentially both designed to deliver real-time content to receiver

devices?



A/331: 2022-09 - 4. System Overview

“Two methods of broadcast Service delivery are specified in this Standard.

The method depicted on the left side of Figure 4.1 is based on MPEG
Media Transport (MMT), ISO/IEC 23008-1 [38] and uses MMT protocol
(MMTP) to deliver Media Processing Units (MPU).

The method shown in the center is based on the DASH-IF [12] profile,
which is based on MPEG DASH [58]. It uses Real-time Object delivery
over Unidirectional Transport (ROUTE) protocol to deliver DASH

Segments...”

https://www.atsc.org/wp-content/uploads/2022/09/A33 1-2022-09-Signaling-Delivery-Sync-FEC.pdf


https://www.atsc.org/wp-content/uploads/2022/09/A331-2022-09-Signaling-Delivery-Sync-FEC.pdf

Standards and Recommend Practices

TG3 approaches the standards development process from the
component level of the transmission airchain up to the point of

broadcast emission.

CTA provides a publicly available Recommended Practice for ATSC
3.0 Television Sets, System Issues (CTA-CEB32.1), Dec 20109.

TG3 produces recommended practices for broadcasters and vendors
for clarity, and provides technical - not business nor viewer-based
best practices - as those extend past the “broadcast emission”



Confusion? ROUTE-DASH vs. MM 7

The A/331 specification could have been clarified as follows (in bold):

"...The method depicted on the left side of Figure 4.1 is based on MPEG
Media Transport (MMT), ISO/IEC 23008-1 [38] and uses MMT protocol
(MMTP) to deliver Media Processing Units (MPU). MMT shall be used for
robust live linear content transmission, including hybrid or scalable
emission delivery models.

The method shown in the center is based on the DASH-IF [12] profile,
which is based on MPEG DASH [58]. It uses Real-time Object delivery
over Unidirectional Transport (ROUTE) protocol to deliver DASH
Segments. ROUTE-DASH shall be used for pre-positioned (VOD),
carousel, or NRT content delivery emissions.



Quick MMT Overview - |SO23008-1

Based on ISOBMFF - 15014496-15
Two “data types” adopted in ATSC3.0:

e MPU -“Media aware fragment of the MPU"”
(MPU - Media processing unit)

e Signalling Message - contain media essence information
(packet_id), timing, and other stream properties descriptors



Quick MMT Overview - |SO23008-1

MMTP Bitstream Representation
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Figure 9 — MMTP packet header, payload and footer (V= 1) Figure 12 — DU header for timed-media MFU
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Figure 15 — MMTP payload header for signalling message mode



ATSC 3.0 with MMT Monbility

MMT Features not described in ISO23008-1, A/331, or A/351 RP:

1.) Robust Depacketization:
Missing or incomplete MFUs can be easily identified, and not
dependent on the TRUN (track run box)

2.) Media-fragmentation aware transport

MFUs can be easily re-constructed, and any missing samples
can be skipped over when pushing to decoder buffer, relying
on decoder error concealment (e.g. mpeg2 macro blocking).

3.) Sparse media tracks across varying physical layer pipes

Ultra-robust audio emission, scalable HEVC (540/1080p),
leverage LDM, even if individual tracks are missing samples.



MMT - Robust Depacketization - out-of-order mode

Robust Depacketization via out-of-order mode enables processing of
each media sample via MFU basis, instead of the MPU level.

Think:

MFU: Media Fragmentation Unit - a single video, audio, or cc
sample, e.g. 1 frame of essence.

MPU: Media Processing Unit - a group of pictures (v/a/cc), e.g. 1 or
2 seconds of media essence.

MDAT: Movie data - all MFU’s concatenated together. position in
box determined via offset (e.g. length) via either MMTHSample
hint or ISOBMFF trun box.



