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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
respectiye organization to deal with particular fields of technical activity. ISO and IEC technical com
collabordte in fields of mutual interest. Other international organizations, governmental and non-governmeital, in

liaison
establishied a joint technical committee, ISO/IEC JTC 1.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,\Part 3.
The mai
adopted

Standarg

Attention

patent rights. ISO and IEC shall not be held responsible for identifying any or-all such patent rights.
ISO/IEC|14476-1 was prepared by Joint Technical Committegl ISO/IEC JTC 1, Information techn
Subcommittee SC 6, Telecommunications and information exchangebetween systems, in collaboration with
The identical text is published as ITU-T Rec. X.606.

ISO/IEC|14476 consists of the following parts, under thegeneral title Information technology — EnH
communfcations transport protocol:

Annexes

Part
Part
Part
Part
Part
Part

ith ISO and IEC, also take part in the work. In the field of information technology, ISO and)IEC

by the joint technical committee are circulated to national bodies for voting. Publication as an Intern
requires approval by at least 75 % of the national bodies casting a vote.

is drawn to the possibility that some of the elements of this part of ISO/IEC 14476 may be the sub

1: Specification of simplex multicast transport

D Specification of QoS management for simplex multicast transport
3: Specification of duplex multicasttransport

4: Specification of QoS management for duplex multicast transport
5: Specification of n-plex multicast transport

6: Specification of QoS-management for n-plex multicast transport

A and B of this(part of ISO/IEC 14476 are for information only.

ittees

have

task of the joint technical committee is to prepare International Standards. Draft'International Stapdards

btional

ject of

ology,
TU-T.

anced
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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 multicast-capable
networks. ECTP operates over IPv4/IPv6 networks that have the IP multicast forwarding capability with the help of
IGMP and IP multicast routing protocols, as shown in Figure 1. ECTP could possibly be provisioned over UDP.

Internet Multicast Applications

Enhanced Communications Transport Protocol

UDP

IP Multicast

Figure 1 - ECTP Model

ECTP is designed to support tightly controlled multicast connections in simplex, duplex and N-plex applications] This
Part pf ECTP specifies the protocol mechanisms for reliability control in the simplex case. ECTP also provide§ QoS
management functions for stable management of the QoS of the connection usefs. Such QoS management functiopality
can be achieved with QoS negotiation, monitoring and maintenance opérations. The protocol procedures for] QoS
manggement of the simplex case will be defined in the simplex QoS management specification (ITU-T Rec. X.66.1 |
ISO/IEC 14476-2), which forms an integral part of this Recommendation | International Standard. Further specifictions
will flefine control procedures and associated QoS management funetions for the duplex case (ITU-T Rec. X}607 |
ISO/IEC 14476-3 and ITU-T Rec. X.607.1 | ISO/IEC 14476-4) and for the N-plex case (ITU-T Rec. X.p08 |
ISO/IEC 14476-5 and ITU-T Rec. X.608.1 | ISO/IEC 14476-6):

In EQTP, all prospective members are enrolled into a multicast group, before a connection or session is created. Those
members define an enrolled group. Each receiver in_the enrolled group is referred to as an enrolled receiver. In the
enrolment process, each member will be authenticated. The group information, including group key and IP multicast
addrdsses and port numbers, will be distributed to the enrolled members during the enrolment process. An ECTP
conngction is created for these enrolled group thembers.

ECTP is targeted for tightly controlled multicast services. The sender is at the heart of multicast group communicaions.
A sirjgle sender in the simplex multicast connection is assigned the role of the connection owner, designated gs top
owndr (TO) in this Specification,.The connection owner is responsible for overall connection management by govgrning
conngction creation and terminatien, connection pause and resumption, and join and leave operations.

The pender triggers the eonnection creation process. Some or all of the enrolled receivers will participate i
conng¢ction, becoming-désignated "active receivers". Any enrolled receiver that is not active may participate
conngction as a latesjoiner. An active receiver can leave the connection. After the connection is created, the
begins to transmitymulticast data. If network problems (such as severe congestion) are indicated by the ECTP QoS
management filnctions (defined in ECTP part 2), the sender suspends multicast data transmission temporarily, invpking
the cpnnection pause operation. After a pre-specified time, the sender resumes data transmission. If all of the multicast
data have'béen transmitted, the sender terminates the connection.

ECTP provides the reliability control mechanisms for multicast data transport. ECTP mechanisms are designed to keep
congruency with those being proposed in the IETF. To address reliability control with scalability, the IETF has proposed
three approaches: Tree based ACK (TRACK), Forward Error Correction (FEC), and Negative ACK Oriented Reliable
Multicast (NORM). Each approach has its own pros and cons, and each service provider may take a different approach
toward implementing reliability control. ECTP adopts the TRACK approach, because it is more similar to the existing
TCP mechanisms and more adaptive to the ECTP framework.

For tree-based reliability control, a hierarchical tree is configured during connection creation. The sender is the root of
the control tree. The control tree can define a parent-child relationship between any pair of tree nodes. This tree-based
structure can result in local owners (parents) occurring at lower levels in the tree hierarchy as the control structure
extends. Each local owner created becomes the root of its own local control tree. The connection owner will then be the
root of the overall control tree. Error control is performed for each local group defined by a control tree. Each parent
retransmits lost data, in response to retransmission requests from its children.

© ISO/IEC 2002 — All rights reserved v
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INTERNATIONAL STANDARD ISO/IEC 14476-1
ITU-T RECOMMENDATION X.606

Information technology — Enhanced communications transport protocol:
Specification of simplex multicast transport
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3.1

Scope

Recommendation | International Standard specifies the Enhanced Communications Transport Protecol (E
I is a transport protocol designed to support Internet multicast applications over multicast-capable IR networks

Recommendation | International Standard specifies the ECTP for the simplex multicast transport connectio
5ts of one sender and many receivers. This Recommendation | International Standard, specifies the pr
dures for the following protocol operations:

a) connection creation with tree creation;

b) multicast data transmission;

c) tree-based reliability control with error detection, retransmission request and retransmission;
d) late join and leave;

e) tree membership maintenance; and

f)  connection termination.

Normative references

ollowing Recommendations and International Standards contain provisions which, through reference in this
valid. All Recommendations and StandardScare subject to revision, and parties to agreements based of

n of the Recommendations and Standatds listed below. Members of IEC and ISO maintain registers of cur
International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list d
htly valid ITU-T Recommendations.

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

— ITU-T Recommendation X.605 (1998) | ISO/IEC 13252:1999, Information technology —
Enhanced Communications Transport Service Definition.

Definitions

Terms defined in ITU-T Rec. X.601

This

3.2

Peer Communications Framework (ITU-T Rec. X.601).

"TP),

1 that
tocol

text,
cated
) this

mmendation | International Standard are-¢ncouraged to investigate the possibility of applying the most fecent

Fently
f the

a) Enrolled group; and
b) Active group.

Terms defined in ITU-T Rec. X.605 | ISO/IEC 13252

This Recommendation | International Standard is based on the concepts developed in Enhanced Communications
Transport Service (ITU-T Rec. X.605 | ISO/IEC 13252).

a) Transport connection; and

b) Simplex.

ITU-T Rec. X.606 (10/2001)

1
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33

Terms defined in this Recommendation | International Standard

For the purposes of this Recommendation | International Standard, the following definitions apply:

3.3.1

3.3.2

333
3.34

3.3.5
child
node
receiy

3.3.6
mana

3.3.7
operd
been
then

3.3.8
locat

3.39

application: Represents an Internet multicast application in this Specification. It corresponds to a transport
service user in the OSI mode. It exchanges transport service primitives with the corresponding transport protocol entity.
In the Internet, it communicates with the transport protocol entity via a socket interface.

packet: Represents a unit of transport data, which is equivalent to a segment in TCP/IP and a transport
protocol data unit (TPDU) in OSI model. A transport entity communicates with another transport entity by transmitting
packets. A transport protocol entity creates a packet, which is encapsulated into an IP datagram and then delivered to the
destination entity over networks.

