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Foreword

ISO (the

International Organization for Standardization) and

IEC (the International

Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental

and non-gov
technology, |

International
The main ta
Standards ad

an Internation

Attention is d
rights. ISO ar

ISO/IEC 1441
Subcommitte

brnmental, in liaison with 1ISO and IEC, also take part in the work. In the field of inforn
50 and IEC have established a joint technical committee, ISO/IEC JTC 1.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives}-Part 2.
5k of the joint technical committee is to prepare International Standards., 'Draft Interna
opted by the joint technical committee are circulated to national bodies forwvoting. Publicat

al Standard requires approval by at least 75 % of the national bodies gasting a vote.

rawn to the possibility that some of the elements of this document'may be the subject of
d IEC shall not be held responsible for identifying any or all sueh-patent rights.

6-3 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information techn
b SC 6, Telecommunications and information exchange between systems, in collaboratio
entical text is published as ITU-T Rec. X.607 (02/2007).

6 consists of the following parts, under the general title Information technology — Enh
ns transport protocol.

pecification of simplex multicast transpart
pecification of QoS management for simplex multicast transport
pecification of duplex multicaSt'transport

pecification of N-plex multicast transport
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Introduction

This Recommendation | International Standard specifies the Enhanced Communications Transport Protocol (ECTP),

which is a transport protocol designed to support Internet multicast applications running over mu
networks. ECTP operates over |Pv4/IPv6 networks that have the IP multicast forwarding capability wi
IGMP and IP multicast routing protocols. ECTP could possibly be provisioned over UDP.

[ticast-capable
th the help of

ECTP is designed to support tightly controlled multicast connections in simplex, duplex and N-plex applications. This
third part of ECTP (ITU-T Rec. X.607 | ISO/IEC 14476-3) specifies the protocol mechanisms for reliability control in
the duplex case. ECTP aso prowdes QoS management functions for stable management of the QoS of the connection

b management

rs. TC-Owner
the two types
0 unicast data

icpst data to the

e TC-Owner.

all  connection
d the late join

he TC-Owner

gers respond to

| suited to the
(e.g., remote
hder (lecturer)
Fespond to the

ications (e.g., a
panel| conferencing) in which afew of TS-userswant to send multicast data to the group. In this scenariq,

the multicast

data from the TS-users may first be delivered to the TC-Owner by unicast, and then TC-Owner will transmit the

receiyed unicast data to the group by multicast. For example, in the panel conferencing, some of the TS
as apanel and transmit multicast datavia TC-Owner (the conference convener) to the listener group. The
the dyiplex multicast connection depends on the applications of this duplex multicast transport protocol.

users may act
Hetailed use of

© ISO/IEC 2008 — All rights reserved
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology — Enhanced communicationstransport protocol:
Specification of duplex multicast transport

1 Scope

:2008 (E)

This Recommendation | International Standard specifies the Enhanced Communications Transport Protoco
which is @ transport protocol to support Internet multicast applications over the multicast-capable | P networks)

This Recommendation | International Standard specifies the ECTP part 3 (ECTP-3) for the duplex multicas
connection in which the participants are classified into one TC-Owner and many TS-users, The duplex
transport connection supports two kinds of data transport: the multicast data transport from FC-owner to all

(ECTP),

transport
multicast
the other

TS-users jand the unicast data transport from TS-users to TC-Owner. A TS-user is alowed to send unicgst data to

, only if it gets atoken from TC-Owner.

ification describes the protocol for supporting the duplex multicast trangporty which includes the donnection
t (establishment, termination, pause, resumption, user join and leave) and+the reliability control mechanisms

for the mplticast and unicast data transport. In particular, the protocol operations'for the multicast data trangport from

to the TS-users will be designed with the congruency of the simplex multicast transport protocol
inITU-T Rec. X.606 | ISO/IEC 14476-1.

Nor mative references

The folloywing Recommendations and International Standards-contain provisions which, through reference ir
constitutg provisions of this Recommendation | International’ Standard. At the time of publication, the editiong

ECTP-1),

this text,
indicated

were valid. All Recommendations and Standards are subject to revision, and parties to agreements basgd on this
Recommendation | International Standard are encouraged to investigate the possibility of applying the mpst recent

edition off the Recommendations and Standardsdisted below. Members of IEC and SO maintain registers 0:]
valid Intgrnational Standards. The Telecommuinication Standardization Bureau of the ITU maintains alist o
valid ITUFT Recommendations.

—  ITU-T Recommendation X.601 (2000), Multi-peer communications framework.

—~ ITU-T Recomendation X.602 (2004) | ISO/IEC 16513:2005, Information technology
management protocol.

—  ITU-T Recammendation X.605 (1998) | ISO/IEC 13252:1999, Information technology —
communications transport service definition.

—  ITU-T:\Recommendation X.606 (2001) | ISO/IEC 14476-1:2002, Information technology —
communications transport protocol: Specification of simplex multicast transport.

— , UTU-T Recommendation X.606.1 (2003) | ISO/IEC 14476-2:2003, Information technology —
communications transport protocol: Specification of QoS management for simplex multicast tr4g

3 Definitions

This Recommendation | International Standard is based on the following definitions, which were specified in
Communications Transport Service (ITU-T Rec. X.605 | ISO/IEC 13252).

a) Transport connection: Simplex, duplex and N-plex;

b) TC-Owner and TS-users.

currently
currently
— Group
Enhanced
Enhanced

Enhanced
Insport.

Enhanced

This Recommendation | International Standard uses the following terminologies specified in Enhanced Communications

Transport Protocol: part 1 (ITU-T Rec. X.606 | ISO/IEC 14476-1).
a) control tree;
b) parent and children;

ITU-T Rec. X.607 (02/2007)

1
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This Recdmmendation | International Standard also applies the following definitions:

0)

d)

e

TO (Top Owner):

TO isasingle sender of multicast data packets, which can transmit multicast data to the other TS-users,
and it manages overall operations of ECTP-3. The TO will be designated among the TS-users before the
connection begins, and the TO will do the functions of TC-Owner;

LO (Loca Owner):

An LO islocated on the control tree of ECTP-3. One or more LOs could be designated for scalable error
recovery and status monitoring in ECTP-3. An LO isaso a TS-user, which can also receive the multicast
data from TO. LOs will be configured as a parent of the loca groups through the control tree
configuration in ECTP-3; and

LE (Leaf Entity):

An LE is aleaf node on the ECTP-3 control tree. It is a TS-user in the ECTP-3 connection, and it can
receive multicast data sent by TO.

@)

b)

C)

d)

SU (Sending TS-user):

Some of the ECTP-3 TS-users can send unicast datato the TO. A sending TS-user (SU) is a TS-user who
gets atoken from TO. Only the SU is allowed to send unicast datato TO. In othef-words, befofe sending
unicast data, each user must request atoken to TO.

Token:

It represents the right for a TS-user to transmit data. The TS-user who/haslatoken is called a Sending TS
user (SU). The tokens are managed by TO.

Forward data channel:

It represents the multicast data channel from TO to the group. members. TO sends multicast datato al the
other group members over | P multicast address.

Backward data channel:

It represents the unicast data channel, in which the data packets flow from an SU to TO. An SU can send
unicast datato TO over | P unicast address.

4 Abbreviations
For the pprposes of this Recommendation | International Standard, the following abbreviations apply, which includes
the ECTH-3 packets:
ACK Acknowledgment
CC Connection Création Confirm
CR Connection Creation Request
CT Connection Termination Request
DT Data
HB Heartbeat
HBACK Heartbeat Acknowledgment
Ne; Late Join Confirm
IR tateJoinRegest
LE Leaf Entity
LO Local Owner
LR User Leave Request
ND Null Data
RD Retransmission Data
S Sending TS-user
TC Tree Join Confirm
TGC Token Get Confirm
TGR Token Get Request
2 ITU-T Rec. X.607 (02/2007)
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TJ Tree Join Request
TO Top Owner
TRC Token Return Confirm
TRR Token Return Request
TS Transport Services

5 Conventions

| SO/I EC 14476-3:2008 (E)

In this Recommendation | International Standard, the capital characters are used to represent a ‘packet’ of ECTP-3 (e.g.,
CR for Connection Creation Request packet), and the capital and italic characters are used for 'timers' or ‘variables' used
in ECTP-3 (e.g., CCT for Connection Creation Timer, and AGN for ACK Generation Number).

6 Overview

The Enhgnced Communications Transport Protocol (ECTP) is a transport protocol designedto-'support Internet

multicast [applications. ECTP operates over |Pv4/IPv6 networks that have the IP multicast forlvarding cap

ility with

the help ¢f IGMP and |P multicast routing protocols, as shown in Figure 1. ECTP could possibly be provisipned over

UDP.

Internet multicast applications

Enhanced communications transport protoeol

UDP

IP (Unicast/Multicast)

Figure1-ECTP model

This Recgmmendation | International Standard describesthe protocol specification of the ECTP Part 3 (ECTR3) for the

duplex mplticast connection. The duplex multicast e@nnection is used for supporting multicast data transpol

between

the particlpants that are classified into a single TC<Owner (TO) and the other TS-users. A duplex multicast qonnection
supports the two types of data channels between the participants: multicast data channel (sent by TO toward al the
other grolip members) and unicast data channel (sent by a TS-user to TO). Such a TS-user is called Sending TS-user

(SU) in tHe ECTP-3.