ISOBMFF moof (movie fragment) and trun box

1ISO14496-15 trun Box: Contained in the “moof” box

8.8.8.2 Syntax

aligned(8) class TrackRunBox
extends FullBox(‘trun’, version, tr flags) ({
unsigned int (32) sample count;
// the following are optional fields
signed 1nt (32) data offset;
unsigned int (32) first sample flags;
// all fields in the following array are optional

{

unsigned int (32) e~mnl~ Avvntdinn;
unsigned int <2) sample size;
unsigned int(32) saupic Ifiuye
if (version == 0)
{ unsigned int (32) sample composition time offset; |}
else
[ mi==~d int (32) sample composition time offset; |}

i [ sample count ]



MMT - Robust Depacketization - Out of order mode

1SO23008-1: Implied

“informative” reference "normative” reference
“in-order” mode “out-of-order” mode
mmpu mmpu

https://github.com/jjustmanl/libatsc3/raw/master/architecture/20 1 9-10-25%20-%20MMT%20Design%20-%20Enhancement%20-%20MFU%20and%20SCTE35%20Support%20for7%20ATSC3.0%20-%20jjustman %2 0-
%20draft%20v1.8%20-%20EXT.pdf



https://github.com/jjustman/libatsc3/raw/master/architecture/2019-10-25%20-%20MMT%20Design%20-%20Enhancement%20-%20MFU%20and%20SCTE35%20Support%20for%20ATSC3.0%20-%20jjustman%20-%20draft%20v1.8%20-%20EXT.pdf
https://github.com/jjustman/libatsc3/raw/master/architecture/2019-10-25%20-%20MMT%20Design%20-%20Enhancement%20-%20MFU%20and%20SCTE35%20Support%20for%20ATSC3.0%20-%20jjustman%20-%20draft%20v1.8%20-%20EXT.pdf

MMT - Robust Depacketization - Out of order mode

((° )) ( ))
iIn-order” mode out-of-order” mode
ftyp ftyp
e How can an encoder create a list ——
g of all samples and their length
media | N before the samples have been media || MMT
encoded?
moof mdat
mdat \
moof

https://github.com/jjustmanl/libatsc3/raw/master/architecture/20 1 9-10-25%20-%20MMT%20Design%20-%20Enhancement%20-%20MFU%20and%20SCTE35%20Support%20for7%20ATSC3.0%20-%20jjustman %2 0-
%20draft%20v1.8%20-%20EXT.pdf



https://github.com/jjustman/libatsc3/raw/master/architecture/2019-10-25%20-%20MMT%20Design%20-%20Enhancement%20-%20MFU%20and%20SCTE35%20Support%20for%20ATSC3.0%20-%20jjustman%20-%20draft%20v1.8%20-%20EXT.pdf
https://github.com/jjustman/libatsc3/raw/master/architecture/2019-10-25%20-%20MMT%20Design%20-%20Enhancement%20-%20MFU%20and%20SCTE35%20Support%20for%20ATSC3.0%20-%20jjustman%20-%20draft%20v1.8%20-%20EXT.pdf

MMT - Robust Depacketization - Out of order mode

Receiver Privilege implies Encoder must support MFU emission

9.4.2.2 MMT receiving entity operation

The depacketization procedure is performed at the MMT receiving entity to rebuild the transmitted
MPU. The depacketization procedure may operate in one of the following modes, depending on the
application needs:

— MPU mode: in the MPU mode, the depacketizer reconstructs the full MPU before forwarding it to the
application. This mode is appropriate for non-time critical delivery, i.e. the MPU’s presentation time
as indicated by the presentation information document is sufficiently behind its delivery time.

— Movie Fragment mode: in the Fragment mode, the depacketizer reconstructs a complete fragment
including the fragment metadata and the “mdat”box with media samples before forwarding it to the
application. This mode does not apply to non-timed media. This mode is suitable for delay-sensitive
applications where the delivery time budget is limited but is large enough to recover a complete
fragment.