: N - s I 1 —
receiver: Represents a transport protocol entity that receives the multicast data.

tree: Is a hierarchical logical tree employed for providing scalable reliability control. A tree defines a p
relationship between a pair of tree nodes. Sender and receivers are organized into a tree. In the tfee hierarchy,
is designated as TO (Top Owner), LO (Local Owner) or LE (Leaf Entity). TO is a single [ECTP sender. A
ers are designated as LOs or LEs.

TO (top owner): Is a single sender in the ECTP simplex multicast connections TO' is the root of the trej
ges the overall protocol operations for the connection.

LO (local owner): Is a receiver that manages a local group. An LO is-tesponsible for the overall pr
tions for its local group defined by the control tree. For error recovery, it*tetransmits the multicast data that
lost by its children. For flow and congestion control, it aggregates the eontrol information for all of its childre]
lelivers the aggregated information toward TO. In terms of the reliability control operations, TO is also an LO

LE (leaf entity): Is a receiver that has not been designated\as an LO. An LE cannot have any children|
bd as a leaf node on the tree.

local group: Consists of a parent and its children inthe tree hierarchy.

3.3.19  parent: Is a parent node for a local group. TO gr,;an LO can be a parent.

3.3.1

|l child: Is a child node for a local group. AnL.O or LE can be a child.

hrent-
h tree
11 the

e and

tocol
have
h and

Itis

4 Abbreviations
For the purposes of this Recommendation | International Standard, the following abbreviations apply:
4.1 Packet types
ACK  Acknowledgment
CcC Connection Creation Confirm
CR Connection Creation Request
CP Connection Termination
DT Data
HB Heartbeat
IC Late Join Confirm
JR Late Join Request
LR Leave Request
ND Null Data
RD Retransmission Data
TC Tree Join Confirm
TJ Tree Join Request
2 ITU-T Rec. X.606 (10/2001)
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4.2 Miscellaneous

ECTP  Enhanced Communications Transport Protocol

ECTS Enhanced Communications Transport Service

IETF  Internet Engineering Task Force

IGMP  Internet Group Management Protocol

1P Internet protocol

QoS Quality of Service

RFC Request for Comments

RMT—RetableMutticast-Framsport

SAP Session Announcement Protocol

SDP Session Description Protocol

TCP Transmission Control Protocol

UDP User Datagram Protocol
5 Conventions
In this Recommendation | International Standard, the key words "MUST", "REQUIRED", "SHALL", "MUST NOT",
"SHALL NOT", "SHOULD", "SHOULD NOT", "MAY", and "OPTIONAL" arg t0 be interpreted as described in [[ETF
RFCPR119, and indicate requirement levels for compliant ECTP implementations: Those key words are case-sensitiye.
6 Overview
The ECTP is a transport protocol designed to support Internet‘multicast applications. ECTP operates over IPv4/IPv6
netw¢rks that have IP multicast forwarding capability.
This Ppecification describes the ECTP protocol for the simplex multicast transport connection that consists of one sgnder
and many receivers. ECTP supports the connectiomymanagement functions, which are based on ITU-T Rec. X{605 |
ISO/H?SC 13252. The connection management functions include connection creation and termination, connection pause
and fesumption, and late join and leave. Fof reliable delivery of multicast data, ECTP also provides the prgtocol
mechanisms for error, flow and congestign ycontrols. To allow scalability to large-scale multicast groups, tree-pased
relialjility control mechanisms are employed which are congruent with those being proposed in the IETF RMT WG
Figute 2 shows an overview of the ECTP operations.
As sown in the figure, the Q0S ‘management operations such as QoS negotiation, monitoring and maintenance will be
specified in ITU-T Rec. X<606.1 | ISO/IEC 14476-2. In particular, QoS maintenance includes the operatiors for
conngction pause and resumie, and the flow and congestion controls.
Befofe an ECTP tramsport connection is created, the prospective receivers are enrolled into the multicast group. Such a
group is called an ‘¢nrolled group (see 8.1). During enrolment, authentication processes may be performed togethet with
group key distribution. The IP multicast addresses and port numbers must be announced to the receivers. These
enrolment §perations may rely on the well-known SAP/SDP, HTTP (Web Page announcement) and SMTP (E{mail)

proto

cols. The specific enrolment mechanisms are outside the scope of this Specification.

An enrolled receiver will be connected to the multicast-capable network with the help of the IGMP and IP multicast
routing protocols. Those IGMP and multicast routing protocols will refer to the announced multicast addresses. An
ECTP transport connection is created for the enrolled receivers.

ECTP is targeted to support tightly controlled multicast connections. The ECTP sender is at the heart of the multicast
group communication. The sender, designated as connection owner (TO), is responsible for the overall management of
the connection by governing connection creation and termination, connection pause and resumption, and the late join and

leave

operations.

The ECTP sender triggers the connection creation process by sending a connection creation message. Some or all of the
enrolled receivers may respond with confirmation messages to the sender. The connection creation is completed when
the sender receives the confirmation messages from all of the active receivers, or when a pre-specified timer expires
(see 8.2).

ITU-T Rec. X.606 (10/2001)
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Figure 2 — ECTP Protocol Operations

ighout the connection creation, some or all of¢the enrolled group receivers will join the connection. The rec
ave joined the connection are called activereeeivers. An enrolled receiver that is not active can participate
bction as a late-joiner (see 8.6). The late-jéiner sends a join request to the sender. In response to the join reque
r transmits a join confirm message, which indicates whether the join request is accepted or not. An active re
pave the connection by sending a leaying request to the sender. A trouble-making receiver, who cannot keep
he current data transmission raté;-may be ejected (see 8.7).

a connection is created, thé.sender begins to transmit multicast data (see 8.3). For data transmission, an appli
stream is sequentially segimented and transmitted by means of data packets to the receivers. The receiver:
er the received data packets to the applications in the order they were transmitted by the sender.

chical tree is_configured during connection creation. A control tree defines a parent-child relationship betweg]
f tree nodes,{The sender is the root of the control tree. In the tree hierarchy, a set of local groups are defin
group eonsists of a parent and zero or more children. The error, flow and congestion controls are performg
ocal group defined by the control tree.

Figure 3“illustrates a control tree hierarchy for reliability control. in which a parent-child relationship is confi

Pivers
n the
t, the
eiver
pace

ation
will

ake the protocoléscalable to large multicast groups, ECTP employs the tree-based reliability control mechanisfns. A

h any
ed. A
d for

between a sender (S) and a receiver (R), or between a parent receiver (R) and its child receiver (R).

pured

ECTP specifies the protocol procedures for tree creation. In the tree creation, a control tree is gradually expanded from
the sender to the receivers (see 8.2.2). This is called a top-down configuration. On the other hand, the [IETF RMT WG
has proposed a bottom-up approach, where the receivers initiate a tree configuration (see Annex B). Those schemes may
be incorporated into the ECTP as candidate tree creation options in the future.

Tree-membership is maintained during the connection. A late-joiner is allowed to join the control tree. The late-joiner
listens to the heartbeat messages from one or more on-tree parents, and then joins the best parent. When a child leaves
the connection, the parent removes the departing child from the children-list. Node failures are detected by using periodic
control messages such as null data, heartbeat and acknowledgement. The sender transmits periodic null data messages to
indicate that it is alive, even if it has no data to transmit. Each parent periodically sends heartbeat messages to its
children. On the other hand, each child transmits periodic acknowledgement messages to its parent (see 8.8).

