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What is the purpose of the AVB Transport Protocol?

IEEE 1722 enables interoperable streaming by defini  ng:

Media formats and encapsulations
Raw & compressed audio/video formats
Bridging IEEE 1394 LANs over AVB networks
Media synchronization mechanisms
Media clock reconstruction/synchronization
Latency normalization and optimization
Multicast address assignment
Assigning AVB Stream ID

Media clock master
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Where does the transport protocol fit?

9 March 2009

Control Applications
(UPnP/DLNA, A/VC, HiQnet, etc)

Grand Master

Clock Streaming Media API
Selection
IEEE 1722
Layer 2 AVB TCP/AP
Protocol
Transport
IEEE Protocol SEES
IEEE 892.'1AS 802.1Qat
Precision .
. Bandwidth
Time Protocol Reservation
IEEE
802.1Qav
Shaping

IEEE 802 Ethernet Driver
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AVBTP packet components

Ethernet header
plus

Common frame header
Control frames
Common control frame header
Protocol-specific headers & payload
or
Streaming frames
Common stream data header

Streaming data headers & payload
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AVBTP packets encapsulated within Ethernet header

transmitted first
0 1 2 3

0123456789012 345¢61789012345¢617389 01
DA (MAC destination address, upper 32 bits)

| | | | | | | | |
A MAé de‘stina‘ltion‘ addresé, IoWer HG b‘its)‘ ‘A | A‘ so‘ rcé ad ‘res‘ u‘ er‘16 "ts |
————— | PAMAG sojres address, upper/6 bits)

MAC Header 04 e
08 SA (MAC squrce address, lower 32 bits),

PCP |cr ~ VID (VLAN IDENTIFIER)

VLAN Tag 12
AVBTP Type 16

- AVBTP packet ~
FCs ethemet_CfC|

TPID = 81001)

(
(802.1Q
EtherType (AVBTP = 88B545)

00
802.3 1 I‘b

transmitted last
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AVBTP frame common header fields

0 1 2 3
0123456178 901234561789012345¢617289°01
00 Jcd subtype sv| version |subtype data1 subtype_data2
04 I I I I I I I I I I I ' I I I I I I I I I I I I I I I
— stream_id S
08 | | |
12

Additional header, payload data, and padding varies by subtype

L

oy
L
A

fl-3 byte padding as necessary to fill last quadlet on last or only fragmen{

cd: control or data packet

subtype : protocol type

sv: stream_id valid

version : revision of p1722 standard
subtype datal/2 : protocol specific info
stream_id : IEEE 802.1Qat stream ID
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Command/control packet header (cd=1)

0 1 2 3
0123456738 9012345617 389012345¢617389101
00 Jcd subtype sv| version | control data1 status control_frame_length (bytes)
04 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1
08 — stream_id e
12

rr

Control frame additional header(s) and payload varies by subtype and subtype_data fields and

are padded as necessary to ensure integral number of quadlets

£
A

f1-3 byte padding as necessary to fill last quadlet on last or only fragmen{

control_datal : protocol-specific data
status : status flags, values, etc

control_frame_length : length in bytes of control payload
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AVBTP common stream data header

0 1 2 3

0123456789012 345¢617389012345¢617389201
00 fcd subtype sv| version |mr|r |gv]|tv seq_number gm_discontinuity h
04 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1
08 — stream_id —_—
L 1 S D
1 6 ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ | g‘ate\‘fvay“'lnf()‘\ | ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\ ‘\
20 o p‘ackét_d‘ata_‘lendth (Byteé) S S brotc‘)col‘_spe‘cific‘_pa‘cket‘_he‘ader‘ S
24

stream_data_payload
WA (additional protocol header, protocol payload data, and padding varies by protocol) WA

fi-3 byte padding as necessary to fill last quadlet on last or only fragmen{

mr: media engine restart

r: reserved

gv: gateway _info field valid

tv: avbtp timestamp valid
seq_number : sequence number

gm_discontinuity : grandmaster discontinuity
h: holdover
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AVBTP subtype field specifies streaming protocol

Hex Function Meaning

Value

0046 61883/1IDC 61883/IIDC over AVBTP
00+-7E16 | - Rsvd — future protocols
7TF 16 Proprietary Proprietary/experimental