— MFU mode: in the media unit mode, the depacketizer extracts and forwards media units as fast as
possible to the application. This mode is applicable for very low delay media applications. In this
mode, the recovery of the MPU is not required. The processing of the fragment media data is not
required but may be performed to resynchronize. This mode tolerates out of order delivery of the
fragment metadata MFUs, which may be generated after the media units are generated. This mode
applies to both timed and non-timed media.

Using the MFU sequence numbers, it is relatively easy for the receiver to detect missing packets and
apply any error correction procedures such as ARQ to recover the missing packets. The payload type
may be used by the MMT sending entity to determine the importance of the payload for the application
and to apply appropriate error resilience measures.

https://github.com/jjustman/libatsc3/raw/master/architecture/20 [ 9-10-25%20-%20MMT7%20Design%20-%20Enhancement%20-%20MFU%20and%20SCTE35%20Support?%20for%20ATSC3.0%20-%20jjustman%20-
%20draft%20v1.8%20-%20EXT.pdf



https://github.com/jjustman/libatsc3/raw/master/architecture/2019-10-25%20-%20MMT%20Design%20-%20Enhancement%20-%20MFU%20and%20SCTE35%20Support%20for%20ATSC3.0%20-%20jjustman%20-%20draft%20v1.8%20-%20EXT.pdf
https://github.com/jjustman/libatsc3/raw/master/architecture/2019-10-25%20-%20MMT%20Design%20-%20Enhancement%20-%20MFU%20and%20SCTE35%20Support%20for%20ATSC3.0%20-%20jjustman%20-%20draft%20v1.8%20-%20EXT.pdf

ATSC 3.0 with ROUTE-DASH

ROUTE-DASH limitations not described in A/331 nor A/351RP

1.) No robust depacketization of ROUTE objects.

Specification provides the ability to use AL-FEC, but contains a
temporal latency (e.g. upwards of 30s), and payload overhead
(5% additional utilization for repair symbols).

2.) No Media-fragmentation aware transport.

Live-linear media essences, including signaling information,
must receive EVERY PACKET in order to reconstruct the
delivered object.

3.) DASH does not support sparse media tracks.
Multi-plp with robust or scalable emission will fail with DASH.



ATSC 3.0 with ROUTE-DASH

ROUTE-DASH limitations implied in A/331, but lacking implication
and impact with the “application” being DASH playback:

Upon recovery of both the complete set of packet payloads for the delivery object associated
with a given TOI value, and the metadata for that delivery object, the object 1s handed to the
application.

Metadata recovery depends on the applied delivery mode.

A.3.10.3. General Metadata Recovery

Typically, delivery objects are only handed up to the application if they are complete and intact.

However, 1n certain circumstances a partially received object may be handed up, if the
application API permits this and assuming that sufficient metadata i1s available to enable the
application to handle the partial object. Regarding one defined mechanism for this, please refer to
ETSI TS 126 247 [49], Clause 5.3.2 and Clause 7.3.9, as well as to ETSI TS 16 346 [14], Clause
7.9.

ATSC A/331:2022-09 Annex A: ROUTE 22 September 2022




MMT Packet Analysis - Start of "‘GOP”/ MPU Sequence

MPT Messages: Carry Asset Information, including “PTS” timing per
<packet_id, mpu_sequence_number>

| 22019 77.586807 172.16.200.1 i 40 B L B ATSC3 MMTP MPT_message 2 (0x0012): packet_id: si_message_version: 99
22020 77.586820 172.16.200.1 239.255.51.1 ATSC3 MMTP 5001 1330 packet_id: 100, mpu_seq: 1663358407, moov
22021 77.586830 172.16.200.1 239.255.51.1 ATSC3 MMTP 5001 130 MPT_message 2 (0x0012): packet_id: 100, si_message_version: 99
22034 77.653876 172.16.200.1 239.255.51.1 ATSC3 MMTP 5001 1514 packet_id: 100, mpu_seq: 1663358407, mdat sample: 1, offset: ©
22035 77.653989 172.16.200.1 239.255.51.1 ATSC3 MMTP 5001 1514 packet_id: 100, mpu_seq: 1663358407, mdat sample: 1, offset: 1432