4
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Figure 3 — Control Tree Hierarchy for Reliability Control

In EQTP, error control is performed for each local group defined by a control tree (see 8.4).If a child detects a datg loss,

it sends a retransmission request to its parent via ACK packets.

An AICK message contains the information that identifies the data packets which have been successfully received.

child

After
retrai

those|have been acknowledged by all of its children.

The flow and congestion control information is delivered from the receivers to the sender, along the control tred
detailed description of flow and congestion control willche given in ITU-T Rec. X.606.1 | ISO/IEC 14476-2, thd
management specification for the simplex multicast-fransport. Based on the monitored flow and congestion c
information, the sender will adjust the transmission. fate.

man
trans
to in

transmission (see 8.5).

The 5
are trf

7.1

Duri%% the data transmission, if network«preblems (for example, severe congestion) are indicated by the

retransmission of data, the parent activates a retransmission back-off timer. During the time int
smission request(s) for the same data will be ignored. Each parent can remove the data out of its buffer mem.

ement functions specified in ITU-T Rec. X.606.1 | ISO/IEC 14476-2, the sender suspends the multicast
ission temporarily. In this period, ne new data is delivered, while the sender transmits periodic null data mes
Hicate that the sender is alive: After a pre-specified time has elapsed, the sender resumes the multicast

ender terminates the ¢onnection by sending a termination message to all the receivers, after all the multicas
hnsmitted. The conpection may also terminate due to a fatal protocol error such as a connection failure (see 8.9

Protocol components

Nodes

Each

can send an ACK message to its parent using one of two ACK generation rules: ACK number and ACK tinjer. If
data fraffic is high, an ACK is generated for the ACK number of data packets. H the traffic is low, an ACK messag
be trgnsmitted after the ACK timer expires.

e will

erval,
ry, if

. The
QoS

ntrol

QoS
data

sages
data

data

ECTP protocol mechanisms are based on a logical control tree, which defines a parent-child relationship between any
pair of tree nodes. Each node on the tree is classified into one of three node types: TO (top owner), LO (local owner) and
LE (leaf entity).

a) Top Owner (TO)

TO is the root of the control tree and also a single sender in the simplex multicast connection. TO
manages the overall connection management functions including the connection creation and termination.
In the connection creation phase, a control tree is configured by interactions between the sender and
receivers. After the connection is created, TO sends multicast data to the receivers. TO can temporarily
suspend and resume the connection. TO can admit or reject the group members who want to join the
existing connection. After all the data is transmitted, TO terminates the multicast transport connection.

ITU-T Rec. X.606 (10/2001)
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b) Local Owner (LO)

In the ECTP connection, some of the receivers may be designated as LOs. Each LO has its children that
consist of other LOs and/or LEs. LOs are thus located as interior nodes on the tree. Each LO retransmits
the multicast data that have been lost by its children. It also aggregates the information on the flow and

congestion control from its children, and forwards the aggregated information toward TO. TO is al
LO in terms of the reliability control operations.

c¢) Leaf Entity (LE)

SO an

A receiver, which has not been designated as LO, is referred to as an LE. An LE cannot have any children.

It is thus located as a leaf node on the control tree.

TO i
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stabillity of the connection. It is thus expected that LOs are given more processing power and responsibility than LE§.
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Figute 4 shows a general structure of an ECTP\control tree.
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[ an LO can be a parent, and an LO or LE can be a child.

b tree hierarchy, an LO retransmits lost multicast data to its children (error recovery) and forwards the floy
bstion control information to TO. Moreover, each LO has authority to eject a trouble-making child te mainta

TP, it is presumed that some of receivers have been designated as LOs before the connection is created
fication does not consider the selection of LOs among flat receivers during the cofihection. That is, befo
bction creation (or in the enrolment phase), each receiver MUST know whether it i$.dan LO or LE. In a very {
group or asynchronous networks such as satellite or mobile networks, no, Q" may be designated. In
bnments, all the receivers will be LEs.

O may be an end host or a dedicated server. In privately controlled netwoiks, it is probable that dedicated s¢
on as LOs. In public networks, end hosts may be employed as LOs. In€ither case, an LO is a receiver and per
liability control operations for its local group as a parent.

Control tree
a connection is created, TO transmits data to all the téceivers by multicast. Each child sends status informati
Feception to its parent. The information will thus e delivered to TO along the control tree. The multicas

ns flow from TO to LOs and LEs in the downward direction, while the control information is transferred fron
via LOs in the upward direction along the control tree.
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Figure 4 — An ECTP Control Tree
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A control tree defines the parent-child relationship between any pair of nodes. The control tree provides each tree node
with the following information:

—  Who is my parent node ? (at LOs and LEs);

—  Who are my children nodes ? (at TO and LOs).
Based on the information described above, a tree node may keep its parent and/or children list. In the list, each element is
identified by its transport address, and all the elements are arranged in the order of a pre-specified rule such as IP address

or hop distance, etc. The parent list may have one or more elements, some of which will be used as backup parent nodes
against a failure of the current parent node.

ECTP provides three options for tree configuration (see 8.2.2). The other options may additionally be defined in the
future according to the requirements of multicast applications (see Annex B).

7.3 Addressing

7.3.1 Port

ECTP uses a set of ports to identify different applications in an IP end host. The port number is inserted in each pgacket
headgr. In general, an IP host can support a number of ports, and each port number is unique within/the host. The bipding
of pofts to processes is handled independently by each host.

For a multicast transport connection, at least two ports are used. If implementations use/the socket interface, it will be
boun(l to at least two ports. One of them is a port used for multicast data transmissien\and reception, which MU$T be
annofinced to the group members before the connection is created. Another is a port-assigned locally within a system,
which will be referred to as a destination port number for transmission of unicast control messages.

When a transport connection is released, it is necessary to prevent the curfent port from being reused by anothef new
conngction, because the packets associated with the current port may still€xist in the network and flow into the por{ even
after the connection is terminated. It is thus recommended that the relévant port be set to be in a frozen state, if the
conngction is released. The port being in the frozen state MUST NOT be reused by any other connection for a spgcific
time.

7.3.2 Transport addresses

A trapsport address is defined as a pair of an IP address afd a port number. The multicast transport address consists|of an
IP mplticast address and a port number. TO sends multicast data by setting the multicast transport address 4s the
destifation transport address. Each receiver receives the multicast data from TO over the multicast transport adfiress.
Such|a multicast transport address for data transmission MUST be announced to all the group members in the enrolment
phasg.

A unjcast transport address is identifiéd with a pair of an IP unicast address and a local port number. When TO pends
multicast data, it sets the corresponding source transport address to its unicast transport address. The unicast trarjsport
addrgss is also used when a node(trafismits a unicast control message to another node.

7.3.3 Multicast data and,control addresses

In ECTP, TO sends data-to all receivers by multicast, while LOs send retransmission data and control messages |to its
local |group by multicast.

Depepding on the ‘multicast deployment in the network, TO and LOs may share a single IP multicast address dr use
diffefent IP_fiulticast addresses. For example, the source specific multicast (SSM) routing protocol defines a multicast
chanfpel by & pair of an IP multicast address and a unicast address of the source. In SSM, a multicast channel is unique to
the se[nder (see Annex A for more in detail).

In the networks where TO and LOs use different multicast addresses or channels, all of the multicast addresses employed
MUST be announced to the group members, before the connection is created. In this case, one of them is used for the
multicast data transmission by TO, and the others are for the multicast control by LOs such as the multicast data
retransmission and the multicast transmission of control messages.

