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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

establish
technica
and non
technolo

Internatiq
The mai
Standard

an Intern

Attention
rights. IS

ISO/IEC

Subcominittee SC 6, Telecommunications and information exchange{between systems, in collaboration with

ITU-T.T

ISO/IEC
commun

—  Part

—  Part

—  Part

—  Part

ed Dby the respective organization to deal with particular fields of technical activity. SO and lE
committees collaborate in fields of mutual interest. Other international organizations, governmental
governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation
gy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,\Part 2.
h task of the joint technical committee is to prepare International Standards. ‘Draft International
s adopted by the joint technical committee are circulated to national bodies for.voting. Publication as
ational Standard 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 documentimay be the subject of patent
O and IEC shall not be held responsible for identifying any or all such-patent rights.

14476-3 was prepared by Joint Technical Committee ISO/NEC JTC 1, Information technology,
ne identical text is published as ITU-T Rec. X.607 (02/200%).

14476 consists of the following parts, under the general title Information technology — Enhanced
fcations transport protocol.

1: Specification of simplex multicast transport
2: Specification of QoS management for-simplex multicast transport
3: Specification of duplex multicasttransport

5: Specification of N-plex_multicast transport

© ISO/IEC 2008 — All rights reserved
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Introduction

:2008(E)

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 |Pv4/IPv6 networks that have the IP multicast forwarding capability with the help of
IGMP and IP multicast routing protocols. ECTP could possibly be provisioned over UDP.

specification (ITU-T Rec. X.607.1 | ISO/IEC 14476-4).

ill be designated among the TS-users before the connection begins. In the duplex multicasticonnection, the

fransport from TS-users to TC-Owner. After the connection is created, TC-Owner can transmit multicast d

n ECTP, TC-Owner is at the heart of multicast group communications. 1t(is \responsible for overal ¢

bnd | eave operations.

asingle multicast sender) transmits the data information to al theether TS-users, and some of the TS-usersr
the multicast sender with the unicast feedback data. Basically, the ‘duplex multicast transport will be well sui

bducation, Internet broadcasting, etc). For example, in a remote education application, the multicast sender

ecturer with the unicast data like questions for confirmation.

banel conferencing) in which afew of TS-userswant to send multicast data to the group. In this scenario, the

eceived unicast data to the group by multicast. For example, in the panel conferencing, some of the TS-user
hs a panel and transmit multicast datavia TC-Owner (the conference convener) to the listener group. The detai
the duplex multicast connection depénds on the applications of this duplex multicast transport protocol.

ons. This

y—control in

bnnection

isers. The procedures for QoS management of the duplex case will be defined in the duplex QaS:mahagement

n the duplex multicast connection, the participants are classified into one TC-Owner and many~T S-users. TIC-Owner

WO types

Df data transports are supported: multicast data transport from TC-Owner to all the other)TS-users and unicast data

bta to the

jroup, whereas each TS-user is allowed to send unicast datato TC-Owner just after i’gets a token from the TG-Owner.

bnnection

Mmanagement by governing the connection creation and termination, connectién-pause and resumption and the late join

he duplex multicast connection specified in ECTP-3 is targeted to the'multicast applications in which the TIC-Owner

bspond to
ed to the

bne-to-many multicast applications that need the unicast¢féedback channels from some TS-users (eg|, remote

lecturer)

fransmits the data such as voice, text and image to the stident group, whereas some of the students may respand to the

tis noted that this duplex multicast connection can aso be used for the 'some-to-many' multicast applications (e.g., a

multicast

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

5 may act
ed 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

This
whid

This
conr
trang
TS
TC-(

This

Scope

Recommendation | International Standard specifies the Enhanced Communications Transport Protocoly (EC
h is atransport protocol to support Internet multicast applications over the multicast-capable | P networks.

Recommendation | International Standard specifies the ECTP part 3 (ECTP-3) for the duplex multicast tran
ection in which the participants are classified into one TC-Owner and many TS-users. The duplex mul
port connection supports two kinds of data transport: the multicast data transport from T.C-owner to al the
sers and the unicast data transport from TS-users to TC-Owner. A TS-user is allowed to send unicast da
Dwner, only if it gets atoken from TC-Owner.