Figure 2 illustrates these two types of*data transport channels used in the duplex multicast connection. As shgwn in the
figure, TQ can transmit multicast\data to the other TS-users over |P multicast (group) address. Some SUs|may send

unicast datato TO. The SU mustfirst get atoken from the TO before sending the unicast data.

data channel

Backward (unicast)

* Backward (unicast)

data channel

Forward
(multicast)
data channel

A 4

Figure2 —Datatransport in ECTP-3

X.607(07)_F02
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To establish a duplex multicast connection, TO transmits a Connection Creation Request (CR) packet to the group. The
CR packet contains the connection information including general characteristics of the connection. In particular, the
CR packet must indicate that the connection type is the duplex multicast transport. Each TS-user who wants to
participate in the connection will respond to the TO with a Connection Creation Confirm (CC) packet. The connection
creation operation will be completed when a predetermined CCT timer expires.

During the connection creation phase, a logical control tree is configured between TO and TS-users, or between
TS-users for providing the scalable reliability control. With the root of the TO, the control tree defines a parent-child
relationship between any pair of two TS-users. The parent TS-user is called Local Owner (LO). Based on the control
tree, the error recovery will be performed. To configure a control tree, each TS-user sends a Tree Join Request (TJ)
message to a candidate parent node that has already been connected to the tree. The parent node will respond to the
promising child TS-user with the Tree Join Confirm (TC) message. In this way, the control tree will gradually be
expanded from the root toward the leaf nodes.

Some of the prospective TS-users may join the connection as late-joiners. The late-joining TS-user participates in the
connection by sending a Late Join Request (JR) message to TO. In response to the JR message, TO sends, g Late Join
Confirm [JC) message to the TS-user. The late-joiner TS-user will aso join the control tree by using the TJ and
TC messgges. For this purpose, the JC message of TO may include the information about the prospective parent
LO node for the late-joiner. The late-joining TS-user may try to connect to the prospective LO node s0 as to|configure
the contrq| tree.

After the|connection is established, the data transmission phase starts. ECTP-3 protocolysupports two typges of data
channels:|the forward multicast channel from TO to the group and the backward unicast.¢hannel from the TS-user to
TO. ECTJP-3 provides the reliable data transport with error recovery, in which al the Data (DT) packgs will be
recovered by the parent on the tree.

In the fojward multicast data transmission, TO can begin the multicast data transmission to the group by|using the
IP multicast address and group port number. The multicast data packets sent*hy TO will be sequentially segnjented and
transmittgd by DT packets to the receiving TS-users. The TS-users will deliver the received DT packgts to the

For the forward multicast data channel of TO, the error control Will be performed based on the local group gefined by
the ECTR control tree. If a child node detects a data loss, it $ends a retransmission request to its parent|via ACK
packets. ach child generates an ACK packet every ACK Generation Number (AGN) data packets. That ig an ACK
packet is|generated for the AGN data packets of TO. - ANPACK message contains a 'bitmap' to indicate which data
packets have been received or not. In response to an ACK packet, each parent LO may retransmit the RD pagkets to its
children.

In the forvard multicast data transport, the Heartbeat (HB) and Heartbeat ACK (HBACK) packets are used petween a
parent anpd children for the control tree “maintenance. A parent transmits HB packets to the childfen every
HB Genetlation Time (HGT). The HB contains which child must respond to this HB packet with the HBAQK packet.
The corrgsponding child will send aHBACK packet to the parent. The HB packet may also be used by thg parent to
calculate fthe local Round Trip Time (RTT) for the group. For this purpose, the HB and HBACK packets|contain a

For the bpckward unicast datatransport, a certain TS-user in the connection may get a token from TO by [sending a
Token Gé¢t Request (TGR)-message. The TO will then respond to the TS-user with the Token Get Confifm (TGC)
message that containgaFoken ID. Accordingly, the total number of tokens in the connection is controlled by TO. Token
ID is use to identify*the sender of the unicast DT packets at the TO side. The TS-user who has a tokeq is called

s K packets
are exchangedbetween-So—and—TFO—The-So—sends-ar ‘ e L HBACK
packet that contains the acknowl edgement mformatlon as done in ACK packets in the forward multicast channel. It is
noted that the HBACK is used for retransmission request in the backward channel.

After completing the unicast data transmission, the SU will return the token to the TO by sending a Token Return
Request (TRR) message. TO will respond to the SU with a Token Return Confirm (TRC) message.

The connection management operations are taken in the connection: user leave, the connection pause and resumption,
and connection termination. In the User Leave operation, a participating TS-user may leave the connection by sending a
User Leave Request (LR) message to the parent. In a certain case, the parent may enforce a specific child node to leave
the connection by sending the LR message, which is called the troublemaker gjection. The TO may temporarily pause
and resume the connection. In the connection pause period, the TO will send Null Data (ND) packets to the group. After
the TO has completed the data transport, it may terminate the duplex connection by sending a Connection Termination
Request (CT) message to the group.

4 ITU-T Rec. X.607 (02/2007)
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Design considerations

In this clause, some considerations for ECTP-3 are described.

7.1

Participants

All participants to a duplex multicast connection are TS-users and one of them functions as TC-Owner.

TC-Owner:

In a duplex multicast connection the TC-owner is responsible for connection management including

connection creation/termination, late join, connection maintenance, and token management.
TS-user (Transport Service User):

A duplex multicast connection has one or more TS-users who can receive the multicast data from the

TC-Owner. Some of the TS-users can send unicast data to the TC-Owner

A TS-usef can become TO, LO or LE, depending on itsrole.

[TO (Top Owner):

multicast data channel. Only the TO is alowed for sending the originahmulticast data to
participants.

L O (Loca Owner):

by retransmission of data. On the control tree hierarchy of ECTR-3, an LO is a parent node
children nodes. Note that an LO isaso a TS-user. That is, an LOyalso receives multicast data from

recovery in the connection. It depends on the deployment-of ECTP-3.
LE (Leaf Entity):

receives the multicast datafrom the TO.

A TS-usef can become SU when it obtains atoken frem TC-Owner.

7.2
A duplex

SU (Sending TS-user):
an SU when it has atoken and it-¢an thus transmit unicast datato TO.

Control tree

Imulticast connection may configure a control tree for scalable reliability control as shown in Figure
@ Tree level 0
Tree level 1

E

A duplex multicast connection has a single TO, which corresponds to the TC-Owner,.The TO is r¢sponsible
for the overall operations required for connection management including connection/creation and tefmination,
control tree creation, late join, and connection maintenance. TO is aso a single sender of the forward

the other

d has its
heTO. In

In the duplex multicast connection, an LO is a TS-user who is responsible for error recovery to the I;T’cal group

ECTP-3, a TS-user may act as an LO in the connection, orf\some designated LOs may be used fof the error

In the duplex multicast connection, an LE represents a leaf node on the control tree. Each LE isa T$-user that

AN SU is a TS-user who can send tnicast datato TO. In the duplex multicast connection, a TS-usef becomes

LO L LO
0o GO =

@@ @@, e
X.607(07)_F03

Figure3—Control treein ECTP-3

ITU-T Rec. X.607 (02/2007)
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In the ECTP-3 control tree, TO is on the top of the tree, which isin the Tree Level 0. An LO is aparent node on the tree
and has one or more children. A TS-user, not designated as LO, is called a Leaf Entity (LE), which cannot have its
children. Such a control tree will be configured in the connection creation phase.

Error recovery in ECTP-3 will be performed within each local group defined by the control tree. A child can request
retransmission to its parent LO. In response to the request, the parent LO will retransmit the data packets to the children,
if it has them in the buffer. An LO is also a TS-user, and it thus receives the multicast data from the TO. The control
tree is applied only for forward multicast data channel. The control tree does not apply to the backward unicast data
channel.

7.3 Data channels
In ECTP-3, the two types of data channels are used: forward and backward data channels.

731 Eorward data channel

The forwprd data channel is used for TO to send multicast data to the other members. The forward muljicast data
channel cpn also be used for an LO to send Retransmission Data to its children users.

The forwgrd data channel address consists of the group (multicast) |P address and the group port, 7O sendg multicast
datavia DT packets by using the forward data channel address. TO and LOs can also retransmit-multicast dgta via RD
packets by using the forward data channel address.

Figure 4 i}lustrates the use of the forward multicast data channelsin ECTP-3.

Figure 4 — Forward data channelsand control treein ECTP-3

7.3.2 Backward data channel

The backvard data channel is.used by a Sending TS-user (SU) to send unicast data to TO. The backward channel
address cpnsists of the | P address of TO and the 'group’ port.

Figure 5 i|lustrates the use of the backward unicast data channelsin ECTP-3.

DT or RD @ DT or RD

Figure5— Backward data channelsin ECTP-3

6 ITU-T Rec. X.607 (02/2007)
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Each SU must send unicast data via DT and RD packets to TO by using this backward data channel address as the

destination address. On the other hand, TO must bind its backward data channel address to receive the unicast
any SU in the connection.

74 Addressing

data from

In ECTP-3, each packet uses the following types of |P addresses and port number for its source and destination address:

a) group IP address and local IP address;
b) group port and local port.

74.1 Group and local 1P addresses

The group IP address is the IP multicast address (e.g., Class D address for IPv4), whereas a local |P address represents

the unicast | P address for each of the ECTP participants. TO, LOs and LEs.

The groul) IP address is used as the destination address of the packets that need to be multicast by TO-and
example, [the CR and DT packets of TO will use the group IP address as the destination address_ of \the
I P packet$. Each LO also uses the group | P address as the destination address of the RD and HB packets:

The local || P address of each participant is used as the source and destination |P address for theunicast packet
the sourcg address for the multicast packets.

It is noted that the group | P address and the local | P address of TO must be announced to all the prospective p:
viaan out-of-band signalling such as Web announcement.

. In ECTP-3, the group port will typically be used as the ‘destination port' of the ECTP-3 multicg
by TO or LOs, such as CR and DT. That is, each TS-user Should bind to the group I P address and
to receivgthe relevant ECTP-3 multicast packets.