Identify registration authority to administer futur e assignments?
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Support for raw & compressed audio/video i.e. Firew  ire

Formats based on IEC 61883 parts 1-8*
61883-2 SD-DVCR
61883-4 MPEG2-TS Compressed Video
61883-6 Uncompressed Audio
61883-7 Satellite TV MPEG
61883-8 Bt.601/656 Video

IIDC Uncompressed Industrial Cameras
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61883-n header/streams encapsulated in 1722 packets

o0

subtype (0) svj ver mrjrjgvf tv seq_number gm_discontinuity h

AVBTP type/cntl 16

ofololojJolojJolololojJolololol ol ofololololoJololoMlolololoJololo

20 stream_id (upper 32 bits)
802.1Qat IR AN SN AN A RS BN SN BN BN SN E R I AN B A A R
Stream 1D 24 stream_id (lower 32 bits)
|1 ] ] | | | | I I | | | ] | | | | | |1 | | | | |
AVBTP Time 28 avbtp_presentation_time
| I I I I I O | ] 1 1 | |
Fragment header 32 fc reserved fragment_len (quadlets) stream_sequence (quadlets)

ol oflololololololololoJolalal i ]o | | | ] | | | | | | ] |

acket_data_length (octets tal channel (= 31 tcode(A: s
Packet header 36 packet_data_length (cctets) 9 =31) (Aro) y
olololoJololJoloJololalalalolol oNolsNolalalalal i Balolal oBolololo
EOH/ — S
40 ok SID (= 63) DBS PN | orc |R] sy DBC
61883 o)l oflalajalajalallololoJololol il ofoloRoJololollolo |
CIP header EOH/ EMT EDE SYT
44 form
EVT | N SFC
1|l oflolalolololo 0|0|0|0|0|0|1|0 P I I I e I e e I
48 Stream Data
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P1722 packet format for 61883-6/AM824 (Multi-bit linear audio) 48kHz stereo stream

DA (MAC destination address, upper 32 bits)

00
Xalllpe e s b L
802.3 04 DA (MAC destination address, lower 16 bits) SA (MAC source address, upper 16 bits)
618836 MAC header RS NN N N
08 SA (MAC source address, lower 32 bits)
. I I | | I I | Ll [ | I O
3 TPID (802.1Q = 8100 PCP < VID (VLAN Identifi
audio paCKEt VLAN Tagfield 12 (e02.4Q=6100:) r (VAN et
1|o|o|0|o|o|0|1|0|o|0|0|0|0|0|010|100|0|0|0 ol ololololololo
AVBTP type/cntl 16 EtherType (AVBTP = 88B5;5) g subtype stream_reserved \‘,
1|o|o|n|1|o|n|o|1|o|1|1|n|1|n|1 oflolololololololololololololo
20 stream_id (upper 32 bits)
802.1Qat el
Stream ID 24 stream_id (lower 32 bits)
I I I | | I Y | I I I O | | I O |
AVBTP Time 28 avbtp_presentation_time
| L1 1 | | I O I | I I | I I
Fragment header 32 fc reserved fragment_len (quadlets) stream_sequence (quadlets)
oloflololololo o|o|o|o|o|1|1|1|o | I | [ Ll
ket_data_length (octet t hannel (= 31 tcode
Packet header 36 packet_data_length (octets) ag channel (; )  A) sy
ololololololololololalalalololollolalolalalalalalalolalololololo
40 oKy SID (= 63) DBS FN | orc E rsv DBC
61883 ol oflilalalalalaBololololololalollolofolo]jolofolof | 1 | | | | |
CIP header EOH/ EMT EDF SYT
44 form
EVT N SFC
1]lofolalolololo 0|0|0|0|0|0|1|0,|,|,|,|,|,|,|,|,|,|,|,i,|,|,i
48 label 24-bit audio sample (Left channel)
AS1 AS2
61883-6/AM824 AN hdh EEEEEEEE RN RN
(sample #1) 52 label 24-bit audio sample (Right channel)
SRR il BREEEEEE NN NN
56 label 24-bit audio sample (Left channel)
61883-6/AM824 ool
(sample #2) 60 label 24-bit audio sample (Right channel)
| ASL | AS2 | |
olalololojololofl | | | | | | | I I I I
- -
- A A
(Samples 3-6) X +
FCS 96 Ethernet_crc
I I | I I | | I T O I | I O I |
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Example 61883-8 video packet