Specification describes the protocol for supporting the duplex multicast transport,' which includes the conne

manggement (establishment, termination, pause, resumption, user join and leave)-and the reliability control mechar

for t
TC(
as g

2

The
cong
Werg
Recq
editi
valid
valid

ne multicast and unicast data transport. In particular, the protocol operations for the multicast data transport
Dwner to the TS-users will be designed with the congruency of the simplex multicast transport protocol (ECT]
ecified in ITU-T Rec. X.606 | ISO/IEC 14476-1.

Nor mative references

following Recommendations and International Standards'contain provisions which, through reference in thig
itute provisions of this Recommendation | International Standard. At the time of publication, the editions indi
valid. All Recommendations and Standards are subject to revision, and parties to agreements based or]
mmendation | International Standard are encouraged to investigate the possibility of applying the most r

bn of the Recommendations and Standards listed below. Members of IEC and 1SO maintain registers of curr
International Standards. The Telecommuinication Standardization Bureau of the ITU maintains alist of curr
ITU-T Recommendations.

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

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

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

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

— ~JTU-T Recommendation X.606.1 (2003) | ISO/IEC 14476-2:2003, Information technology — Enhg
communications transport protocol: Soecification of QoS management for simplex multicast transpd

LTP),

Sport
icast
Dbther
fa to

ction
isms
from
P-1),

text,
Cated

this
beent
ently
ently

roup

nced

inced

nced
rt.

3

Definitions

This Recommendation | International Standard is based on the following definitions, which were specified in Enhanced
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.

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

0)

d)

e

a)

b)

0

d)

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 local groups through the control
configuration in ECTP-3; and

LE (Leaf Entity):

Recommendation | International Standard also applies the following definitions:

SU (Sending TS-user):

Some of the ECTP-3 TS-users can send unicast data to the TO. A sending TS-user (SU)isaTS-u
gets atoken from TO. Only the SU is allowed to send unicast datato TO. In otherwords, before
unicast data, each user must request atoken to TO.

Token:

tree

i# can

who
ding

It represents the right for a TS-user to transmit data. The TS-user whohas atoken iscaled a Sending TS

user (SU). The tokens are managed by TO.
Forward data channel:

It represents the multicast data channel from TO to the groupdnembers. TO sends multicast datato g
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
unicast datato TO over | P unicast address.

4 Abbreviations
For {he purposes of this Recommendation | International Standard, the following abbreviations apply, which inc
the ECTP-3 packets:
ACK Acknowledgment
cC Connection€reation Confirm
CR ConnectionCreation Request
CT Canhection Termination Request
DT Data
HB Heartbeat
HBACK Heartbeat Acknowledgment
JC Late Join Confirm
JR Late Join Request
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)

| the

send

udes
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TJ Tree Join Request

TO Top Owner

TRC Token Return Confirm
TRR Token Return Request
TS Transport Services
Conventions

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).

The
mulf
the h

UDR.

This
dupl
the [
supp
othe
(SU

Figu

figue, TO can transmit multicast data to the other TS-users over |P multicast (group) address. Some SUs may

unic

Overview

cast applications. ECTP operates over 1Pv4/IPv6 networks that have the IP multicast forwarding capability
elp of IGMP and |P multicast routing protocols, as shown in Figure 1. ECTP could possibly be provisioned

Internet multicast applications

Enhanced communications transport protocol
| UDP
IP (Unicast/Multicast)

Figure1-ECTP meodel

Recommendation | International Standard describesthe protocol specification of the ECTP Part 3 (ECTP-3) f
bx multicast connection. The duplex multicast connection is used for supporting multicast data transport b
articipants that are classified into a single TC-Owner (TO) and the other TS-users. A duplex multicast conn
prts the two types of data channels between the participants. multicast data channel (sent by TO toward
group members) and unicast data channel (sent by a TS-user to TO). Such a TS-user is called Sending TS
inthe ECTP-3.

hst datato TO. The SU must.first get atoken from the TO before sending the unicast data.