The group port number is also used by SU to send unicast datato TO. That is, TO will bind to the local po
local IP @ddress so as to receive the unicast data from any-SU. In particular, the group port is also ug
destination port of the packet that requests a certain action; such as Late Join.

On the other hand, in the other cases that are not described above, the ECTP-3 packet will use the local port
source and/or destination ports. For example, inresponse to the Late Join Request (JR) from a TS-user, th
respond with the Late Join Confirm (JC) messagethat use the local port of the TS-user as the destination port.

The detailed use of the local | P address andlport is specified below for each of the ECTP-3 packets.

7.4.3 IAddresses of data channels

In ECTP{3, al the data packets.use the group port number as the destination port. Accordingly, before the g
creation, the following information must be announced to al of the ECTP-3 participants via an out-of-band
such as Web announcement.

a) group IR'address and group port;
b) local IPaddress of TO.

Figure 6 flescribes the use of IP address and port for the forward and backward data channels. The forward

LOs. For
hssoci ated

5, and also

brti ci pants

pefore the

St packets
port so as

rt with its
led as the

humber as
e TO will

onnection
signalling

multicast
hereas the

data packetsduse the group IP address and port number as the destination address of the data packets, w
backward cke Pa C T Matiomaddress.

The detailed use of the group and local addresses for the other packets will be specified later.

ITU-T Rec. X.607 (02/2007)

7


https://iecnorm.com/api/?name=a2866db7011168597e0231b09c6d5cdc

| SO/I EC 14476-3:2008 (E)

Backward data packets

kY Source Destination
Local IP 1P of TO

Forward data packets

Source Destination
Local IP (TO)| Group IP

X.607(07)_F06

Figure 6 — Data channel addressingin ECTP-3

75 Tokens

In ECTP43, a token represents the right for a TS-user to send a unicast data to TO. Before transmitting the Hata, each
TS-user rI:st get atoken from the TO, as per the Token Control procedures of ECTP-3.

Each tokén is represented as a 1-byte non-negative integer in ECTP-3. Such a token number (or Token 1) will be
assigned by TO when a TS-user requests a token in the connection. Token ID is ranged between 1 and 255. The Token
ID of '0" is reserved for use of TO. At the TO side, the Token ID can be used to identify-who is sending the unicast data.

8 Packets

An ECTH packet contains a 16-byte base header together with either extension elements or user data. It is noted that the
data packgts do not include any extension elements. The ECTP-3 packét format isillustrated in Figure 7:

bytes 0 15 16 PL-1

Base header Extension elements or user data

PL Packet Length

Figure7 — ECTP-3 packet format

8.1 Base header

The 16-byte base header contains the information helpful to all the protocol operations, in particular fof the data
packets. Higure 8 shows the structure of the base header, when ECTP operates over IP.

0 1 2 3
0 1 4 3 4(56 7 01 2 3 456 7 012 3 456 7012 3 46Ppb 6 7
Next elerhent ‘Version‘ CT | Packet type Checksum
Source port Destination port

Packet sequence number (PSN)
Payload length ‘ F ‘ Reserved ‘ Token ID

Figure 8 — Base header (ECTP over IP)

The base header contains the following information:
a) Next element (4 bits)

This specifies the type of the extension element immediately following the base header. The encoding
values of the extension elements will be described later. The extension element value of '0000° means
that the next part of this packet contains the user data, if any.
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b) Version (2 bits)
This defines the version of the ECTP-3 protocaol. Its current version is encoded as '00'.
¢) CT (Connection type): (2 bits)

This specifies the type of the ECTP connection. The encoding value for the connection type is as
follows:

1) 01-simplex multicast connection (for ECTP-1 and ECTP-2);
2) 10— duplex multicast connection (for ECTP-3 and ECTP-4);
3) 11— N-plex multicast connection (for ECTP-5 and ECTP-6).

The value '00' is reserved for future use. In this ECTP-3 specification, the CT must be set as '10'. It is
noted that this definition is compatible with the specifications of ECTP-1 and ECTP-2.

d) Packet type (8 bits)

It indicates the type of this ECTP-3 packet. The encoding values of the ECTP-3 packets willdbedescribed
later.

e) Checksum (16 bits)

This is used to check the validity of the ECTP-3 packet that includes the base header, extension header
and/or user data. The ECTP-3 checksum is calculated by using the conventional one's camplement
arithmetic operation, as donein TCP and UDP.

f)  Source port (16 bits) and destination port (16 bits)

These port numbers are used to identify the sending and receiving-applications for the case df ECTP-3
over IP. When ECTP-3 operates over UDP, these fields are used fo'yepresent the connection idgntifier, as
described later.

g) PSN (32 bits)

This value represents the sequence number of the data‘packet for the ECTP-3 DT or RD packets. For
some control packets such as ND or HB packets))this value has a different semantic, whi¢h will be
described later. For the other control packets, itiis ignored. This sequence number is a 32-bif unsigned
number that starts with the initial sequence number and increases by '1', and wraps back arqund to ‘1’
after reaching 22 — 1",
h) Payload length (16 bits)
This value indicates the total length’of the extension headers or user data in byte, following the base
header.
i) F(1bit)
Itisaflag bit. The use of.this flag depends on the packet types:
1) For the JC (Late Join Confirm), TJ (Tree Join Confirm), Token Get Confirm (TGC), Token Return

Confirm (TRC). packets, the F = 1 indicates that each of the corresponding join request iqaccepted.
F is set to(0,)otherwise;

2) For the bR (User Leave Request) packet, F is set to '1' for the user-invoked leave, or set tg'0' for the
troublemaker g ection;

3) . (For the CT (Connection Termination Request) packet, F is set to '1' for an abnormal termjnation, or
set to '0' for the normal termination, after al the data have been transmitted.

FFor the other packets, the detailed description is given in the protocol procedure clause. Otherwise, if any
neanaic nnt cnacifiod thic fialdwall haitonared
usage-+s-hot-specified-thistield-wiH-betgnered:
i) Reserved (7 bits)

Thisfield isreserved for future use.
k) TokenID (8 hits)

The Token ID isvalid only for data packets: DT and RD packets. This represents who is the source of the
data packets. The Token ID value is ranged between 0 and 255. Each SU receives a Token ID from TO
via the token get procedure and sets this field to be the number assigned by TO. The forward multicast
data packets of TO will set thisfieldto'0'.

On the other hand, when ECTP operates over UDP, the packet header does not need to specify the source and
destination ports, which will be referred to from the UDP header. In this case, the 32-bit field for the source and
destination ports will befilled with 'Connection ID'. By default, it may be set to be the 1Pv4 group address.
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The base header format for ECTP over UDPis as shown in Figure 9:

0 1 2 3
0 1 2 3 456 7 012 3 456 7 012 3 456 7 012 3 4656 7
Next element ‘Version‘ CT | Packet type ‘ Checksum
Connection ID
Packet sequence number
Payload length ‘ F ‘ Reserved ‘ Token ID

Figure 9 — Base header (ECTP over UDP)

The Connection ID is used to identify an ECTP connection by the ECTP host. It may aso be usedte
connection. In the connection setup phase, this information must first be informed by TO to the otherpartia
the CR or|JC packets. All the other ECTP-3 packets must set this field to be the value announced by,TO:

8.2 Extension elements

The ECTP packets used for control may contain one or more extension elements along.with the base header.
header each extension element have the field of 'Next element’ that points to the immediately succeeding
element, iff any.

verify the
ipants via

The based
extension

The Next|element field is encoded as shown in Table 1. It is noted that the '0000“means 'No element'. Accordingly, the

last extension element of an ECTP packet must set its Next element field ta.'0000'".

Table 1 — Extension elements

_ Encoding value i.n next element Length of extension dlenent
Extension element of the preced_lng element (bytes)
(4'bits)

No elemgnt 0000 0
Connectipn 0001 4
Acknowl pdgment 0010 Varied
Membership 0011 4
Timestanpp 0100 12
Address 0110 8or 20

It is noted that all the extension elements other than 'Address element have already been defined in EQ
ECTP-2. Accordingly, the encoding values of those extension elements will be reused in ECTP-3. It is notg

TP-1 and
d that the

encoding [value of '0101%s reserved for the QoS extension element, which is not used in ECTP-3, and may Ipe defined

for the Q@S management in ECTP-4.

All the eqtension'elements described in the table will be defined in this subclause by encompassing the require
the ECTH-3¢rotocol.

ements for

821 Connection element

The connection extension element contains overall information on the ECTP-3 transport connection. It is encoded as
'0001" in the Next element field of the preceding element or based header. This extension element must be included in

the CR, JC and TGR packets. The element structure is shown in Figure 10, which has the length of '4' bytes:

0 1 2
012 3 456 7 012 3 456 7 012 3 456 7 012 3 4

3
5 6 7

Next element | TCO | R | AGN Maximum segment size (MSS)

Figure 10 — Connection extension element
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Each field is specified as follows:

a) Next element (4 bits)
Thisindicates the type of the next extension element, asindicated in Table 1.

b) TCO (Tree Configuration Option): (2 bits)
This specifies the tree configuration option used in this ECTP-3 connection as follows:
1) 00-Level 1 configuration:

No LO is used in the connection. Thus all TS-users must be connected to the TO as their
the control tree.