P1722 packet format for 61883-8, Source Packet Type=0 (video data)

Subtype data 00 S subtype | stream_reserved |\‘,| subtype_data2 gm_info
oflololoJoloJoloBololololololo olololololololo | 1 1 1 J | |
stream_id (upper 32 bits)
04
802.1Qat T NI T N N N O I N Y N B O O B A
Stream ID 08 stream_id (lower 32 bits)
Y | I | ) Y | | [
. btp_ti t
AVBTP Time 12 avbip_timestamp
| I | I ) Y | | [
Fragment 16 fc pkt_hdr_len fragment_len (quadlets) stream_sequence (quadlets)
header ololBololol1lo o|o|o|o|o|1|1|1|0 | I I | | | | | |
acket_data_length (octet ta channel (= 31 tcode
Packet header 20 Packet_data_length (octets) g G0N A >
oJoJololJoJolajJolalalofalalaloloBolaifolalalalalilMaJolalololololo
o EOH SID (= 63) DBS FN | oPc E rsv DBC
61883 ololatatagagat b 0 1 1 1 1 Rolofololololotod 11 1 | | | |
CIP header EOH/ EMT FDF SYT
28 form
reserved
1| oflololJololJolal-| | |.-|. I S e O e e e e e e I I e Iy e
32 Compression Mode Specific Information r Ver Type
VDSPC N s Line number =0 =0
I I N I L I I I Y I | l ololoalalals
byte 1 video data byte 2 video data byte 3 video data byte 4 video data
61883-8 36
Source Packet I I I I I I I | I I | I I O I
Data
I I N O I I I I | I I | I I T I
752 byte 717 video data byte 718 video data byte 719 video data byte 720 video data
[ 1 1 ] | | | [ 1 1 | ] | | [ 1 ] |1 | | [ 1 1 | | | |
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Bridging IEEE 1394 LANS
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“Interworking Units” bridge 61883 between Firewire and AVB LANs

IEEE 1394 Talker >

WU

AVB Talker

AVB Netw

AN

ork S—»

WU

>
IEEE 1394

LEtener

3
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AVB Listener
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Synchronization mechanisms

Media clock reconstruction
Media clock master selection/management
Presentation Time

Latency normalization

9 March 2009 IEEE 802.1 Plenary Vancouver, BC



Harman International

Media clock info embedded in talker’'s presentation
tl m estam pS 1722 Stream

Timestamps Data

7166667

7333333

Talker Stream

8666667

802.1AS 8833333
Wall Time

@ 9000000

% AVBTP

Timestamp

Media clock @ Generator
(local oscillator) %
AD [ ) 1722Data
Incoming Analog &
Data
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Presentation Time Stamps and 802.1AS wall time
used to recreate media clock 722 Steam

Timestamps Data

7166667

7333333

Incoming Stream

8666667

8833333

802.1AS
Wall Time
9000000

AVBTP Timestamp
Q Comparator

Clock Generator

AVBTP timestamps

Generated media
clock \
~
Outgoing Analog
D (™ DIA
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Media clocks are derived from cross-timestamping

ey /
N
48khz

Word Clock
00000 00000000000 00ECEC0000
Samples
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A/V stream media clock management 2

256 addresses for unique media clocks
Located at top of p1722 MAAP OUI range
Each address identifies a uniqgue A/V media clock source
Specified on per stream basis i.e.
48 kHz audio word clock
44.1 kHz audio word clock
Video genlock source

Etc

Globally pre-assigned or dynamically negotiated?
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Latency Normalization

Default Presentation
Time is 2 mS...

Speaker B

Speaker A buffers audio until Speaker B receives
audio and presentation time is reached

9 March 2009 IEEE 802.1 Plenary Vancouver, BC



1 Harman International

Default Presentation Time is 2 ms...

... but Presentation Time
can be dialed down

Talker is responsible for setting delay...
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Multicast Address Allocation Protocol 3

Stream Addresses must be unique
Stream Addresses also needed above Layer 2 i.e. IP, RTP, UDP...