Backward (unicast) 7 “ Backward (unicast)
data channel ,"' %, data channel

Enhanced Communications Transport Protocol (ECTP) is a transport protocol designed” to support Internet

with
over

r the
een
ion

| the

-user

re 2 illustrates these two types-efidata transport channels used in the duplex multicast connection. As shown in the

send

Forward
(multicast)
data channel

A 4

X.607(07)_F02

Figure2 —Datatransport in ECTP-3

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

Somg of the prospective TS-users may join the connection as late-joiners. The late-joining TS-user participates-ip the
connection by sending a Late Join Request (JR) message to TO. In response to the JR message, TO sends'a L atq Join
Conflirm (JC) message to the TS-user. The late-joiner TS-user will aso join the control tree by using'the TJ and
TC messages. For this purpose, the JC message of TO may include the information about the prospective parent
ode for the late-joiner. The late-joining TS-user may try to connect to the prospective LO node so as to confjgure

the connection is established, the data transmission phase starts. ECTP-3 protocol supports two types of| data
els. the forward multicast channel from TO to the group and the backward unicast’channel from the TS-uger to
TO. [ECTP-3 provides the reliable data transport with error recovery, in which alkthe Data (DT) packets will be

In the forward multicast data transmission, TO can begin the multicast data-fransmission to the group by using the
Iticast address and group port number. The multicast data packets sent-by TO will be sequentially segmentedl and
itted by DT packets to the receiving TS-users. The TS-usersiwill deliver the received DT packets tp the
-layer application in the order transmitted by TO.

by

timegtamp.

ID i$ used to identify-the sender of the unicast DT packets at the TO side. The TS-user who has a token is
Sending TS-user. (SU).

The BU can'send unicast DT packets to TO. For the error recovery and congestion control, the HB and HBACK packets
are gxchanged between SU and TO. The SU sends an HB message to TO. The TO then responds with the HBACK
packet-that contains the acknowledgement information, as done in ACK packets in the forward multicast channel| It is
noted that the HBATK 15 used Tor retransmission request 1n 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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7 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 T$-user can become TO, LO or LE, depending on itsrole.
TO (Top Owner):

A duplex multicast connection has a single TO, which corresponds to the TC-Owner, The TO is resporjsible
for the overall operations required for connection management including connection,création and termingtion,
control tree creation, late join, and connection maintenance. TO is aso a single sender of the forward
multicast data channel. Only the TO is alowed for sending the original  mdlticast data to the pther
participants.

LO (Loca Owner):

In the duplex multicast connection, an LO is a TS-user who is responsible for error recovery to the loca 1rsoup
by retransmission of data. On the control tree hierarchy of ECFP-3, an LO is a parent node and has its
children nodes. Note that an LO isalso a TS-user. That is, an lfO)also receives multicast data from the TP. In
ECTP-3, a TS-user may act as an LO in the connection, or some designated LOs may be used for thelerror
recovery in the connection. It depends on the deployment. of ECTP-3.

LE (Leaf Entity):

In the duplex multicast connection, an LE representsaleaf node on the control tree. Each LE isa TS-usef that
receives the multicast data from the TO.

A T$-user can become SU when it obtains atoken from TC-Owner.
SU (Sending TS-user):

An SU isa TS-user who can sendunicast data to TO. In the duplex multicast connection, a TS-user becpmes
an SU when it has atoken and jt ‘ean thus transmit unicast datato TO.

7.2 Control tree

A dyplex multicast connection'may configure a control tree for scalable reliability control as shown in Figure 3:
@ Tree level 0

Tree level 1

@ LO @ LO @ @ Tree level 2
ONCIENCICICIE—
X.607(07)_F03

Figure3—Control treein ECTP-3

ITU-T Rec. X.607 (02/2007) 5
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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
InE

Data channels

TP-3 the two types of data channels are used- forward and backward data channels

7.3.]

Forward data channel

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

The forward data channel address consists of the group (multicast) |P address and the group port.. TO sends mul
datajvia DT packets by using the forward data channel address. TO and LOs can also retransmit’multicast data vi
packEts by using the forward data channel address.

Figure 4 illustrates the use of the forward multicast data channelsin ECTP-3.

7.3.4
The

Figure 4 — Foriward data channelsand control treein ECTP-3

Backward data channel
backward data channel is tsed by a Sending TS-user (SU) to send unicast data to TO. The backward ch

address consists of the | P address of TO and the 'group’ port.

Figure 5 illustrates the use of the backward unicast data channelsin ECTP-3.

data

icast
h RD

BNnel

6

Figure5— Backward data channelsin ECTP-3

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 data from
any SU in the connection.