2) 0l-Leve 2 configuration:

A control tree with the tree level of 2 is configured: TO < LO < LE. Each LE may be
toan LO or directly to TO. The LEs are @l connected to TO on the tree.

parent on

connected

3) 10— Genera configuration:
In this option, a control tree with more than two tree-levels may be configured.
4) 11 —Reserved for future use.
c) R (Reserved): (2 hits)
Reserved for future use.
d) AGN (ACK Generation Number): (8 bits)

used to generate and transmit an ACK packet by a child user in thee ECTP-3 protocol.
e) MSS(16 bits)

Thisis apositive integer ranged from 1 to 255 that represents the ACK Generation Number. The AGN is

This specifies the maximum size of the user data segment that can be contained in an ECTP-3 DT packet
in byte. An ECTP-3 DT packet can maximally contain/65535' bytes of user data. The defau|t value is
'1024'.
8.2.2 Acknowledgement element
This extension element provides information on the statis of the packet reception at the child node, whi¢h will be
referred tp by the parent node for the error, flow and congestion control. This extension header is attached tq the ACK
packet. Itfis encoded as '0010' in the Next element field'of the preceding element or based header.
This element consists of the fixed 4-bytes and thevariable size of ACK Bitmap, as depicted in Figure 11.
0 1 2 3
032 3 456 7 0.12 3 456 7 012 3456 7012 3 415|617
Next Hement | Bitmap IengthJ Valid bitmap length Reserved
| ACK bitmap |

Figure 11 — Acknowledgement extension element

Eachfield is specified as follows:

a) Next element (4 bits)
Thisindicates the type of the next extension element, asindicated in Table 1.
b) Bitmap length (4 bits)

This specifies the total size of the variable ACK Bitmap in unit of word (4 bytes), which excludes the

fixed 8 bytes. It is noted that the maximum value of Bitmap Length is'8' (words).
¢) Valid bitmap length (8 bits)
This represents the length of the actually valid portion in 'bit' for the ACK Bitmap.

ITU-T Rec. X.607 (02/2007)
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d)

Reserved (16 bits)

Thisisreserved for future use. In particular, some information on QoS management may be specified in
thisfield by ECTP-4.

ACK bitmap (variable)

This represents information by using ‘0" or '1" about which data packets have been received (1) or lost (0)
at the receiver side. In the ACK Bitmap, the hitmap information starts with the LSN sequence number,
which represents the sequence number of the lowest numbered DT packet that has not been received yet
at the receiver side. The LSN will be specified in the PSN field of the base header. The ACK Bitmap
contains the total bitmap information of the size of Valid Bitmap Length.

The total length of the ACK Bitmap part is represented by Bitmap Length in word. Accordingly, the padding of '0's may
occur for the portion of ACK Bitmap other than the Valid Bitmap Length bits so as to ensure the alignment of
Acknowledgement element into the unit of word.

0111011
104, and
1" and all

Asan exTane of the use of ACK Bitmap, let us assume that LSN = 100, Valid Bitmap Length = 8, and ACK]Bitmap =

This Bitmap implies that the receiver has lost the data packets with the packet sequence number(
t received all the data packets with the sequence number of smaller than 100. In this case, Bitrmap L
of the last 24 bits of ACK Bitmap will be padded with '0's. It is noted that the first bit 6f-ACK Bi

f 100 and
gth is of

map must

awaysbgsetto'0'.
8.2.3 Member ship element

This 4-byte extension element contains information on the tree membership, asillustréted in Figure 12. It is gncoded as

'0011" in the Next element field of the preceding element or based header.

0 1 2 3

01 4 3 456 7 012 3 456 7 012,345 6 7 012 3 4Pp 67

Next e ernent

Treelevel | Child ID ‘ Active descendant number

Eachfield is specified asfollows:

a)
b)

C)

d)

Figure 12 — M ember ship-extension element

Next element (4 bits)
Treelevel (4 bits)

This specifies the tree level.of the sender of this packet on the ECTP-3 control tree. TO will ben the tree
level '0', and its childrenyare in the tree level '1'. The Tree level value will be increased by '1' s the tree
grows gradually.

Child 1D (8 bits)

Thisis anon-negative integer that specifiesthe ID number of achild node. In the tree creation phase, this
Child IDxwill be assigned to each of the children by the parent. Child ID is used to determing when to
send-anACK packet to its parent, which will be described later. An ACK packet of a child node contains
its €hild ID, which can be used for the error recovery by the parent. The value of '0' is used fo indicate
that this field must be ignored.

Active Descendant Number (ADN): (16 bits)

This represents the number of active descendants of the node along the tree. Each TS-user sets the ADN
to '1', since it has no child. The parent LO will aggregate al of the ADN values for its children. In this
fashion, TO can obtain the information on how many TS-users are participating in the connection.

8.24 Timestamp element

The Timestamp element is encoded as '0100' in the Next element field of the preceding element or based header. The
ECTP-3 uses the 8-byte timestamp so asto calculate Round Trip Time (RTT).
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The 12-byte timestamp extension element is formatted as shown in Figure 13:

0 1 2

3

01 2 3 45 6 7 012 3 456 7 01 2 3 456 7 012 3 4516717

Next element ‘ Reserved

Timestamp (second)

Timestamp (microsecond)

Figure 13 — Timestamp extension element

Eachfiel

tsspecifrecrasfotows:
a) Next element (4 bits);
b) Reserved (28 bits);
c) Timestamp (64 bits)

This contains the 8-byte timestamp value. The first 4 bytes represent the time value in secon
second 4-byte does in microsecond, as done in the conventional ping program:

i, and the

8.25 Address element
The Address extension element is encoded as '0110' in the Next Element field of-the'preceding element or baspd header.
This element is attached to the packet when the protocol needs to specify thie-lPv4 or IPv6 address of the participant
concerneq. For example, the JC packet of TO may include this element so'as to inform a late-joining user|about the
I P address of the LO that the late-joining user may connect.
The element length is 8 or 20 bytes, depending on the I P version. This element is formatted as shown in Figure 14.
0 1 2 3
0 1] 2 3 456 7 01 2 3 456F 012 3 456 7 012 3 45|67
Next flement | 1P version Reserved
IPv4 (4 bytes) or IPv6 (16 bytes) address
Figure 14 — Address extension element
Each field is specified asfollows:
2) Next element (4 bits);
b) IRVersion (4 bits):
This field indicates the version of the IP address contained in this element. At present, the|following
values are available: 1Pv4 (0100) and 1Pv6 (0110).
c) Reserved (24 bits);
d) [P address (32 or 128 hits): Thisfield indicates the IPv4 or |Pv6 address of the participant concerned.
8.3 Packet format

ECTP-3 defines the total 18 packet types: 3 types of data packets and 15 types of control packets. The data packets are
DT, ND and RD. Table 2 summarizes the packets used in ECTP-3. In the table, the shaded regions indicate the newly
defined packet typesin ECTP-3.
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Table 2 - ECTP-3 packets

Full name Acronym Transport From To
Connection Creation Request CR Multicast TO TS-users
Connection Creation Confirm CcC Unicast TS-user TO
Tree Join Request TJ Unicast Child Parent
Tree Join Confirm TC Unicast Parent Child
o | e | 8 |
Null Data ND Multicast TO TS-users
Retransmission Data RD '\ﬂjlﬂlt('g;s Pzérsnt Ch_illgren
Acknow| gdgerment ACK Omitast Chitd Pprent
Heartbed] HB Multicast Pat Cifldren
Heartbeaf Acknowledgement HBACK Unicast Child/TO Pargnt/SU
L ate Join|Request JR Unicast TS-usen TO
Late Join|Confirm JC Unicast TO T$-user
User Leaye Request LR Unicast Parent/Child Chilgl/Parent
Connectipn Termination Request CT Multicast TO TSusers
Token G¢t Request TGR Unicast SU/TO TO/SU
Token G*x Confirm TGC Unicast TO/SU SU/TO
Token Réturn Reguest TRR Unicast TS-user/TO TO/TS-user
Token Return Confirm TRC Unicast TO/TS-user TS-fiser/TO

In the table, the parent node represents TO or LO, and the packéts used for token control can be initiated by $U as well
as TO. As aso shown in the table, al of the ECTP-3¢packets are exchanged between the participafts in the
reguest-and-confirm manner. For example, the CR requestzexpects to receive the corresponding CC confirrm message.
The ACK] messages will be used to confirm the DT andhkRD messages. On the other hand, LR and CT messagies do not
reguire arfy responding confirm messages.

On the other hand, the encoding value and packet structure are shown for each of the ECTP-3 packets in Table 3. The

extension|elements are attached to the base header in the order specified in the table.

Table 3—Format of ECTP-3 packets

Packe Encoding Extension elements or user data Length Opergtional
type value (packet structure) (bytes) protOC(rI stage
CR 0000 0001 Connection 20 Connection
cc 00000010 16 Cregtion
TJ 0000 0011 16 Contrgl Tree
TC 0000 0100 Membership + Address 20+ Cregtion
DT 0000 0101 User Data 16+
ND 0000 0110 16 Daa Transport
(Forward and
RD 0000 0111 User Data 16+ Backward)
ACK 0000 1000 Membership + Acknowledgement 20+
HBACK 0000 1110 Membership + Acknowledgement + Timestamp 20+ Maintenance
JR 0000 1010 16 .
- Late Join
JC 0000 1011 Connection + Address 20+
LR 0000 1100 16 User Leave
CT 0000 1101 16 Termination

14
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Table 3—Format of ECTP-3 packets

:2008 (E)

Packet Encoding Extension elementsor user data Length Operational
type value (packet structure) (bytes) protocol stage
TGR 0001 0001 16

Token Get
TGC 0001 0010 16
TRR 0001 0011 16
Token Return
TRC 0001 0100 16

In the table, the shaded regions indicate the newly defined packetsin ECTP-3; HBACK, TGR, TGC, TRR and TRC. It
is noted that the italic parts (of the extension elements) indicate that the use of the corresponding extension element is

optional,

In the pad
or user ds
hand, the

831

TheCR
the follow

The lengt
as shown

The 16-by

diner tharl mandalory, 1 ne fmplemeritati on.

ket length of the table, '+' means that the packet size may get larger by adding the specified pption
ta. It is noted in the table that the ND packet is used only for the forward multicast data transport. O
following encoding values are reserved for future use: '0000 0000', '0000 1111' and '0001°0000'.