Asset ID Scheme: ©
Asset ID Length: 16
Asset ID Bytes: 1111111111111171111171111111111111
Asset Type: hevl
1111 11.. = Reserved _6: 63
..0. = Default Asset Flag: ©
sss .1 = Asset Clock Relation Flag: 1
Asset Clock Relation ID: ©
1111 111. = reserved_7: 127
ass .1 = Asset Timescale Flag: 1
Asset Timescale: 90000
Asset Location Count: 1
Location Type: MMT_LOCATION_TYPE_SAME_MMTP_PACKET_FLOW (@)
Packet ID: 100
Asset Descriptors Length: 15
Asset Descriptors Bytes: 00010c6324d5c7e6e8b5¢c568311fff
Descriptor
Descriptor Tag: MMT_MPU_TIMESTAMP_DESCRIPTOR (1)
Nas—-—-" * :
MPU Sequence Number: 1663358407
MPU Presentation Time: 16638748682781532159

00 00 00 00 00 VY vv wo vV VU VYU VO 08 00 45 00 E
00 74 58 82 40 00 40 11 4a e4 ac 10 c8 01 ef ff tX-@g@ J

33 01 cd 65 13 89 00 60 97 84 62 02 00 64 b5 9 3@ ) b:-d--
20 99 68 e3 3c 8e 85 e5 4e ad a4 00 00 00 00 12 3 R -CICICEN | DRCRCICICICR
63 00 3T 12 63 00 3b 04 01 00 00 00 00 00 00 00 Cef:'Cegs sssrsuns

20 10 11 11 11 11 11 11 11 11 11 11 11 11 11 11 @ s svwwes wnnnnnns

11 11 68 65 76 31 fd @@ ff @00 @01 5f 90 @1 00 00 *+hevl:: Lo
0070 64 00 Of 00 @1 Oc 63 24 d5 c7 e6 e8 b5 c5 68 31 2 I, cY ' hl
0080 1f ff 0




MMT Packet Analysis - Start of " GOP”/ MPU Sequence

MPU Fragment Type: Init Metadata - similar to the MOOV ISOBMFF
box header,

22020
22021
22034
22035
22036

77.586820
77.586830
77.653876
77.653989
77.654004

172.16.200.1
172.16.200.1
172.16.200.1
172.16.200.1
172.16.200.1

239.255.51.1
239.255.51.1
239.255.51.1
239.255.51.1
239.255.51.1

ATSC3 MMTP
ATSC3 MMTP
ATSC3 MMTP
ATSC3 MMTP
ATSC3 MMTP

5001
5001
5001
5001
5001

1330

130
1514
1514
1514

packet_id: 100, mpu_seq: 1663358407,
MPT_message 2 (0x0012): packet_id:

packet_1id: 100, mpu_seq: 1663358407,
packet_id: 100, mpu_seq: 1663358407,

moov
100,
mdat
mdat
mdat

si_message_version: 99
sample: 1, offset: ©

sample: 1, offset: 1432

packet_id: 100, mpu_seq: 1663358407, sample: 1, offset: 2864

MPU Payload
0000 .... =
l... =

Length: 1268

MPU Fragment Type:

Timed Flag: 1
.00. = Fragmentation Indicator: Complete DU (@)
..® = Aggregation Flag: ©

Fragmentation Counter: ©

MPU Sequence Number: 1663358407

DU

Init/MPU Metadata (0)