7.4 Packets

ECTP packets are classified into data and control packets. Data (DT) and Retransmission Data (RD) are the data packets.
All the other packets are used for control purposes. Table 1 summarizes the packets used in ECTP. In the table, the
transport type 'multicast' represents global multicast using a multicast data address, while the 'local multicast' does local
multicast using a multicast control address. The RD and HB control packets are delivered from an LO to its local group
(i.e. its children) by local multicast.
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Table 1 — ECTP Packets
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Packet Acronym Transport Type From To
Creation Request CR Multicast Sender Receivers
Creation Confirm CcC Unicast Child Parent
Tree Join Request TJ Unicast Child Parent
Tree Join Confirm TC Unicast Parent Child

Data DT Multicast Sender Receivers
Null Data ND Multicast Sender Receivers
Retransmission Data RD (Local) Multicast Parent Children
Acknowledgement ACK Unicast Child Parent
Heartbeat HB (Local) Multicast Parent Children
Late Join Request JR Unicast Receiver Sender
Late Join Confirm IC Unicast Sender Receiver
Leave Request LR Unicast Parent/Child Child/Parent
Connection Termination CT Multicast Sender Receivers

NOTE 1 — Sender is TO, and Receivers are LOs and LEs.
NOTE 2 — Parent is TO or an LO, and Child is an LO or LE.
NOTE 3 — See Table 3 in 9.3 for the detailed packet structire)

Protocol procedures

ipate in the ECTP connectiony

pntrol packets fromT©and LOs.

Operations before the connection;creation

¢ an ECTP connection is created, every’prospective group member has been enrolled to the multicast group. S
per is called an enrolled group,_member (see ITU-T Rec. X.601). Some or all of the enrolled group user:

e an enrolled group member-joins the multicast connection, it MUST be attached to the network interface wi
bf the IGMP and IP multieast routing protocols. This ensures that the enrolled member listens to the multicas

hrolled user gets information on the multicast session, including IP addresses and port numbers, via SDP
P (Web page).or'E-mail. The detailed enrolment mechanisms are outside the scope of the ECTP specification.

hsure that*an enrolled user participates in the ECTP connection, the following transport addresses MUY
inced to the enrolled group, together with the session-specific information:

1) Multicast group (data) transport address: an IP multicast address and a port number:

uch a
will

h the
data

SAP,

T be

The IP multicast address and port number combination MUST be unique to an ECTP connection, and it
will be used by TO to transmit the multicast data to the receivers.

2)  Unicast transport address of TO: an IP unicast address and a port number:

The IP address and the port number correspond to the source IP address and the port number for the
multicast data packets, respectively. They will also be referred to as the destination IP address and the port

number for the control packets flowing from receivers to TO.

3) Unicast transport address of LO: an IP unicast address and a port number:

This unicast transport address corresponds to the source IP address and port number for the multicast
control packets such as TJ and ACK packets. It is also referred to as the destination address and port
number for the control packets from the children to LO.
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4) Multicast control transport address of an LO: an IP multicast address and a port number:

If TO and LOs use different multicast addresses, each LO also announces its multicast address and port
numbers. The IP address and the port number will be used by LO to transmit the multicast control packets
such as HB and RD packets to the children.

Using multicast addresses, each enrolled member MUST have been attached to the network, via the IGMP and IP
multicast routing protocols, before the connection is created. The member listens to the multicast control and data control
messages from TO and LOs.

8.2 Connection creation

8.2.1 Procedures for connection creation

TO tfiggers the connection creation by sending a CR packet to the enrolled receivers. Some or all of the.enfolled
receiyers will respond with their respective CC packets. TO completes the connection creation by aggregatingythoge CC
packgts. The receivers that have participated in the connection are called 'active receivers.'

If ong or more LOs are employed for the tree creation, each LE sends its CC packet to its parentALO. The parept LO
aggrdgates the CC packets from its children, and then sends an aggregated CC packet to its parent.

The donnection creation procedures are summarized as follows:
1) TO transmits a CR packet to all the receivers by multicast.
TO then activates the Connection Creation Time (CCT) timer.
2) When a receiver receives the CR packet, it begins to configure the coiitrol tree (see 8.2.2).

3) After each receiver joins the tree, it sends a CC packet to its parent by unicast, and then waits for multicast
data from TO. Each on-tree parent LO aggregates the CC{agckets from all of the children and then gends
an aggregated CC to its parent.

4) TO aggregates CC packets from its children while«the 'CCT timer is valid. If the CCT timer expirep, TO
completes the connection creation for the receiversithat have sent CC packets until then.

Figure 5 depicts the generic procedures for connection creation:

.

CCT C) Control Tree Creation

CcC
CC (aggregate)

T0733850-01
TO LO

Figure S — Connection Creation Procedures

In the figure, the detailed tree creation procedures are described in 8.2.2.

After the connection creation is completed, TO transmits multicast data. The receivers that have not participated in the
connection may join the connection as late-joiners (see 8.6).

All the group members, a sender and receivers, activate Inactivity Time (IAT) timers, when connection creation is
indicated. The /4T timer is used to protect against abnormal protocol operations. The /4T timer is reset each time a new
packet arrives. If /AT timer expires without reception of any packet, the corresponding node determines that the
connection has failed.
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8.2.2 Control tree creation

In the connection creation, ECTP configures a hierarchical control tree connecting TO and LEs via zero or more LOs.
ECTP provides three options for the tree creation:

a) Option 1: Level 1 Configuration, in which no LO is employed;
b) Option 2: Level 2 Configuration, in which all LOs are connected to TO;

¢) Option 3: General Configuration, in which more than two tree levels may be configured.

One of these three options MUST be specified in the connection information element (see 9.2.1). Depending on the
network infrastructure, the other options may be defined for the tree creation in the future, which includes the schemes
proposed by the IETF RMT WG. The brief sketches for those options are given in Annex B.

top-dpwn approach is employed with procedural steps. Starting from TO, the tree is gradually expanded by(inelpding

The %Eee creation algorithm automatically constructs a control tree. To ensure the 'no loop configuration' in the treg, the
non-tree LOs and LEs in the stepwise manner.

For the stable operation and maintenance of ECTP protocol mechanisms, Options 1 and 2 are recommended for the tree
creatjon. Figures 6 and 7 illustrate the control tree in Option 1 and 2, respectively.

@ Level 0

N

B @ B © R

T0733860-01

Figure 6 — One-levelTree in Option 1

Level 0

Level 1

Level 2

LE GJ; LE

N N N N N N N
T0733870-01

Figure 7 — Two-level Tree in Option 2

Each receiver node starts the tree creation as soon as a CR packet is received. This Specification first provides the tree
creation procedures for Option 2, and the procedures for Option 1 and 3 will be described later.

In Option 2, all the LOs are connected to TO, and each LE can join an on-tree LO or TO. Figure 8 illustrates the tree
creation procedures for Option 2.
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Figure 8 — Tree Creation Procedures

Fee creation procedures are summarized as follows:

1) TO begins to send periodic HB packets over its multicast control address, just after the CR packet is
released.

2) Each LO joins the TO by sending a TJ packet, and then-activates Retransmission Time (RXT) timer.

3) TO responds with a TC packet to each LO. The T€ packet contains a flag bit to indicate whether thg join
request is accepted or not.

4) TIfan LO receives the TC packet with the aeceptance flag within the RXT time, it becomes an on-tree how.