Connection creation request (CR)

acket is used by TO so as to create a duplex multicast connection. TO sends the.CR packet to the g
ing source and destination addresses:

*  SourcelP: IP address of TO.

e Source port: Local port number of TO.

*  Destination IP: Multicast |P address of the group.
*  Destination port: Group port number.

n of the CR packet is 20 bytes (16-byte base header + 4-byte’ Connection element). The CR packet is|
n Figure 15:

bytes 0 15'16 19

Base header Connection

Figure 15— CR packet

te base header of CR packet must be encoded as follows:
) Next element='0001' (Connection element).

b) Version: '00. (current version of ECTP-3).

c) CT: 10¢(duplex multicast connection).

d) Packet type: '0000 0001' (CR).

e), €hecksum: To be calculated.

element
the other

roup with

formatted

TAN

T ot PortTota Port htfioer 6r oo ConhectonTo -

g) Destination port: Group port number (or Connection ID).

h) PSN: Theinitial PSN which is assigned by TO and used for the forward data channel.
i) Payload length: 4.

i) F:'0' (to beignored).

k) TokenID:'0' (TokenID of TOissetto'0").
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The 4-byte Connection element must be encoded as follows:

832

a) Next element: '0000' or '0100' (if Timestamp element is optionally added).
b) TCO: Asconfigured by TO.

¢) RO: Asconfigured by TO.

d) AGN: Asconfigured by TO.

e) MSS Asconfigured by TO (the default value is '1024).

Connection creation confirm (CC)

The CC packet is used by TS-user in response to the CR packet of TO. A TS-user sends the CC packet to TO over the

following

source and destination addresses:
e SourcelP: |P address of TS-user.

The CC p

All the fig

8.3.3

The TJ pd
node may
anLO)o

The TJ pg

e Source port: Local port number of TS-user.
* Destination IP: IP address of TO.
*  Destination port: Group port number.

@) Next element: ‘0000 or '0100" (if Timestamp element is optionally added).
b) CT:'10.

c) Packet type: '0000 0010' (CC).

d) Checksum: To be calculated.

e) Source port: Local port number of TS-user (or Connection | D).

f) Destination port: Group port number (or Connection ID).

ds other than specified above will be set to '0' and ignored.ab the receiver side.

Treejoin request (TJ)

er the following source and destination addresses:

*  Source|P: IP address of TS-user.

*  Source port: Local port number'of TS-user.

*  Destination IP; | P address of;the parent node (TO or LO).
e Destination port: Group_port number.

2) Next element:~'0000".

b) CT:'10.

c) Packettype: '0000 0011' (TJ).

d) Cheeksum: To be calculated.

e)< Source port: Local port number of TS-user (or Connection ID).

icket contains the 16-bytebase header only. The base header of TJ packet must be encoded as follow

pcket contains the 16-byte base header only. The base header of CC packet must be en¢oded as follofvs:

icket is used by TS-user to the prospective parentcnode in order to join the control tree. The prospective parent
be TO itself, or indicated by TO (via the JE packet). A TS-user sends the TJ packet to the pare

nt (TO or

v

T Destimation port Group port umber (or Connection tD)-

All the fields other than specified above will be set to '0' and ignored at the receiver side.

834

Treejoin confirm (TC)

The TC packet is used by the parent TO or LO node, in response to the TJ packet. The parent node sends the TC packet
to the TS-user over the following source and destination addresses:

16

e SourcelP: IP address of the parent node (TO or LO).
e Source port: Group port number.

e Destination IP: IP address of the TS-user.

e Destination port: Local port of the TS-user.
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The TC packet contains the 16-byte base header. In the case of acceptance of the corresponding TJ request, the
TC packet will also contain the 4-byte Membership element, and possibly with the Address element (optional).

The TC packet is formatted as shown in Figure 16:

bytes 0 1516 19 20 PL-1
Base header Membership Address (optional)

Figure 16 — TC packet

The 16-byte base header of TC packet must be encoded as follows:
a) Next element: '0011' (Membership element).
b) CT:'10.
Packet type: '0000 0100 (TC).
Checksum: To be calculated.
Source port: Group port (or Connection ID).
Destination port: Local port of TS-user (or Connection ID).
Payload length: 4 or more (if the Address element is added).
h) F:'1l"if the TIrequest is accepted, 'O’ otherwise.

All the fig!ds other than specified above will be set to '0' and ignored at thefreceiver side.

The 4-byte membership element must be encoded as follows:

a) Next element: '0000' or ‘0110’ (if Address element is optionally added).
b) Treelevel: Representsthe current tree level of théparent node.

c) Child ID: Isassigned by the parent node.

d) ADN: Setto'0' and ignored.

The addré¢ss element may optionally be added to:the membership element. This address element will be added only if
the TJ request is not accepted. In this case, the address information represents the IP address of another pfospective
parent nogle that the failed child node may retry-to connect to.

Inthis , the address element must be.ericoded as follows:

a)  Next element: '0000'.

b) 1P version: '0100%(lPv4) or '0110' (IPv6).

c) |P address: [P address of the prospective parent LO.

8.35 Data (DT)

The DT packet is'used by TO to transmit the forward multicast data to the group members, or by SU tq send the
backward unicastdatato TO.

The forwardmulticast DT packets are sent to the TS-users over the following source and destination addresses:
e SourcelP: IP address of TO.
e Source port: Local port number of TO.
e Destination IP: Multicast IP address of the group.
e Destination port: Group port number.

The backward unicast DT packets are sent to the TO over the following source and destination addresses:
e SourcelP: IP address of SU.
e Source port: Local port number of SU.
e Destination IP: IP address of TO.
¢ Destination port: Group port number.
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The DT packet contains the 16-byte base header and the variable-length user data.

bytes 0 1516 PL-1
Base header User data

Figure 17— DT packet

The 16-byte base header of DT packet must be encoded as follows:
a) Next element: '0000'.
) CT: '10' (duplex multicast connection)
c) Packet type: ‘0000 0101' (DT).
d) Checksum: To be calculated.
e) Source port: Loca port number of TO (or Connection ID).
f) Destination port: Group port number (or Connection ID).
g) PSN: The PSN of thisDT packet, which will be increased by 1, starting frombtitial PSN.
h) Payload length: Indicates the length (in byte) of the user data containediin this packet.
i) F:'0"(tobeignored).
j) Token ID: Token ID of the sender of this data packet ('0' for TO; er.a positive number of SU).

836  |Null data(ND)

The ND packet is used in the forward data channel by TO so as te.indicate the ECTP connection is till flive. The
receiving|T S-users do not have to respond to this packet.

The TO sends the ND packet to the group over the following.source and destination addresses:
e SourcelP: IPaddress of TO.

> Source port: Local port number of TO.

*  Destination |P; Multicast |P address@f the group.

e Destination port: Group port humber.

The ND packet contains the 16-byte basetheader only. The 16-byte base header of ND packet must be ehcoded as
follows:

a) CT:'10' (duplex multicast connection).

b) Packet type: '0000:0110' (ND).

c) Checksum: To be calculated.

d) Sourcepert: Local port number of TO (or Connection ID).

e) Destination port: Group port number (or Connection ID).

f) (PSN: The PSN of thelast DT packet that has been sent by TO.

All the figlds'other than specified above will be set to '0' and ignored at the receiver side.

8.3.7 Retransmission data (RD)

The RD packet is used in the forward data channel by the parent node (TO or LO) on the control tree to retransmit the
DT packet for error recovery. It isaso used in the backward data channel by the SU for error recovery.

The packet format is the same as that of the DT packet.
8.3.8 Acknowledgement (ACK)

The ACK packet is used in the forward data channel by a child node to the parent node on the control tree in order to
acknowledge the DT packets received from TO. An ACK packet is generated by the ACK generation rule, which will
be described later. It isnot used in the backward data channel.
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For the forward data channel, an ACK packet is transmitted by a child node to its parent over the following source and
destination addresses:

Source | P: |P address of TS-user.

Source port: Local port number of TS-user.

Destination IP: IP address of the parent node (TO or LO).
Destination port: Group port number.

The ACK packet contains the 16-byte base header, 4-byte Membership element, and a variable length of
Acknowledgement element, as shown in Figure 18.

bytes 0 1516 1920 PL-1

The base header of ACK packet must be encoded as follows:

a)
b)
C)
d)
€)
)
0)
h)
i)
i)

The 4-byte membership element must be encoded\as follows:

@)
b)
C)
d)

wledgement element must be encoded as follows:

Base header Membershi o} Acknowl pdgnmmf

Figure 18 — ACK packet

Next element: '0011' (Membership element).

CT: '10.

Packet type: '0000 1000' (ACK).

Checksum: To be calculated.

Source port: Local port number of TS-user or group port ndmber TO (or Connection ID).
Destination port: Group port number or local port number of SU (or Connection ID).
PSN: LSN, the PSN of the lowest numbered DT pacKet that has not been received yet.
Payload length: Length (in byte) of the extension’elements attached to the base header.

F: '0' (to be ignored).

Token ID: Token ID of the corresponding sender (‘0" for TO, or a positive number of SU).

Next element: '0010' (Acknowledgement element).
Tree level: Represents the Current tree level of the child node ('0' for TO).
Child ID: Child ID (aniinteger) that is assigned to the child; thisisignored for the backward channel.

ADN: The number of active descendants of the child for the forward data channel; thisis ignofed for the
backward channel.