6f
00
69
6f
00
01
01
01
00
00
00
00
00
00
00

0050
0060
0070
0080
0090
00aod
00bo
00co
00do
00e0
00T0
0100
0110
0120
0130

M. -

00
6d
21
31
64
80
00
00
00
00
00
5¢C
00
00
00

00
6d
00
00
00
00
00
00
00
00
ff
74
00
00
00

00
70
00
00
00
00
00
00
00
00
ff
6b
00
00
00

00
75
00
04
00
00
00
00
00
00
ff
68
00
00
00

69
00
@c
bl
00
00
00
00
00
00
ff
64
01
00
00

73
00
76
ed
00
00
00
00
40
00
00
00
00
00
00

6d
00
64
6f
00
00
00
00
00
00
02
00
00
00
00

6d
80
65
76
00
00
00
00
00
00
7a
Q7
00
00
00

70
63
6f
00
00
01
00
00
00
00
74
00
00
00
00

75
24
61
00
00
00
00
00
00
00
72
00
00
00
00

66
d5
73
00
00
00
00
00
00
00
61l
00
00
00
00

Mo~

00
c7
73
6C
00
% 1%)
00
00
00
00
6b
00
00
00 00
00 00

P -~

00
00
65
6d
00
00
00
00
00
00
00
00
00

00
00
74
76
03
00
00
00
00
00
00
00
00
01
01

P

++++isom mpuf:-+%
.Cs .....
..... vid angssetd
*+moo v-:- lmvh



MMT - Start of each sample - "Hint Track”

MMTHSample provides media-fragmentation aware transport

8.3 Sample format

8.3.1 Definition

Each media sample will be assigned to one or more MFUs. Each sample of the MMT hint track will
generate one or more MFUs. The hint sample may omit certain bytes of an MFU if deemed redundant,
such as the length field of a NAL unit in the case of AVC or HEVC video bitstreams.

8.3.2 Syntax

aligned(8) class MMTHSample ({

unsigned int (32) sequence number;

if (is_ timed) {
signed int (8) trackrefindex;
unsigned int (32) movie fragment sequence number
unsigned int (32) samplenumber; -
unsigned int (8) priority;
unsioned i=+ /(03 danandency counter;
unsigned int (32) offset;
unsigned int (32) length:
MUllLiluaycitiiow \J s

} else {
unsigned int(16) item ID;

}

}

...most importantly the “length” of this sample



MMT - Start of each sample - "Hint Track”

Example Parsing of MMTHSampIe for Sample #1 @ offset O

‘ atsc3_demod_pcap_dump.1665021693.4066.demuxed.pcap

ll @ M1 RPB Qe=>=3 9 Q Q & TF

[‘ | atsc3-mmtp

No. Time Source Destination Protocol Destinatic Length Info
22034 77.653876 172.16.200.1 2390255511 ATSC3 MMTP 5001 1514 packet 1d 1@0 mpu_ seq 1663358407 mdat sample 1 offset 0
22035 77.653989 172.16.200.1 2305255l ATSC3 MMTP 5001 1514 packet id: 100, mpu seqa: 1663358407, mdat sample: 1, offset: 1432

MPU Payload Length: 1452
0010 .... = MPU Fragment Type: MFU (2)
. 1... = Timed Flag: 1
.01. = Fragmentation Indicator: First DU Fragment (1)
..0 = Aggregation Flag: 0
Fragmentation Counter: 25
MPU Sequence Number: 1663358407
Movie Fragment Sequence Number: 1
Sample Number: 1
Offset: @
Subsample Priority: 1
Dependency Counter: 0
MMTHSamp le
Sequence Number: 0
Track Ref Index: 1
Movie Fragment Sequence Number: 1
Sample Number: 1
Priority: 1
Dependency Counter: 1
Offset: @
Length: 37158
muli

0060 01 00 00 00 * 00 00 91 26 00 " 00 @b 6d 75 6¢
69 00 00 00 Ov .. .. 10 00 00 00 21 40 i