IP Streams
Need to use IPv4/IPv6 multicast addresses
Established Multicast infrastructure
Unique layer 2 multicast not guaranteed
Mapping from IP to layer 2 is not reversible
Layer 2 Streams
No current method for dynamic Multicast Allocation

Vendors could assign additional MAC addresses to devices
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Address Acquisition Algorithm

Pick random Stream

Address(es)
Probe
Ai(tjored? N
Watch for Reply I
Pick random
address from < ygg
range
Yes
Send Probe > Wait No
t ;

Address available
for use
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Address Defense Algorithm

Watch for Probe
packets

If a conflict, send a
Reply

Receive Probe Yes+ Send Reply

No
v

Do Nothing
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MAAP Control Frame

transmitted first

0 1
01234567 8901234K5
-18 A I A I A 00 Note: A sending device may send
-16] DA (destination MAC address] 02 | MAAP frames in an untagged
14 e e 04 formatbutit is recommended
BO2.3MAC T T T T T T N TN S SN N N that MAAP frames be 802.10)
header -12 | I | | 06 | tagged with PCP value set to 6.
| | | | | | | | | l 1 |
-1 I:II L SA(source MAC address] =~ 08
_ﬂal | 1 1 | ] | I I | Il 1 | 1 1 1|:|
302107 08 | | TPID{8021R/Q=8100,) |12
field” g4l pcpie) ] | |, VID(VLAN lentifier ) | 14
Ehetype-02] | | cpe(MAAP-TBDvale) |16
00 18
b MAAP control frame data A
Optional padding {to ensure minimum size ~
¥ 802.3 frame size) e
42-1500 ., ., , , fEhemeterc  |60-1518
L | 1 | | 1 | ] |l | 1 1 | 1 L

transmitted last
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MAAP frame format
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00
02
04
06
08
10
12
14
16
18
20
22
24

transmitted first

0 1
01234568 78501234%5

Iﬂalgsl

_ message_fype

Ireque?tnﬁ_ail:ldr:ess.l

Ireque;smil:l_sllart'_anl:ldr?ssl

req uq:stqd_:lznq nit .

o i

Ic:o1.|ntl

Irenlewl_tlr}'leculut l.assrlgq message m;llﬂl

transmitted last

IEEE 802.1 Plenary
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MAAP message types

Value FUNCTION Meaning

{decimal)

0 - Peserved

1 MAAP PROBE Probe MAC address(es) frame

2 MAAP DEFEND Defend address(es) response frame

3 MAAP ANNOUNCE Announce MAC address(es) acguired frame
4 MAAP RELEASE Eelease MAC acquired address(es)

5 MAAP ASSIGN Assign MAC address(es) command

6 MAAP UNASSIGN Unassign MAC address(es) command
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Address Acquisition Packet

Protocol allows for a single
address or a range to be
requested

Destination Address
(FF:FF:FF:FF:FF:FF)

Reply packets should contain only
the conflicting addresses Source Address

Ethertype
(too be defined)

Type
(1 = Probe, 2 = Reply)

Start Address

End Address
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256 MAAP addresses reserved for media clocks

Value (hex) FUNCTION Meamng
005 to 0F 14 - Eeserved
1015 MAAP DEF AUDIO Default Audio Clock
115 MAAP DEF VIDEO Default Video Clock
1215 ta FE s -- Beserved

|dentify Registration Authority to administer MAAP Media Clock addresses?
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What's left to finish IEEE 17227

Define Maximum Holdover Time

Get from 802.1AS maximum convergence time amount or formula

Finish Media Clock Master algorithm

Negotiate clock addresses or pre-assigned?

Latency
Define Class B latency guarantees

Define latency measurement points

RAC requests
AVBTP Ethertype, MAAP Ethertype & OUI

Define ext. variable interface
Resolve Editor's Notes, inconsistencies, editorial errors, etc
Draft version/comment iterations as necessary

Aiming to start ratification process in CY2009
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More info...

Website

http://grouper.ieee.orqg/groups/1722/
Email reflector

subscribe avbtp <FirstName> <LastName> to ListServ@ieee.org

Weekly phone conferences

The AVB L2 Transport Protocol Working Group holds weekly phone
conferences on Mondays at 2:00 p.m. Pacific/Los Angeles time.

Phone bridge: +1.866.888.5021 or +1.630.693.2119, Access code:
8451103#

Face-to-face meetings every two months

Next meeting April 23, 2009 hosted by Xilinx in San Jose, California
Send RSVP to rboatright@harman.com
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