In the rejection case, the LO cannotbe on the tree. If the TC packet does not arrive within RXT timg, the
LO retransmits a TJ packet to TO:

5) Each on-tree LO begins to ddvertise periodic HB packets over its multicast control address. Then the on-
tree LO activates the Tree Creation Time (TCT), which is a half of CCT.

ch on-tree LO uses a multicast)control address to invite its children (see 7.3.3). Each receiver that wants [to be
hnected to the control tree SHOULD join one or more multicast control addresses. This ensures that each LO pr LE
ens to the HB packets from the candidate parents.

ch LE listens to HB-packets from the on-tree TO and LOs. Those candidate parents are recorded into its parer]t list.
hen an LE containg/one or more entities in its parent list, it selects the best candidate parent. The specific sel¢ction
e is an implenientation issue, which may be based on the shortest hop distance, the most recently received HB
ket, or th¢ Towest IP address, etc. For the parent recovery against the failure, it is desirable that each LE keeps two
more candidate parents in its parent list.

eman'LE joins TO or an on-tree LO as follows:

6) The LE sends a TJ packet to the best parent by unicast, and then activates RXT timer.

7) Each on-tree LO responds with a TC packet, which contains the flag bit. The decision of acceptance or
rejection is made based on the Maximum Children Number (MCN).

8) Ifan LE receives the TC packet with the acceptance flag within RX7, it is on the tree now. The on-tree LE
sends a CC packet to its parent by unicast. In the rejection case, LE tries to join an alternate on-tree LO. If
TC packet does not arrive within RX7, LE retransmits a TJ packet to the on-tree LO.

9) If the TCT timer expires, then LO aggregates CC packets and sends an aggregate CC to its parent
(i.e. TO). If the CCT timer expires, TO completes the connection creation and tree creation process.

In Option 1, no LO is employed in the tree. In fact, no tree is configured. All the receivers become the children of TO.
This option may be used in multicast connections that do not display the scalability problems.
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In Option 3, a general tree is configured with more than two tree levels. The parent-child relationship can be formed
between two LOs. Thus an LO may be a child or a parent of another LO. In this option, the tree creation mechanism is
the same as that in the option 2, except the following points:

a) When an LO is on the tree, the on-tree LO increases the Current Tree Level (CTL) value by one. Note that
a child LO of TO has CTL of '1'. In step (5), for the given Maximum Tree Level (MTL), an LO sets its TCT
to "CCT * (MTL — CTL) /| MTL,"

b) The steps (6), (7), (8) and (9), which are called the 'branching process', will be performed between a
parent LO and its children. A new on-tree LO will begin the branching process again to find its children
until its 7CT timer expires; and

c¢) To ensure that the tree grows from the root to the multiple tree levels, each parent may reserve a portion of
the Maximum Children Number (MCN) value for the children LOs.

The ¢C packet contains information on the number of active receivers, Active Receivers Number (ARN). Each LE|sgts its
ARN o '1', while a parent aggregates the ARN values for its local group by summing up the number of its descendagts. In
this way, TO can know how many receivers are active in the connection.

8.3 Data transmission

After] the connection is created, TO transmits multicast data to all the receivers. TO will generate DT packets Qy the
segmentation procedure. To do this, TO splits a multicast data stream into multiple DT packets. Each DT packet Has its
own sequence number (see 8.3.2). TO sets the F bit of the fixed header to '1' (see 9.1) forlthe last DT packet of th¢ data
streain.

When TO has no data to transmit, TO transmits the periodic ND packets. Nul/lN\Data Time (NDT) is a time inferval
betw¢en multicast transmissions of ND packets by TO. The NDT timer is activated after the connection is created.|Each
time f DT or RD packet is transmitted, the NDT timer is reset. If NDT timer'eXxpires, TO transmits an ND packet.

All the data packets received are delivered to the application in the order sent by TO. Each receiver reassemblg¢s the
receiyed packets. Corrupted and lost packets are detected by usig a checksum (see 8.3.1) and sequence nymber
(see §.3.2). A corrupted packet is considered as a loss. The lost DT packets are recovered in the error control furgction
(see §.4.2).

ECTP uses flow control based on a fixed-sized window, which is the same as the ACK Bitmap Size (ABS). The window
size fepresents the number of unacknowledged data packets in the sending buffer. Sender can maximally transmfit the
windw size data packets at the configured data transmission rate. In ECTP, the transmission rate of multicast data is
contrplled by the rate-based flow and congestion control mechanisms, which will be specified in ECTP part 2] QoS
management specification.

8.3.1 Checksum

This [function is used to detect cofruption of a received packet. This checksum covers a whole packet including the
¢r, extension elements andlon data parts (see 9.1). The checksum MUST be applied to all packet types,| It is
calcufated and stored by the sénding entity, and then verified by the receiving entity.

To cmpute the checksum for an outgoing packet, the sender first sets the checksum value to '0'. Then the 16-bit|one's
complement sum of the'packet is calculated. The 16-bit one's-complement of this sum is stored in the checksum figld of
the fiked header.

If th¢ calculated checksum is '0', it is stored as all one bits, i.e. 65535, which is equivalent in one's-compl¢gment
arithrpetic. Note that the transmitted checksum of '0" indicates that the sender did not compute the checksum.

On rgcep
chec ; 7
checksum error. In this case, the receiver discards the packet. A corrupted packet
packet will trigger the retransmission request (see 8.4.2).

tion of a packet, each receiver calculates the 16-bit one's-complement sum of the packet. The calcylated
ViIGST beattone bi iTIce the ChecKSUIT valtue Tefic e checKSumT Stored by the Sender. 1f Tot, it Imeans a
is considered as a loss. A lost data

8.3.2 Sequence number

A new DT packet is sequentially numbered by TO. The sequence number is used to detect lost data packets by receivers
and to manage the transmission and retransmission buffers by TO and LOs.

On transmitting the CR packet, TO chooses an initial sequence number (ISN). The ISN is randomly generated other than
'0". The sequence number '0' MAY be used to indicate an inactive connection.

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",
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8.4 Error recovery

The reliability control mechanisms typically consist of error recovery and flow and congestion control operations. Flow
and congestion control mechanisms are designed to adjust the data transmission rate based on the monitored status of the
receivers and the networks, and these objectives are a good match with the design goals of the QoS management
specification. The flow and congestion control operations will thus be specified in the QoS management specification in
ITU-T Rec. X.606.1 | ISO/IEC 14476-2, along with QoS monitoring and maintenance operations.

This Specification focuses on error recovery, which consists of error detection by receivers, retransmission request by
receivers via ACK packet, and retransmissions by parents. In this Specification, adjustment of data transmission rates
will not be considered (i.e. the sender is assumed to transmit the multicast data at a fixed rate).

8.4.1 Error detection

The Header checksum field is used for detection of packet corruption, and the sequence number field is for detectioh of a
packg¢t loss. When a data packet is received, each receiver examines the header checksum. If the checksum)figld is
invalld, the packet is regarded as a corruption and shall be discarded. A corruption is treated as a loss. The loss dan be
detected as a gap of two consecutive sequence numbers for DT packets. The loss information is recordéd, into the |ACK
bitmdp, which is attached to the subsequent ACK packets.

8.4.2 Retransmission request

ACK] packets are used for the retransmission requests. When a receiver detects a gap @njthe sequence numbgrs of
receiyed packets, it sets to zero the bit of the ACK bitmap which corresponds to the lost DT packet. The ACK bitmap is
inclufled into the acknowledgement element, which is attached to the subsequent ACK packet and delivered to the parent
by thg ACK generation mechanisms.