"na ~ _ "na r r r r "o~ -~ "~ "~ "~~~ "~ o~ "~ "~ "~ "~

1.) MMTHSample.length: OxO0 Ox00 0x91 0x26 -> 37158 bytes long
2.) Fragmentation Counter: 25 DU’s contained in this sample

mul
'@

e



MMT Playback Demo - 16QAM

7.01 @ ™M Bk N O D+ 4 BI7%

> Context ID: tag:sinclairplatform.com,2020:KUNS:3103 *

> App BB: https://cdn.sinclairplatform.com/public/BA/819
/20220927.085949/nrt-819/index.html?wsURL=wss%3A%2F
%2Flocalhost%3A39587&rev=20200107, BC: https://localhost:
41946/702f23779fe4d189da39fe31af12e306/index.html
2wsURL=wss%3A%2F%2Flocalhost%3A39587&rev=20200107

> NO Application available

> Media: content://com.nextgenbroadcast.mobile.middleware

.provider.mmt/5005 800

PHY: TunLk: 1, DmLk: 23 (RF: 1, L1B: 1, L1D: 1)

PLk:Any: 0x01, All: 0x00, Cpu: R

RSSI: -59.000 dB (raw: -59000), SNR: G:15.22, L1B:15.24,
L1D: 15.23

PO:SNR:14.65, MC:G:1, Bch+Ldpc16K (0), 16QAM (1), 11/15 (9)
BER: p_ldpc: 22161, p_bch: 9
pst_bch: 41698800, t_fec: 3510, t_e_fec: 0

Last 1s: 2.31 Mbit/s, 278 PPS
Avg : 5.74 Mbit/s
Totals : 28805.50 WMB, Pkt: 24339920, LMT: 306214, Run:
40124 .14s
600
SFN: L1b_time_info_flag: 3
L1 TAI : 1665021747.880159 (2022-10-06T02:02:27.8802)

L1 unixTs: 1665021710.880159 (2022-10-06T02:01:50.880Z)
NTP Ts: 1665021712.445000 (2022-10-06T02:01:52.4457)
DELTA 2 1.564841

Packets/1 sec

400

200

la carrera de economia?
jErwin: S - .

Video Link:

https:.//www.dropbox.com/s/fhm3s9mq/pkpfa6/2022-10-05-wba-screen-recording.mmt.mp4?2di=0



https://www.dropbox.com/s/fhm3s9mq7pkpfa6/2022-10-05-wba-screen-recording.mmt.mp4?dl=0

ROUTE Playback Demo - 64QAM

7.02 @ ™M Bk N O Dhte 4~ B9%6%

> Context ID: tag:sinclairplatform.com,2020:KOM0:3123 Q
> App BB: https://cdn.sinclairplatform.com/public/BA/819
/20220927.085949/nrt-819/index.html?wsURL=wss%3A%2F
%2Flocalhost%3A39587&rev=20200107, BC: https://localhost:
41946/a4f035235390c5cf2b2467f3143673fc/index.html
2wsURL=wss%3A%2F%2Flocalhost%3A39587&rev=20200107

> App Path: /data/user/0/
com.nextgenbroadcast.mobile.middleware.sample/cache/
4e506db323bc58e302727533568456ad745b1a9fe4fd8340821 800
23a14c8ee6d87

> Media: content://com.nextgenbroadcast.mobile.middleware
.provider.dash/5002/mpd.mpd

PHY: TunLk: 1, DmLk: 55 (RF: 1, L1B: 1, L1D: 1)

PLk:Any: 0x01, All: 0x00, Cpu: R

RSSI: -56.000 dB (raw: -56000), SNR: G:16.06, L1B:16.09,

L1D: 16.09

PO:SNR:15.66, MC:G:1, Bch+Ldpc16K (0), 16QAM (1), 11/15 (9)
BER: p_ldpc: 25691, p_bch: 36

pst_bch: 41698800, t_fec: 3510, t_e_fec: 0
P1:SNR:15.43, MC:G:1, Bch+Ldpc64K (1), 64QAM (2), 9/15 (7)
BER: p_ldpc: 23549, p_bch: 153 600
pst_bch: 45372960, t_fec: 1167, t_e_fec: 0
Last 1s: 5.89 Mbit/s, 621 PPS
Avg  : 5.74 Mbit/s 8
Totals : 28824.48 WB, Pkt: 24357189, LMT: 306445, n
40182.30s —
@
SFN: L1b_time_info_flag: 3 4+
L1 TAI  : 1665021805.948900 (2022-10-06T02:03:25. g
L1 unixTs: 1665021768.948900 (2022-10-06T02:02:48. O
NTP Ts: 1665021770.516000 (2022-10-06T02:02:50. ©
DELTA 2 1.567101 o
400
200