Next element: '0000'.
Bitmap length: Represents the total length of the ACK Bitmap in word (in 4-byte).
Valid bitmap length: The actually valid length of the ACK Bitmap in bit.

A K_hitman: Penresen ne nikmap- tnitormation-abo AN al B Nna -

the LSN.

8.3.9 Heartbeat (HB)

The HB packet is used by the parent TO or LO node for tree maintenance. This can also be used to calculate the local
RTT optionally between the parent and the child. Thisis also used in the backward data channel between SU and TO.

The parent node sends the periodic HB packet to its children over the following source and destination addresses:

Source | P: |P address of the parent node (TO or LO).
Source port: Local port number of the parent node.
Destination IP: Multicast | P address of the group.
Destination port: Group port number.
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The HB packet contains the 16-byte base header and the 4-byte Membership element, and possibly with the Timestamp

element (optional), as shown in Figure 19.

bytes 0 1516 1920 PL-1

Base header Membership Timestamp (optional)

Figure 19 — HB packet

The base header of the HB packet is formatted as follows:
a) Next element: '0011' (Membership element).

b) CT:'10.

) Packet type: '0000 1001' (HB).

) Checksum: To be calculated.

)  Source port: Local port number of the parent (or Connection ID).

)  Destination port: Group port number (or Connection ID).

) PSN: PSN of the lowest numbered DT packet that the parent node contains in the buffer.
h) Payload length: Length (in byte) of the extension elements attached tothe base header.

i¢lds other than specified above will be set to '0' and ignored at the receiver 'side.

membership element must be encoded as follows:

) Next element: '0000' or '0100' (if the Timestamp element is optionally added).

b) Treelevel: Represents the current tree level of the parent node (‘0" for TO).

) Child ID: Child ID that should respond to this HB packet with the HBACK packet.
) ADN: Isset to'0' and ignored.

al 12-byte Timestamp element must be encoded as follows:
) Next element: '0000'.
b) Timestamp: 8-byte time value measured at the parent, which is used for calculation of local RT]

8.3.10 |Heartbeat acknowledgement (HBACK)

The HBAICK packet is sent by the child node, in response to the HB packet of the parent. When a child re
HB packet from the parent, if the,Child ID of the HB packet is equal to its Child ID, then the child should reg
the HBACK packet. This packetis used to indicate that it is still alive. It can also be used to calculate the loc
the parent.

The HBAICK packet is also used in the backward data channel between SU and TO.

The childjnode sendsthe HBACK packet to its parent over the following source and destination addresses:
*  Source |IP: |P address of the child.

Ceives the
pond with
bl RTT by

. {/Source port: Local port number of the child.

e Destination |P; |P address of the parent.
e Destination port: Local port number of the parent.

The HBACK packet contains the 16-byte base header and the 4-byte Membership element, the Acknowil
element, and possibly with the Timestamp element (optional), as shown in Figure 20.

edgement

bytes 0O 1516 1920 PL-1

Base header Membership Acknowledgement Timestamp (optional)

Figure 20 - HBACK packet
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The base header of the HBACK packet is formatted as follows:
a) Next element: '0011' (Membership element).
b) CT:'10.
c) Packet type: '0000 1110' (HBACK).
d) Checksum: To be calculated.
€) Source port: Local port number of the child (or Connection ID).
f)  Destination port: Loca port number of the parent (or Connection ID).
g) Payload length: Length (in byte) of the extension elements attached to the base header.
All the fields other than specified above will be set to '0' and ignored at the receiver side.
The 4-byte membership element must be encoded as follows:
) Next element: '0000' or '0100' (if the Timestamp element is optionally added).
b) Treelevel: Representsthe current tree level of the child.
) Child ID: Child ID of the child.
)  ADN: The number of active descendants of the child.

The ackngwledgement element must be encoded as done in the ACK packet.

The optiopal 12-byte Timestamp element must be encoded as follows:
) Next element: '0000'".
b) Timestamp: 8-byte time value that has been contained in the HB-packet of the parent.

8.3.11 [Latejoin request (JR)

The JR packet is used by a new joining TS-user in order to join the ECTP connection. The new joiner TS-usel| sends the
JR packet|to the TO over the following source and destination addresses:

*  SourcelP: IPaddress of TS-user.

*  Source port: Local port number of TS-user.
*  Destination IP: |P address of the TO.

e Destination port: Group port humber;

The JR packet contains the 16-byte base header-only. The base header of JR packet must be encoded as followss:
2) Next element: '0000".

b) CT:'10.

C) Packet type: '0000,1010' (JR).

d) Checksum: Tobe¢al culated.

e) Source port:\Lacal port number of TS-user (or Connection ID).
f) Destination port: Group port number (or Connection ID).

All the figlds other.than specified above will be set to '0' and ignored at the receiver side.

e SourcelP: IP address of the TO.

e Source port: Local port number of TO.

e Dedtination IP: |P address of the TS-user.

e Destination port: Local port of the TS-user.

The JC packet contains the 16-byte base header. In the case of acceptance of the corresponding LJ request, the
JC packet will also contain the 4-byte Connection element, and possibly with the Address element (optional).
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The JC packet is formatted as shown in Figure 21.;

bytes 0 1516 19 20 PL-1
Base header Connection Address (optional)

Figure 21 —JC packet

The 16-byte base header of JC packet must be encoded as follows:
a) Next element: '0001' (Connection element).
by CT:'10

Packet type: '0000 1011’ (JC).

Checksum: To be calculated.

Source port: Local port of TO (or Connection ID).
Destination port: Local port of TS-user (or Connection ID).
Payload length: 4 or more (if the Address element is added).
h) F:'1l"if the LJR request is accepted, '0' otherwise.

All the fig!ds other than specified above will be set to '0' and ignored at the receiver'side.

Next element: '0000' or '0110" (if Address element is optionally added).
TCO: As configured by TO.

AGN: As configured by TO.

MSS: As configured by TO (the default value is '1024").

In this , the address element must be encoded-as follows:
Next element: '0000'.
IP version: '0100" (IPv4)-0r-0110' (IPv6).

IP address: |P address of the prospective parent LO.

8.3.13

The LR pecket is used by.the'child to indicate that it will leave the connection, or by the parent node to gect
making child. The L Rpacket does not need to require the corresponding confirm packet. This packet is sent by
or parent pver the following source and destination addresses:

source | P: |P address of the child (user leave) or parent (troublemaker gjection).

User leaverequest(bR)

bnly if the
may try to

atrouble-
the child

Source port: Local port number of the child or parent.

e Dedtination IP: IP address of the parent or child.
e Destination port: Group port number or local port number of the child.

The LR packet contains the 16-byte base header only. The base header is formatted as follows:
a) Next element: '0000".
b) CT:'10.
c) Packet type: '0000 1100 (LR).
d) Checksum: To be calculated.
e) Sourceport: Local port of the child or parent (or Connection ID).
f)  Destination port: Group port or local port of child (or Connection ID).
g) F:'1' for the user-invoked leave, or '0' for the troublemaker gjection.
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All the fields other than specified above will be set to '0' and ignored at the receiver side.

8.3.14 Connection termination request (CT)

The CT packet is used by the TO to terminate the connection. CT packet does not need to require the corresponding
confirm packet. This packet is sent by TO over the following source and destination addresses:

e SourcelP: IP address of the TO.

e Source port: Local port number of TO.

e Destination |P; Multicast |P address of the group.
e Destination port: Group port number.

The CT packet contains the 16-byte base header only. The base header is formatted as follows:
a) Next element: '0000'.

b) CT:'10.

c) Packet type: '0000 1101' (CT).

d) Checksum: To be calculated.

e) Source port: Local port of the TO (or Connection ID).

f) Destination port: Group port (or Connection ID).

g) F:'1 for an abnormal termination, or 'O’ for the normal termination (after completing the multicast data
transmission).

All the fig!ds other than specified above will be set to '0' and ignored at the receivenside.

8.3.15 [Token get request (TGR)

The TGR packet is used by a TS-user to get a token for the backward unicast data transport, which| is called
'User-initjated Token Get'. In this case, the TS-user can request a téken to TO by sending a TGR packet. THe TS-user
that has altoken becomes an SU.

The TGR|packet is sent over the following source and destination addresses:
*  Source|P: IP address of TS-user.

*  Source port: Local port number of TS-user.

*  Destination IP: |P address of the TO.

> Destination port: Group port number of TO.

The TGR|packet contains the 16-byte hase header only, which must be encoded as follows:
a) Next element: '0000'.

b) CT:'10.

c) Packet type: /6001 0001' (TGR).

d) Checksumi\To be calculated.

e) Sourcegort: Local port number of TS-user (or Connection ID).

f) Destination port: Group port number of TO (or Connection ID).

0)¢, PSN: Theinitial PSN of the backward data channel.

o) D A ol ) n
1)) FAyr'uadTCiiytT.— o

i) TokenID: Issetto'0' and ignored.

8.3.16 Token get confirm (TGC)

The TGC packet is sent by TO to give a token to the associated TS-user. The TGC packet is sent over the following
source and destination addresses:

e SourcelP: IP address of TO.

e Source port: Group port number of TO.

¢ Destination IP: |P address of the TS-user.
e Destination port: Local port of TS-user.
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The TGC packet contains the 16-byte base header only, which must be encoded as follows:
a) Next element: '0000".
b) CT:'10.
c) Packet type: '0001 0010' (TGC).
d) Checksum: To be calculated.
e) Source port: Group port number of TO (or Connection ID).
f)  Destination port: Local port number of TS-user (or Connection ID).
g) Payload length: '0'.
h) F:'1' (for acceptance) or '0' (for rejection).
i) TokenID: Token ID allocated by TO (Token Get).