For allocal group, a parent and its children maintain the following variables to determine the status of DT packets:

a) Lowest Sequence Number (LSN): If a node is a child, this is~the sequence number of the lowest numpered
DT packet that the child has not acknowledged. If the nade'is a parent, this is the sequence number pf the
lowest numbered DT packet that has not been acknowledged by any of its children;

b) Highest Sequence Number (HSN): If the node is a child, this is the sequence number of the highest
numbered DT packet that has been received. Iftli€ node is a parent, then this is the sequence number of
the highest numbered DT packet that has been received by any of its children.

To rdquest the retransmissions of lost data, each childhakes an acknowledgement element containing the LSN, (Valid
Bitmdgp Length and ACK Bitmap. The Valid BitmapALength is set to HSN — LSN + 1. For an example, for LSN = 1p and
HSN|= 22, the Valid Bitmap Length = 8. The ACK Bitmap specifies a success or a failure of a packet delivery: |l' for
succgss and '0' for failure. A bitmap can represeént Bitmap Length * 32 packets maximally. Suppose Bitmap = 01101111,
then the DT packets with the sequence number 15 and 18 are lost.

Note|that an intermediate LO on the trée has two sets of the LSN and HSN parameters: the one set as a child and the[other
set ag a parent. The parameter values for a child are updated by the status of the data reception from TO, while the
pararheter values for a parent will be refreshed by the acknowledgement element from the children.

Wher a parent sends a HB packet to its children, it sets the sequence number field to the LSN. The data packets, whose
sequgnce number is smaller than the LSN, cannot be recovered.

8.4.3 ACK gengration
Each|child genetates an ACK packet by ACK Generation Number (AGN) or by ACK Generation Time (AGT).

Each|child senids an ACK packet to its parent every AGN number of packets. To do this, a child receives a Child ID|from
its parent in'tree configuration, which is contained in the tree membership element. Each child sends an ACK packet to
its palrent; if the sequence number of a DT packet modulo AGN equals Child ID modulo AGN, i.e. if:

Packet Sequence Number % AGN = Child ID % AGN.

Suppose AGN = 8 and Child ID = 2. The child generates an ACK packet for the DT packets whose sequence numbers are
2, 10, 18, 26, etc. This ACK generation rule is applied when the corresponding DT packet is received or detected as a
loss by the child.

When data traffic is low, a receiver may not send an ACK packet for a long time. This could cause a long wait for packet
stability at the parent and could also make the receiver appear to have failed. AGT is used to ensure that the receivers
respond in a timely manner. A receiver sends at least one ACK packet within the AGT interval. AGT timer is initialized
when a child receives the first DT packet, and it is reset each time a new ACK packet is sent.

In summary, when the data traffic is high, ACK packets will be generated by the AGN number rule. On the other hand,
ACK packets are triggered when AGT timer expires, if the traffic load is low.
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8.4.4 ACK aggregation
Each parent uses ACK packets to gather status information for the error, flow and congestion controls.

Each time a parent receives an ACK packet from any of its children, it records and updates the status information on
which packet(s) have been successfully received by its children. A DT packet is defined as a stable packet if all of the
children have received it. The stable DT packets are released out of the buffer memory of the parent. When a parent
receives an ACK packet from one of its children, if one or more packet losses are indicated, the parent transmits the
corresponding RD packets to all of its children over its multicast control address (see 8.4.6).

An ACK packet contains information on the flow and congestion control. The parent must aggregate the corresponding
control variables for all of its children, and sends the aggregated information to its parent by using its subsequent ACK
packet. For any control node (TO or LO) the aggregated information represents the receiving status for all of its

descenr‘anfc ;nn]nr“ng s ovwm-children A _more-detailed cpnni‘ﬁr‘aﬂnn ofthe flovwand r\r\ngpaﬁr\n controlswill be. iven

in thg QoS management specification in ITU-T Rec. X.606.1 | ISO/IEC 14476-2.

8.4.5 Local RTT measurement

The Round Trip Time (RTT) for a local group, Local RTT, is measured by comparing a HB./packet with its
correpponding ACK packets. A parent LO sends a HB packet containing a timestamp element to,its, children eveqy HB
Genefation Time (HGT) interval. Each child updates the Timestamp that was in the HB packet, before it sends an|[ACK
packgdt to its parent, as follows:

1) The child records the time when the HB packet arrives as Tyoceiye;
2) The child records the time when it sends the corresponding ACK packét to its parent as Ty,
3) The ACK packet delivers the following Timestamp value:

Timestamp = Timestamp + Tye;q — Thoceive

Recelving an ACK packet from a child, the parent calculates the RTT from’the child by subtracting Timestamp from the
currept time. The RTT is recorded into the children list. The parent-determines Local RTT by the minimum RTT [value
for it$ children.

Calcylation of Local RTT is optional. Local RTT may be used(to determine the Retransmission Back-off Time (RBJ) for
the 1gcal group. After a parent retransmits a data packet, ity will ignore any subsequent retransmission requests for the
same|packet during the RBT period (see 8.4.6). The RBI@nay be set to two or three times Local RTT. It is recomm¢nded
to us¢ RBT value large enough to reduce unnecessary ‘duplicated retransmissions. Additional use of Local RTT in ECTP
may be defined in the future.

8.4.6 Retransmission

In regponse to an ACK packet, each parent retransmits RD packets for the data that are requested by any childrer, if it
holdd the requested data packets. RD packets are retransmitted over the multicast control address.

After|a parent sends an RD pacKet)for the requested data, it activates the Retransmission Back-off Timer (RBT). During
that tme, retransmission requésts-for the same data packet will be ignored.

The aximum number gf-refransmissions for a lost DT packet shall be bounded to Maximum Retransmission Nymber
(MRY). The parent ighores further retransmission requests exceeding MRN, and removes the corresponding data gut of
its buffer memory,

8.5 Connection pause and resume

This [fuiction is used to suspend multicast data transmissions temporarily. If the connection pause is indicated, TO
transmtts P\.«liud;\.« NDB Pqui\\,to with-theFbit-ofthe—frxed-headersetto—+ (o\,\, 91) Trthe—connection pausc }J\.«li\) , TO
must not transmit any new DT packet, while control packets including RD and HB can be sent. The connection resume is
activated if the sender realizes that connection status is recovered from an abnormal state. If the connection resume is
indicated, the sender transmits periodic ND packets with the F bit of the fixed header set to '0'. The specific rules to
trigger the connection pause and resume will be given in ITU-T Rec. X.606.1 | ISO/IEC 14476-2.

8.6 Late join
To join an existing connection, the late-joiner performs the following procedures:
1) The late-joiner sends a JR packet to TO by unicast. It then activates Retransmission Time (RXT) timer;

2) On reception of a JR packet, TO responds with a JC packet to the late-joiner. JC packet MUST specify in
the flag F bit of the fixed header whether the join request is accepted or not: 0 (accept) or 1 (reject);
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3) Ifthe late-joiner receives a JC packet with an acceptance flag within RXT, then it begins to join the control
tree in the tree configuration. If RX7 timer expires without reception of a TC packet, the late-joiner sends
the JR packet to TO again. The number of retransmissions of the JR packet is bounded by Maximum

Retransmissions Number (MRN).

In the tree configuration, the late-joiner joins the tree by sending a TJ packet to an on-tree LO and by receiving a TC
packet from the on-tree parent (see 8.8.1 for more in detail).

Figure 9 describes the procedures for the late join operation.

8.7
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to fin
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Figure 9 — Protocol Procedures for Late Join

Leave

function is used when a receiver leaves an existing connection, or a parent ejects a trouble-making child.

User-invoked leave

t then updates its child list.

be that the leaving receiver is an LO, the protocol behaviour may become unstable, because each of its childrg
d a new alternate parent. In this case, the reliability may not be guaranteed. For the stable operation of the pro
ot recommended that LOs leaye\the connection.