Video Link:

https://www.dropbox.com/s/rOjinayé6kqzp6ix/2022-10-05-wba-screen-recording-route-64qam.mp4?2di=0



https://www.dropbox.com/s/r0jinay6kqzp6lx/2022-10-05-wba-screen-recording-route-64qam.mp4?dl=0

ROUTE Playback Demo - 256QAM

7.:04 @ ™M Bk N QD+ 4 B95%

> NO Context ID Q

> NO Entry Point

> NO Application available

> NO Media Url

PHY: TunLk: 1, DmLk: 23 (RF: 1, L1B: 1, L1D: 1)

PLk:Any: 0x01, All: 0x00, Cpu: R

RSSI: -50.000 dB (raw: -50000), SNR: G:19.64, L1B:19.72,
L1D: 19.76

PO:SNR:19.51, MC:G:1, Bch+Ldpc16K (0), 16QAM (1), 11/15 (9) 800
BER: p_ldpc: 77064, p_bch: 179
pst_bch: 150115680, t_fec: 12636, t_e_fec: 284

P2:SNR:19.64, MC:G:0, Bch+Ldpc64K (1), 256QAM (3), 11/15 (9)
BER: p_ldpc: 267943, p_bch: 989
pst_bch: 369515520, t_fec: 7776, t_e_fec: 7024

Last 1s: 2.14 Mbit/s, 261 PPS
Avg : 5.73 Mbit/s

Totals : 28882.10 WMB, Pkt: 24407130, LMT: 307088, Run:
40300.66s

SFN: L1b_time_info_flag: 3

L1 TAI  : 1665021924.339047 (2022-10-06T02:05:24.339Z) 600

L1 unixTs: 1665021887.339047 (2022-10-06T02:04:47.339Z)

NTP Ts: 1665021888.894000 (2022-10-06T02:04:48.89427)

] Packets per second

Video Link:

https.//www.dropbox.com/s/ys5 1y 18vt3xynsn/2022-10-05-wba-screen-recording-route-256qgam.mp4?di=0



https://www.dropbox.com/s/ys51y18vt3xynsn/2022-10-05-wba-screen-recording-route-256qam.mp4?dl=0

Conclusion

MMT enables robust and reliable live linear
content via ATSC 3.0 and IP multicast to the
next generation of mobile handset devices and
mobility receivers, without sacrificing
traditional fixed CE device experiences.



Supplemental Links

libatsc3: https://github.com/jjustman/libatsc3

libatsc3 Android Sample App: https://github.com/jjustman/libatsc3-middleware-sample-app

libatsc3 Android TV App: https://github.com/jjustman/libatsc3-android-tv-app

Wireshark with ATSC3.0 Protocol Support: https://github.com/jjustman/wireshark-atsc3

Presentation Video Demos/ATSC3 Demodulated PCAP for Wireshark analysis:

https://www.dropbox.com/sh/wfokixhxOgtldba/AAB22nOboJQbJFeU57J-SY-ya?dI=0



https://github.com/jjustman/libatsc3
https://github.com/jjustman/libatsc3-middleware-sample-app
https://github.com/jjustman/libatsc3-android-tv-app
https://github.com/jjustman/wireshark-atsc3
https://www.dropbox.com/sh/wfokixhx0qtldba/AAB92nOboJQbJFeU5ZJ-SY-ya?dl=0

THANK YOU