8.3.17 [Tokenreturnrequest (TRR)

The TRR|packet is used by a TS-user to return atoken to TO, which is called 'User-initiated Token RetGri I

the TS-user sends a TRR packet.

The TRR|packet is sent over the following source and destination addresses:
*  SourcelP: IPaddress of TS-user.

*  Source port: Local port of TS-user.

¢ Destination IP: |P address of the TO.

e Destination port: Group port of TO.

The TRR|packet contains the 16-byte base header only, which must be encoeded as follows:
2) Next element: '0000'.

b) CT:'10.

c) Packet type: '0001 0011' (TRR).

d) Checksum: To be calculated.

e) Source port: Local port number of TS-usex (or Connection ID).

f) Destination port: Group port number ofTO (or Connection ID).

g) Token ID: Token ID of SU.

All the figlds other than specified above will be'set to '0' and ignored at the receiver side.

8.3.18 [Token return confirm (TRE)

The TR packet is sent by TO to confirm the associated TRR request. The TRC packet is sent over the

source anfl destination addresses:

e SourcelP: IPaddress of TO.

> Sourcegpert: Group port of TO.

*  Destination IP; IP address of the SU.
» Destination port: Local port of SU.

The TRC|packét contains the 16-byte base header only, which must be encoded as follows:

this case,

following

a) Next element: '0000'.

b) CT:'10.

c) Packet type: '0001 0100' (TRC).

d) Checksum: To be calculated.

€) Source port: Group port number of TO (or Connection ID).

f)  Destination port: Local port number of SU (or Connection ID).
g) TokenID: TokenID of SU.

All the fields other than specified above will be set to '0' and ignored at the receiver side.
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9 Procedures

This clause describes the protocol procedures of ECTP-3. Before a duplex multicast connection is created, the following
address information should be announced to the prospective participants (TS-user).

a) multicast IP address of the group;
b) group port number;
¢) IPaddressof TO.

This information may be announced to the prospective participants via an out-of-band signalling mechanism such as
Web announcement. Accordingly, the prospective TS-user should be able to bind the group IP address and port so asto
receive the CR packet from the TO. A prospective late-joiner should also send a JR packet to the TO.

9.1 Connection creation

A duplex|multicast connection will begin when TO sends the first ECTP packet, CR, to the group over.thg multicast
group I P @ddress and port. An ECTP-3 control treeis also configured in the connection creation phase.

The overdll operations for connection creation and control tree creation are shown in Figure 22.

TO TS-user TS-user
CR CR
A
TJ
TJ
TC
cCcr
TC
CcC
v CC
X.607(07)_F22
Figure 22 —€onnection Creation procedures
911 I nitiation of connection creation

TO beging the connection creation operation by sending the CR packet to the group. The CR packet contains the generic
informatipn on the connection element such as TCO (Tree Configuration Option), RO (Reliability Option)| and MSS
(Maximurn Segment Sze).

After senfling the CR packet; TO starts the CCT (Connection Creation Timer). Only the CC packets will be allowed
during thg CCT timer.

Each TS-pser shauld)join the control tree before responding with a CC packet. In the connection creation phase, each
user can jpin only.the TO.

9.1.2 Control treecreation

To join the control tree, each TS-user sends a TJ packet to TO. TO then responds to the TS-user with the TC packet.
The TC packet should indicate whether the tree join request is accepted or not by using the F flag of the base header.

The TC packet should also contain the Child ID and Tree Level in the membership element. The TC packet may
optionally contain the address element to represent a promising parent LO for the TS-user. It needs to ensure that the
parent LO has aready been on the tree.

9.2 Latejoin

Some of the prospective participants may join the duplex multicast connection as a late joiner. In particular, any
TS-user is alowed to join the connection as alate joiner, after the CCT timer expires.
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The overall operations for alate joiner are shown in Figure 23.

TO LO LE (late joiner)
JR
i I RXT
TJ
TC I RXT

X.607(07)_F23

Figure 23 — L ate Joining procedur es

A promising TS user can join the connection viaanormal join (by sending a CC packet in response-to the CR packet) or
a late-join (by sending a LJ packet to the TO). For this purpose, the promising TS-user may -try to parform the
late-joining operation after waiting for the CR packet from the TO for a pre-configured time,\GWT (CR Wait|ng Time),

The late jloining TS-user sends a JR packet to TO. In response to the JR packet, the O sends a JC packet {o the late

promising parent LO for the TS-user (late-joiner). If no address element is indicated, the late-joiner may try {o join the
TO in thgcontrol tree configuration. If the JC packet does not arrive withitithe RXT (Retransmission Timeout), the late
joiner may try to send the JR packet again.

When thg TS-user receives the JC packet from the TO, it will joinvthe control tree, as per the 'control treg creation’

9.3 Forward data transport

In the EQTP-3 forward data channel, the TO sendsimulticast DT packets to the group. When a data packet loss is
detected by the receiving user, the retransmissign<for error recovery will be performed within a local grqup that is

ECTP-3 provides the reliable data transport-with the error recovery scheme, where all the DT packets will be|recovered
by the parent on the tree. Each child-requests the retransmission via ACK packet, and the parent sends the
corresponding RD packet over the multicast address.

TO will generate DT qackets by the segmentation procedure. To do this, TO splits a multicast data stream of gpplication
i i if, TO may

corrupted packet is also consi dered asaloss. Thelost DT packets are recovered in the error control function.

ECTP-3 uses the flow control based on a fixed-size window. The window size represents the number of
unacknowledged data packets in the sending buffer. TO can maximally transmit the window size of data packets at the
configured data transmission rate. In ECTP-3, the transmission rate of multicast data is controlled by the rate-based
congestion control mechanisms.

A new DT packet is sequentially numbered by TO. The sequence number of the DT packet starts from Initial PSN and
increases by '1'. The sequence number is used to detect lost data packets by receivers. The Initial PSN is randomly
generated other than '0". The sequence number of '0' is reserved. The packet sequence number is increased for each new
DT packet. Modulo 2* arithmetic is used and the sequence number wraps back around to ‘1' after reaching "2% — 1".
The Initial PSN number will be informed to the group members by way of CR or JC packet.
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9.3.2 Control tree maintenance

The ECTP-3 control tree is maintained using the HB and HBACK packets. Each parent LO advertises periodic
HB packets using Heartbeat Generation Time (HGT), after it becomes an on-tree node. The default HGT is 3 seconds.
The HB packet contains the information (Child ID of the membership element) about which child should respond to this
HB packet. The corresponding child should respond with the HBACK packet.

Figure 24 shows the operation for tree maintenance using HB and HBACK packets.

LO TS-user TS-user
(parent) (child 1) (child 2)
HB (child ID = 1) HB (child ID = 1)
T - HBATK
uer | |
HB (child ID = 2) HB (child ID =2)

HBACK

X.607(07)_F24

Figure 24 — Tree maintenance using HB and HBACK packets

In ECTP43, the exchange of HB and HBACK packets between ajparent and children is done with the follgwing two
purposes:

@) Check whether the tree nodeis still aive:

A child detects the failure of its parent, if\it cannot receive any packets such as HB and RD pagkets from
the parent during the time interval of-FDN (Failure Detection Number) x Heartbeat Generdtion Time
(HGT). Then the child begins to find'an alternate parent. The default FDN is 3.

A parent detects the failure ofka.child, if it cannot hear any HBACK packets from the child fof the FDN
consecutive HB packets. #f-a child is detected as a failure, the parent sends an LR packet (for
troublemaker gection) tothe failed child, and clears the child out of its children list.

b) Calculation of local RTT:

On the other hand;‘the HB and HBACK can also be used to calculate the Round Trip Time (IRTT) for a
local group. A'parent LO sends a HB packet containing a timestamp element to its children every HGT
interval. The corresponding child will also contain the timestamp element as it isin the HBAQK packet.
Receiving.an HBACK packet from a child, the parent LO calculates the RTT by subtracting Timestamp
fromthie current time. The RTT is recorded into the children list. The parent determines the Jocal RTT
by-the'maxim RTT vaue for its children.

It is noted that these HB and HBACK packets are exchanged penodlcally between aparent and children, wh|
implemerited e . clkel egue C
packets will be used for the controI tree mal ntenance As d@crlbed above |f a Chl|d or parent cannot receive any HB or
HBACK packets from the corresponding parent or child during the FDN x HGT time interval, then it will realize that
the correspondent node failed in the control tree.

94 Token control

In ECTP-3, a token represents the right to send a data to the TO in the backward unicast data channel. Each TS-user
who wants to transmit a data to TO must get atoken from the TO. The TS-user will be an SU after getting a token from
TO. Inthisway, TO can control the maximum number of tokens simultaneously active for the connection.

An SU returns the token after completing the unicast data transmission to TO.
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94.1 Token get

The TS-user can get atoken from TO. In this Token Get operation, the TS-user first requests a token to TO. Figure 25
shows the operations for Token Get.

TO TS-user
TGR

TGC IRXT

X.807(07)_F25

Figure 25— Token Get procedure

To get atpken in the Token Get operation, a TS-user sends a TGR message to TO, and then waits for the)corrpsponding
TGC message. In response to the TGR packet, the TO should send a TGC message to the TS-user; The TGC message
should inglicate whether the request is accepted or not by using the F flag of the base header. In-case of acceptance, the
message \vill also contain avalid Token ID and Initial PSN in the base header. If the responding TGC message has not
arrived until the RTO timer expires, the TS-user may send the TGR message again.

94.2 Token return

When coipleting data transmission, the SU may return the token to TO. The.SUNCan return its token to T|O. In this
Token Return operation, the SU sends the TRR packet to TO.