7.4

Addressing

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

741
The

The
ex
IPp

The

the Source address for the multicast packets.

Itis photed that the group | P address and the local |P address of TO must be announced to @l the prospective partici
via gn out-of-band signalling such as Web announcement.

7.4.3
The

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

The group port number is also used by SU to send unicast data’to TO. That is, TO will bind to the local port wi

local
desti
Ont
sour

resppnd with the Late Join Confirm (JC) messagethat use the local port of the TS-user as the destination port.

The

7.4.3
In E

-0,
the Unicast IP address for each of the ECTP participants: TO, LOs and LEs.

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

Group and local 1P addresses

roup

roup IP address is used as the destination address of the packets that need to be multicast by TO .and 'L Of

sents

For

ple, the CR and DT packets of TO will use the group IP address as the destination address of ‘the assodiated

kets. Each LO also uses the group | P address as the destination address of the RD and HB packets.

ocal IP address of each participant is used as the source and destination | P address for the uhiCast packets, ang

Group and local ports

group port represents the port number that has been announced to/all of the ECTP-3 participants befor

IP address so as to receive the unicast data from any SU. In particular, the group port is aso used a
ation port of the packet that requests a certain action,'such as Late Join.

ne other hand, in the other cases that are not described above, the ECTP-3 packet will use the local port numi]
be and/or destination ports. For example, in‘response to the Late Join Request (JR) from a TS-user, the TQ

Hetailed use of the local | P address and port is specified below for each of the ECTP-3 packets.

Addresses of data channels
CTP-3, al the data packets(usethe group port number as the destination port. Accordingly, before the conng

aso

Dants

P the

Ckets
SO as

h its
5 the

er as
will

ction

creation, the following information must be announced to all of the ECTP-3 participants via an out-of-band signalling

such

Figu
data
back]

as Web announcement:
a) group IRaddress and group port;
b) localdP address of TO.
re 6 describes the use of IP address and port for the forward and backward data channels. The forward mul

packets Use the group IP address and port number as the destination address of the data packets, whereg
ward, data packets use the local |P address of TO and the group port number as the destination address.

icast
5 the

Nl oAl Lien Af tha ap ey s oAl T anal oAl fortha aoth nacketcaanll bha pfiodl oty

The

GetaHeeHSe-ot LllCUlUulJullulu\.,ul DOEFESSESTOrtRe-Othe! lJ(A.a[\ClQV\IIII DT SPCCmCOTarCI=
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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

1.5

In E
TS

Each
assig
IDo

Figure 6 — Data channel addressing in ECTP-3

Tokens

CTP-3, atoken represents the right for a TS-user to send a unicast data to TO. Before transmitting the data,
ser must get atoken from the TO, as per the Token Control procedures of ECTP-3.

ned by TO when a TS-user requests a token in the connection. Token ID is ranged between 1 and 255. The T|
'0"isreserved for use of TO. At the TO side, the Token ID can be used to identify"\who is sending the unicast

each

token is represented as a 1-byte non-negative integer in ECTP-3. Such a token number (or Token ID) will be

oken
Hata.

8 Packets
An HCTP packet contains a 16-byte base header together with either extension elements or user data. It is noted th#t the
datajpackets do not include any extension elements. The ECTP-3 packétformat isillustrated in Figure 7:
bytes 0 1516 PL-1
Base header Extension elements or user data
PL Packet Length
Figure<7 — ECTP-3 packet format
8.1 Base header
The [16-byte base header contains.the information helpful to all the protocol operations, in particular for the| data
packets. Figure 8 shows the structure of the base header, when ECTP operates over IP.
0 1 2 3
O 2 3 466 7 0 1 2 3 45 6 7 01 2 3 45 6 7 01 2 3 45 6§ 7
Next element ‘Version‘ CT | Packet type Checksum

Source port Destination port

Packet sequence number (PSN)

D.qylnsri Inngth ! E ! Reserved | Token|D

Figure 8 — Base header (ECTP over IP)

The base header contains the following information:

8

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 FCTP-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 will-be.described
later.
e) Checksum (16 bits)
This is used to check the validity of the ECTP-3 packet that includes the base header, extension hgader
and/or user data. The ECTP-3 checksum is calculated by using the conventional one's complgment
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 receivingZapplications for the case of EQTP-3
over IP. When ECTP-3 operates over UDP, these fields are used to represent the connection identifigr, as
described later.
g) PSN (32 bits)
This value represents the sequence number of the data packet for the ECTP-3 DT or RD packetd For
some control packets such as ND or HB packets,-this value has a different semantic, which willl be
described later. For the other control packets, it s ignored. This sequence number is a 32-bit unsijgned
number that starts with the initial sequence number and increases by '1', and wraps back around fo '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 thisflag depends on the packet types:
1) For the JC (LaterJoin 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 is accgpted.
F is set to0, otherwise;
2) For the LR (User Leave Request) packet, F is set to '1' for the user-invoked leave, or set to '0' f@r the
troublemaker g ection;
3) _<For'the CT (Connection Termination Request) packet, F is set to '1' for an abnormal terminatign, or
Set to '0' for the normal termination, after all the data have been transmitted.
For the other packets, the detailed description is given in the protocol procedure clause. Otherwise, if any
usage is not specified, thisfield will beignored.
1) Reserved (7 hits)
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.

ITU-T Rec. X.607 (02/2007) 9
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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 used-to’verify the
conrection. In the connection setup phase, this information must first be informed by TO to the other participants via
the @R or JC packets. All the other ECTP-3 packets must set this field to be the value announced by T©O.
8.2 Extension elements
The ECTP packets used for control may contain one or more extension elements al ong with the base header. The based
header and each extension element have the field of 'Next element’ that points to theimmediately succeeding extehsion
element, if any.
The Next element field is encoded as shown in Table 1. It is noted that the '0000" means 'No element'. Accordingly, the
last ¢xtension element of an ECTP packet must set its Next element field to“0000'".
Table1— Extension elements
Encoding value in-ext element L enath of extension element
Extension element of the preceding element g (bytes)
(4bits) y

No glement 0000 0

Cornection 0001 4

Aclnowledgment 0010 Varied

Membership 0011 4

Timestamp 0100 12

Address 0110 8or 20
It is|noted that all the extension elements other than 'Address element have already been defined in ECTP-1 and
ECTP-2. Accordingly, the encoding values of those extension elements will be reused in ECTP-3. It is noted that the
encoding value of '01017%i5 reserved for the QoS extension element, which is not used in ECTP-3, and may be defined
for the QoS management in ECTP-4.
All the extensionyelements described in the table will be defined in this subclause by encompassing the requirements for
the ECTP-3+protocol.
821 €onnection 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

3

0 12 3 456 7 012 3 456 7012 3 456 7 012 3 456 7

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

10

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

8.2.9

This
refen
packi

This

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 parent on

the control tree.
2) 0l-Leve 2 configuration:

toan LO or directly to TO. The LEs are al connectéd to TO on the tree:
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.
¢) R (Reserved): (2 hits)
Reserved for future use.
d) AGN (ACK Generation Number): (8 bits)

Thisis apositive integer ranged from 1 to 255 that represents the ACK-Generation Number. The A(
used to generate and transmit an ACK packet by a child user in the' EETP-3 protocol.

e) MSS(16 hits)
This specifies the maximum size of the user data segmentthat can be contained in an ECTP-3 DT p
'1024'.

Acknowledgement element

Fed to by the parent node for the error, flow and congestion control. This extension header is attached to the
et It isencoded as'0010" in the Next element field'of the preceding element or based header.

element consists of the fixed 4-bytes and thevariable size of ACK Bitmap, as depicted in Figure 11.

0 1 2
0 12 3 456 7 0 1v2 3 456 7 012 3 456 7 012 3 456 1

ected

EN i

bcket

in byte. An ECTP-3 DT packet can maximally contain+65535' bytes of user data. The default value is

extension element provides information on the status of the packet reception at the child node, which will be

ACK

Next element | Bitmap length Valid bitmap length Reserved

ACK bitmap

Figure 11 — Acknowledgement extension element

Each

field ieclnpr‘ifit:d asfollows:

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 hits)

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

€) ACK bitmap (variable)

edin

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 Bi
contains the total bitmap information of the size of Valid Bitmap Length.

tmap

The total length of the ACK B|tmap part is represented by B|tmap Length in word Accordmgly, the paddmg of '0's may