Troublemaker ejection

r LO can eject a trouble-making child. When a troublemaker is detected, the parent sends an LR packet {
emaker. It then remoeves the troublemaker from its child list. An example of troublemaker is a failed child
hierarchy (see¢8.873.) When a child receives an LR packet from its parent, it MUST leave the connectid
ular, the ejectionh of an LO is not desirable, because the LO may have one or more children. For stable operat
otocol, it\ds,not recommended to eject an LO.

pecific(rules to define a troublemaker will be discussed in ITU-T Rec. X.606.1 | ISO/IEC 14476-2.

rding to the leave request of the application, the leaving receiver sends an LR packet to its parent by unicas{.

The

n has
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o the
n the
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on of

8.8

Tree membership maintenance

After an initial control tree is created in the connection creation, the tree membership is maintained until the connection
is terminated. The tree membership maintenance deals with the following issues:

8.8.1

—  Tree configuration for late-joiners;
—  Tree reconfiguration for leaving receivers; and

—  Tree reconfiguration against node failures.

Tree configuration for late joiners

After the connection is created, each on-tree LO advertises periodic HB packets over its multicast control address. When
the late-joiner receives a JC packet from TO (see 8.6), it begins to locate a suitable parent.

ITU-T Rec. X.606 (10/2001)
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The late-joiner listens to HB packets from one or more LOs, and information on candidate parents are recorded into the
parent list. Again, if the multicast control addresses are different to the multicast data address, each late-joiner must have
joined one or more multicast control addresses of TO or LOs, together with the multicast data address, in the enrolment

phase

The late-joiner selects the best candidate parent from its parent list. The selection rule is an implementation issue. The
late-joiner sends a TJ packet to the selected candidate parent, and activates RXT timer.

The on-tree parent responds with a TC packet to the late-joiner, which contains the flag bit to indicate an acceptance or

reject

ion. The decision is made based on the MCN.

If the late-joiner receives the TC packet with the acceptance flag within the RXT time, it is on the tree now. In the
rejection case, the late-joiner tries to join an alternate candidate parent in the parent list. If the TC packet does not arrive

withih RXT time, the late-joiner retransmits a TJ packet.
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Tree reconfiguration for leaving receivers

scribed in 8.7, when a child leaves the connection, the parent removes the child out of its child list.

Tree reconfiguration against node failures

tect a node failure, the Node Failure Threshold (NFT) is employed. The tree maintenance procedures are dif]
e node types: TO, LO and LE.

a single sender in the simplex multicast connection. Each receiver detects thé-failure of TO by the NDT inten
iver cannot hear any packet from TO during the interval NFT times NDT, itidetermines that TO has failed. Thg

parent LO advertises periodic HB packets after it becomes an on-tfgevhode. A child detects the failure of its p|
annot receive any packets such as HB and RD packets from the parent during the interval NFT times Hea
ation Time (HGT). Then the child begins to find an alternate‘parent.

ent detects the failure of a child, if it cannot hear any ‘ACK packets from the child during the interval NF'T
Generation Time (AGT) or for the number NFT times AGN data packets. If a child is detected as a failur
t sends an LR packet to the failed child, and clears.the child out of its children list.
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8.9 Connection termination
TO tprminates a multicast transport connecfion by sending a CT packet to all the receivers by multicast. Whd
conng¢ction termination is indicated, TO shall discard all subsequently received packets and also freezes the local port
number. On the receipt of a CT packet;.each receiver freezes the local port number.
This function will be initiated,after’all the multicast data are transmitted. TO also terminates the connection on detd
of a fhtal protocol error. Fopexample, if no packet is received during the /47 interval, then TO terminates the conne
9 Packet-formats
An HCTP packet MUST contain a fixed header and extension elements or data parts. The fixed header consists
bytes| The extension elements are arranged in the specified order (see 9.2).
The packetformatisiHustrated-nFigure+0-

bytes 0 1516 PL-1

Fixed Header Extension Elements or Data
PL Packet Length
Figure 10 — Packet Format
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9.1 Fixed header

The 16-byte fixed header contains parameter fields used in all protocol operations. If any of the fields has an invalid
value, this is a protocol error.

Figure 11 shows the structure of the fixed header, when ECTP operates over IP:

0 8 16 24 31
Next Element Version Packet Type Checksum
Destination Port Source Port

Sequence Number

Payload Length F Reserved

Figure 11 — Fixed Header Format

A fixgd header contains the following information:

a) Next Element — Indicates the type of the next component immediately following the fixed header. The
next element field of the last extension element MUST be¢set to '0000', meaning "no further eleent"
(see 9.2);

b) Version — Defines the current version of the ECTP protecol. It starts at '1";
¢) Packet Type — Indicates the type of the current packet (see 9.3);
d) Checksum —Is used to check the segment validity of a packet (see 8.3.1);

e) Destination and Source Ports — Are used to identify the sending and receiving applications. Thesg two
values are used as the transport addresses, together with the source and destination IP addresses in the IP
header. The port number is 16-bit long;

f)  Sequence Number — Is the sequence number of a data packet in a series of segments. This seqpence
number is a 32-bit unsigned mamber that wraps back around to '1' after reaching '2** — 1' (see 8.3.2);

g) Payload Length — Indicates the length of the elements or data part in bytes, following the fixed h¢ader.
For control packets, itTepresents the length of extension elements. For data packets, it indicates the length
of data parts;

h) F—Isa flag\bit. Depending on the packet types, it has a different purpose:
1) Forthe DT packet, F =1 indicates the 'end of stream';

2> XFor the JC (join confirm) and TC (tree join confirm) packets, the F = 1 indicates thgt the
corresponding join request is accepted. F is set to '0' for the rejection case;

.
>

3) For the ND packet, F'= 1 indicates the connection pause period. For the other cases, it is set to '

#4y—Forthe ER packet; F15—sct—to—+for theuser-imvokedteave (see—8:-7-1);, or setto—0—for the
troublemaker ejection (see 8.7.2);

5) For the CT packet, F'is set to '1' for an abnormal termination, or set to '0' for the normal termination
after all the data have been transmitted (see 8.9); and

6) For the other packets, this field is ignored.

1)  Reserved — Is reserved for future use.

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 be filled with
‘connection ID', which is used for identifying an ECTP connection over UDP in a host. Whether ECTP operates over IP
or UDP, the fixed header provides the information commonly used in the ECTP protocol operations.

ITU-T Rec. X.606 (10/2001) 17
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9.2 Extension elements

The header part contains the fixed header and one or more extension elements. All the header components have the next
element field pointing to next components. Since an extension element also has the next element field, the header part
can chain multiple extension elements.

According to the extension element type, its next element field is encoded as shown in Table 2. The next element field of
the last extension element MUST be '0000".

Table 2 — Encoding Table of the Extension Elements

Element Encoding
Connection Information 0001
Acknowledgment 0010
Tree Membership 0011
Timestamp 0100
No element 0000

Each|element has its own version value which starts at 'l". If there is a need to define)additional or different use jof an
elem¢nt in the future, the corresponding version number of the element will be incféased by '1'. On the other hanf, the
versipn of the fixed header represents the current version of the ECTP protocol\The version of ECTP described ih this
Specification is 'l".

9.2.1 Connection information

This fextension element contains information on the multicast transport connection. The element structure is shoywn in
Figute 12, which has the byte length of '8":

0 8 16 24 31
. Tree Config. Maximun Maximum Children
Next Element Version Flags Option Tree Level Number
Connection Creation Tinfe ACK Bitmap Size Reserved

Figure 12 — Connection Information Element

The following parameters are specified:
a) Next'Element — Indicates the type of the next element immediately following this element;
b) <Fersion — Defines the version of this element usage. It is set to '1' at present;

¢)' Flags — Consists of the following fields:

Reserved CT

1) Connection Type (CT) — Specifies which type of connection is being established as follows:
01 — Simplex multicast connection;
The others are reserved for further extension.