Figure 26/shows the operations for Token Return.

TO TS-user
TRR

TRC I RXT

X.607(07)_F26

Figure26 — Token Return procedures

In the Token Return case, the SU sends a TRR message to TO. The TO then responds with the TRC messgge. If the
responding TRC message has not'arrived until the RTO timer expires, the TRR message may be sent again.
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Backward data transport

After getting atoken from TO, an SU can transmit unicast DT packets to TO. The procedures for the backward unicast
data transport are as shown in Figure 27.

TO SU
DT

&

DT

HB

HBACK

DT HGT

In the baf
header of
'0", asdon

TheDT p

9.6
9.6.1

9.6.1.1

The checl
packet 105
packet is
gap of tw
which is 3

ACK pag

included
parent by

For a loc]

HB i

HBACK (data loss indication)

RD
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Figure 27 — Backward unicast data transport procedures

ckward unicast data channel, the initial sequence number (ISN)of SU is indicated in the PSN fi
the TGR (in the Token Get case) or TGC (in the Token Give case). The ISN is randomly generated
e in the forward data channel.

pckets transmitted by SU must indicate the Token ID that is allocated by TO.

Reliability control
Reliability control for forward data channel

Error detection

rsum field of the base header is lised for detection of packet corruption, and the PSN field is for detd
bs. When a data packet is received, each receiver examines the checksum. If the checksum field isi
regarded as a corruption and-shall be discarded. A corruption is treated asaloss. The loss can bed
0 consecutive sequence.numbers for DT packets. The loss information is recorded into the AC
ittached to the subsequent ACK packets.

eld of the
pther than

fction of a
valid, the
ected as a
K bitmap,

kets are used for'the retransmission requests. When a receiver detects a gap in the sequence n

nto the ackhowledgement element, which is attached to the subsequent ACK packet and delive
the ACK\generation mechanisms.

status of |

child has not recetved For a parent the LSN represents the sequence number of the lowest numbered DT packet that
has not been acknowledged by its children.

To request the retransmissions of lost data, each child makes an acknowledgement element containing the LSN, Valid
Bitmap Length and ACK Bitmap. The ACK Bitmap specifies a success or a failure of a packet delivery for each DT
packet; '1' for success and '0' for failure. Suppose Bitmap = 01101111, LSN = 15. Then the DT packets with the

sequence

number 15 and 18 are lost.
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9.6.1.2 Retransmission request by ACK generation

Figure 28 shows the error control operations in the forward multicast data channel.

TO LO LE LE
(parent) (child 1) (child 2)
DT (PSN = 1) DT (PSN=1) DT (PSN=1)
ACK (without data loss)
DT (PSN =2) DT (PSN=2) DT (PSN=2)
ACK (with data loss)
RD (PSN =2) RD (PSN =2)

XB07(07)_F28

Figure 28 —Error recovery based on control treefor forward data channel

Each chilfl generates an ACK packet by ACK Generation Number (AGN). Each'child sends an ACK packet td its parent
every AGN number of packets. To do this, a child receives a Child ID fromiiits parent in tree configuration| which is
contained in the tree membership element of the TC packet.

Each chilfl sends an ACK packet to its parent, if the PSN number of aDT packet modulo AGN equals Child IP modulo
AGN, i.e]if:

PSN % AGN = Child ID % AGN
Suppose AGN = 8 and Child ID = 2. The child generates an ACK packet for the DT packets whose sequenceé numbers

are 2, 10,[18, 26, etc. This ACK generation rule is @pplied when the corresponding DT packet is received or detected as
aloss by the child.

9.6.1.3 [Retransmissionsand ACK aggriegation by LO

Each pargnt uses ACK packets to gatherstatus information for the error recovery. Each time a parent receives an ACK
packet frgm any of its children, it records and updates the status information on which packets have been successfully
received By its children.

Each DT packet is defined @s,a"stable’ packet if al of the children have received it. The stable DT packets are released
out of thg buffer memory\ef the parent. When a parent receives an ACK packet from one of its children, if orje or more
packet |o are indicated, the parent transmits the corresponding RD packets to all of its children over it multicast
control address.

After a pprent retransmits an RD packet, it will ignore any subseguent retransmission requests for the sane packet
during the RXT period.

An ACK packet contains information on the number of active descendants (ADN). The parent aggregates the ADN
variables for al of its children, and sends the aggregated information to its parent (when it sends an ACK to the parent).

9.6.2 Réliability control for backward data channel

Thereliability control for the unicast data channel will be done between SU and TO. In the data transmission phase, the
SU sends a HB packet to the TO every HGT time interval. The TO should respond with the HBACK packet to the SU.
The HBACK packet may indicate the retransmission request by containing the 'acknowledgement' element. In this case,
the SU sends the corresponding RD packet.

It is noted that the ECTP-3 uses the HBACK packet as the retransmission request from TO to SU, rather than using the
ACK packet that is used as the retransmission request in the forward multicast data channel. For the purpose of
retransmission request, a HBACK packet contains the 'acknowledgement' element, as described in the 'packet format'
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clause. Based on the HBACK and its acknowledgement element received from the TO, the SU can retransmit the lost
data packets. It is aso noted that the SU can configure its HGT timer used to trigger those HB and HBACK packets.

This design is made from the viewpoint that the control tree is not needed between TO and SU, and thus the
acknowledgement element for retransmission request could be piggybacked in the periodic HBACK packets flowing
from TO and SU.

The HB and HBACK packets will also be used to calculate the RTT between SU and TO at the SU side.

9.7 Connection management

9.7.1 User leave

Figure 29 illustrates the operations for user-initiated leave and troublemaker gection.

Child Child

Parent (user leave) (troublemaker ejection)

LR

LR

X.607(07)_E29

Figure 29 — User leave and troublemaker g ection procedures

In the Usgr Leave case, the child node will send a LR message to its parent (LO or TO). In the Troublemaker Ejection
case, the parent will request the concerned child to |eave the connection. In both cases, the LR message does rjot require
the corregponding confirm message. It is noted that the User Leave)operation is performed between a parent gnd a child
over the gontrol tree, rather than between TO and TS-user. Thetroublemaker gjection may be applied to the|child that
has not bgen responding during a certain time interval in the<HB and HBACK operation for tree maintenancg. It is not
recommended to apply the troublemaker gjection to an L.O ede that has one or more children.

9.7.2 Connection pause

In ECTP-B, the TO may pause the connection temporarily for a certain reason. For example, when it has no uger data to
transmit, the TO may pause the connection. :The connection may also resume. During the connection pause period, the
TO may gend ND packets.

Figure 30shows the operations for cannection pause/resumption. The ND packets do not require any confirm messages.

TO TS-user TS-user
ND
Contection ND
pause >
riod
perio ND
DT

X.607(07)_F30

Figure 30 — Connection pause procedur es

9.7.3 Connection termination

The TO may terminate the connection when it has completed the data transmission. The TO performs the connection
termination by sending a CT message to the group.
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Annex A

Timersand parameters

(This annex does not form an integral part of this Recommendation | International Standard)

This annex summarizes the timers and variables used for ECTP-3 for information.

Al

A2

32

Timers

a)

CCT (Connection Creation Time)

TO triggers the CCT timer when sending the CCR packet to the group. The TO will process only the

CCC Ir_\::rlzntc that arrive from-the. prn$or*ri\ln TUs heforethe CCT timer

A specific value of CCT will be configured by the TO.

b) CWT (CR Waiting Time)
A promising TS user can join the connection via a normal join (by sending a CC patket in r¢sponse to
the CR packet) or alate-join (by sending a LJ packet to the TO). For this purpose;the promisirlg TS-user
may try to perform the late-joining operation after waiting for the CR packet from the [TO for a
pre-configured time, CWT (CR Waiting Time), which may be configured by.each promising TStuser.
A specific value of CWT may be configured by a TS-user locally.

c) LJT (Late Join Time)
When a promising late-joining TS-user starts an ECTP connection; if it cannot receive any CCRR message
during the LJT time, it will try to join the ECTP connection. as a late-joiner by sending an LJR message
tothe TO.
A specific value of LJT will be configured by the TS<user.

d) HGT (Heartbeat Generation Time)
Each parent node transmits the HB packet tohits children every HGT second. Each child will respond
with the HBACK packet if the Child ID of-the HB packet is equal to its Child ID. The SU alsg sends the
HB packets every HGT interval. The TO Will respond with the HBACK packet.
The choice of HGT depends on the parent node and SU.

e) RXT (Retransmission Time)
In ECTP, the RXT timer isused by the packet initiator to wait for the corresponding confirm packet. For
example, a late joiner TSuser sends an LJIR packet to TO and waits for the LJC packet until the RXT
timer expires. When the timer expires and the confirm packet has not arrived until then, it may send the
request packet again. -The RXT timer can also be used by a parent node to back off the retrgnsmission
regquest from the-children for the RD packets that have already been retransmitted.
A specific vaue of RXT depends on the implementation.

Par ameters

a) ADN (Active Descendants Number)
This represents the number of the active descendants on the tree. Each LO calculates the ADN [value and
deliversitviathe ACK packet to-the parent—nthisway the TO can-be informed-about the total number

Lig L 7

of active participants in the connection.

b) AGN (ACK Generation Number)
The AGN value will be informed to the TUs via the Connection Information element. ThisAGN vaueis
referred to by each child node to realize when it should generate its ACK packet toward its parent.
A specific value of AGN may depend on the implementation.

c¢) FDN (Failure Detection Number)

The FDN number is used for atree node to detect whether its parent or child nodeis still alive.
maintenance, the parent may eject a child if the child has not been responding during
consecutive times of HB packets.

ITU-T Rec. X.607 (02/2007)
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