2) Reserved — Is not defined yet, and reserved for future usage.
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9.2.2
The 2

The f

d) Tree Configuration Option (in 4 bits) — Specifies the tree configuration option used in the connection. The
current version of this Specification provides the following options (see 8.2.2):

1) 0001 —Level 1 configuration;
2) 0010 — Level 2 configuration;
3) 0011 — General configuration with more than two levels.

e) Maximum Tree Level (MTL) — Specifies the maximum number of tree levels for the control tree. Values
ranging from 'l' to '15' are employed. The value '0' indicates that the maximum tree level for the control
tree is not restricted;

f)  Maximum Children Number (MCN) — Specifies the maximum number of children nodes which a parent
can keep on the control tree (see 10.2);

g) Connection Creation Time (CCT) — Specifies a timer to limit the connection creation in units pf 10
milliseconds. If this timer expires, TO completes the connection creation even if some of its childtefy have
not responded with CC packets. This timer is also used as a basis for an LO to calculate its Free Crdation
Time (see 8.2.2);

h) ACK Bitmap Size — Specifies the size of the bitmap in the acknowledgement element{in units of word.
This value is not subject to negotiation, and thus all the receiver nodes MUST configure the bitmap field
in the acknowledgement element, based on the advertised ACK Bitmap SizeyThe default value fs 'l',
which means that each receiver can contain the information on the receiving status for 32 packets;

1)  Reserved —Is not defined yet, and reserved for future usage.

Tree membership

0-byte tree membership element contains the information on the local group; as illustrated in Figure 13.

0 8 16 24 31
Next Element Version Child ID Active Receiver Number
Current Children Number Current Flags Local RTT
Tree Level
Sender Port Multicast Data Port
Sender IP Address
Multicast Data IP Address

Figure 13 — Tree Membership Element

pbllowing fields are speeified:

a) Next Element— Indicates the type of the next element immediately following this element;

b) Version~ Defines the version of this element usage. It is set to '1' at present;

¢) Child ID — Specifies the ID number of a child, which is assigned by its parent in the tree configuratioh;

d) SActive Receiver Number (ARN) — Is the number of active descendants. Each LE sets the ARN to 'l], and
the parent LO aggregates ARN values for its children;

e) Current Children Number (CCN) — Is the number of active children for an L.O. Each LE sets CCN to[0'";

f)  Current Tree Level (CTL) — Specifies the current tree level. TO is in the level 0, and its children are in the
level 1. The CTL value is increased by 'l' as the tree grows;

g) Flags — Consists of the following fields:

3 2 1 0

Reserved L

1) L —1Is abit flag indicating that the receiver is an LO (1) or LE (0). TO is an LO;

2) Reserved — Is not defined yet, and reserved for future usage.
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9.2.3

h) Local RTT — Represents the round trip time for a local group in units of 10 milliseconds (see 8.4.5);
i)  Sender Port — Represents the port number of the ECTP sender (TO);

J)  Multicast Data Port — Represents the port number of the multicast data channel;

k) Sender IP Address — Represents the IPv4 address of the ECTP sender (TO);

1)  Multicast Data Address — Represents the [Pv4 address of the multicast data channel.

Acknowledgment

This element provides the information on error, flow and congestion controls. The element structure is depicted in
Figure 14, which consists of the fixed 8 bytes and the variable-sized Bitmap that depends on ACK Bitmap Size

(see 9.2.1).
0 8 16 24 31
Next Element Version Valid Bitmap Reserved
Lowest Sequence ~ Number
_|\7 Bitmap
Figure 14 — Acknowledgment Element
The fpollowing parameters are specified:

9.24

The ]
repre
32 bi
32 bi
bit is
The S

a) Next Element — Indicates the type of the next element immediately following this element;
b) Version — Defines the version of this element usage. Itis'set to '1' at present;

¢) Valid Bitmap Length — Represents the length of the valid bitmap;

d) Reserved — Is reserved for future usage;

e) Lowest Sequence Number (LSN) — Is thecsequence number of the lowest numbered data packet n
received;

f)  Bitmap — Represents which data packets have been lost. It contains Valid Bitmap Length bits, st
from the LSN sequence number. The invalid bits in the Bitmap are set to '0'".

Timestamp

sented as a 64-bit unsigned fixed-point number. The integer part is in the first 32 bits and the fraction part in th
s. If the NTP system is not used, ECTP uses the timestamp calculation algorithm of TCP. In this case, only th
s for the integer part will-be valid. A flag bit is employed to indicate which timestamp mechanism is used. Th|
set to '0' for use of FCPywhile it is set to '1' for use of NTP.

tructure of the timestamp element is depicted in Figure 15.
0 8 16 24 31
Wext Element Version Reserved F

t yet

hrting

Network Timestamp Protocol (INTFP) is used for specifying timestamps (see IETF RFC 1119). NTP timestamps are

e last
b first
e flag

Fimestann.
T+ St

Figure 15 — Timestamp Element

The following fields are specified:

20

a) Next Element — Indicates the next element type immediately following this timestamp element;
b) Version — Defines the version of this element usage. It is set to '1' at present;

c) F—Issetto'0" for use of the TCP timestamp mechanism, while it is set to '1' for use of NTP;
d) Reserved —Is not defined yet, and reserved for future usage; and

e) Timestamp (in 8 bytes) — Contains the timestamp value.
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9.3 Packet structure

The encoding value and extension elements for each packet are shown in Table 3. Those extension elements are attached
to the fixed header in the order of the connection information, tree membership, acknowledgement, and timestamp
elements, if any.

Table 3 — Encoding and Extension Elements for ECTP Packets

Packet Encoding Extension Element Data
Type Connection Tree Acknowledgement | Timestamp
Information Membership
CR 0000 0001 (0]
CC 0000 0010 (0]
TJ 0000 0011
TC 0000 0100 o*
DT 0000 0101 O
ND 0000 0110
RD 0000 0111 ¢
ACK 0000 1000 (0] O (0]
HB 0000 1001 (0] o
JR 0000 1010
IC 0000 1011 o*
LR 0000 1100
CT 0000 1101
NOTE - In the table, O* means that the elementis attached only if the corresponding request is accepted.
Note|that this table provides just a guideline for the packet structure. In the future, as the protocol version grows, the
mappling of the extension elements fo'the packet type is subject to change.
9.3.1 Creation request (CR)
TO c¢reates an ECTP connection by sending a CR packet to all the receivers over the multicast data address. The CR
packgt format is as follows:
CR =Fixed header + Connection Information element.
In th¢ fixed-header, the next element is encoded as '0001' to indicate the connection information element. The facket
type 1s sét\to '0000 0001'. The destination port represents the group port number for multicast data transmission to gll the
receiyers Again, in the enrolment phase, this port number MUST be announced to all the receivers (see 7.3.2) The

source port is a local port number of TO for the connection, which will be used as the destination port number for unicast
transmission by the children of TO or the late joiners. The sequence number is set to ISN that is assigned by the TO
(see 8.3.2). This lets each receiver know the sequence number of the first DT packet that will be transmitted. The
payload length is set to 8 (bytes) for the connection information element. The F bit is ignored.

In the connection information element, TO must specify all the fields with inputs from the application user, or with the
default values.

9.3.2 Creation confirm (CC)
In response to the CR packet, each receiver sends a CC packet to its parent by unicast. The CC packet format is:

CC = Fixed header + Tree Membership elements.
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