As an example of the use of ACK Bitmap, let us assume that LSN = 100, Valid Bitmap Length = 8, and AGK Bit =
01110111. This Bitmap implies that the receiver has lost the data packets with the packet sequence number‘of 100 and
104,]and it received all the data packets with the sequence number of smaller than 100. In this case, Bitmap Lengthlis of
'1" anpd al of the last 24 bits of ACK Bitmap will be padded with '0's. It is noted that the first bit 0f\ACK Bitmap [must
awgysbesetto'0'.
8.2.3 M ember ship element
This|4-byte extension element contains information on the tree membership, asillustrated in Figure 12. It is encoded as
'0011" in the Next element field of the preceding element or based header.
0 1 2 3
o1 2 3 45 6 7 012 3 45 6 7 01284 5 6 7 01 2 3 45 6§ 7
Next element ‘ Treelevel | Child ID ‘ Active descendant number
Figure 12 — Member ship.extension element
Each field is specified as follows:
a) Next element (4 bits)
b) Treelevel (4 bits)
This specifiesthe tree level of the sender of this packet on the ECTP-3 control tree. TO will bein the tree
level '0', and its childrenare in the tree level '1'. The Tree level value will be increased by '1' as th¢ tree
grows gradually.
¢) ChildID (8 bits)
Thisis aneh<hegative integer that specifiesthe ID number of achild node. In the tree creation phasd, this
Child ID“will be assigned to each of the children by the parent. Child ID is used to determine when to
send.anACK packet to its parent, which will be described later. An ACK packet of a child node contains
itsi€hild ID, which can be used for the error recovery by the parent. The value of '0' is used to indicate
that this field must be ignored.
d),- 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
tC Ill anC It hm nU L’hlld ThC P(JICIII. LC VVI” %HI Cyatc a” Gf the I"\\D:\‘ll ‘v'aluco f\.ll ;LQ \.’hlldlel.ﬂl :II thls

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

ECT

12

P-3 uses the 8-byte timestamp so as to calculate Round Trip Time (RTT).
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The 12-byte timestamp extension element is formatted as shown in Figure 13:

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

0 1 2

3

Next element ‘ Reserved

Timestamp (second)

Timestamp (microsecond)

Figure 13 — Timestamp extension element

Each

8.2.9

The
This
cong

IP address of the LO that the late-joining user may connect.

The

field is specified asfollows:
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 second, anfd the

second 4-byte does in microsecond, as done in the conventional ping program.

Address element

A ddress extension element is encoded as '0110' in the Next Element field of thepreceding element or based hgader.
element is attached to the packet when the protocol needs to specify the{Pv4 or IPv6 address of the partigpant
erned. For example, the JC packet of TO may include this element so’ as to inform a late-joining user abodt the

Element length is 8 or 20 bytes, depending on the IP version. Thiselement is formatted as shown in Figure 14.

0 T 2 B
0O 1 2 3 45 6 7 012 3 4567012 3 456 7 012 3 456 1}
Next element | IPversion Reserved

IPv4 (4 bytes) or IPv6 (16 bytes) address

Each

Figure 14 — Address extension element

field is specified asfelows:
a) Next element (4 bits);
b) IPtwversion (4 bits):

Jhis field indicates the version of the IP address contained in this element. At present, the follgwing

values are available: IPv4 (0100) and | Pv6 (0110).

C¢) Reserved (24 bits);

8.3

d) [P address (32 or 128 hits): Thisfield indicates the IPv4 or |Pv6 address of the participant concerned.

Packet for mat

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.

ITU-T Rec. X.607 (02/2007)
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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
RSSO D RO |\/|II|.1'ir‘;Id‘ Parent Children

Unicast SU TO

Acknowledgement ACK Unicast Child Parent
Hedrtbeat HB Multicast Pat riidren
Hegrtbeat Acknowledgement HBACK Unicast Child/TO Parent/SY)
Latg Join Request JR Unicast TS-user TO
Late Join Confirm JC Unicast TO TS-user
Usdr Leave Request LR Unicast Parent/Child Child/Parent
Cornnection Termination Request CT Multicast TO TS-user
Tolen Get Request TGR Unicast SU/TO TO/SU
ToKen Get Confirm TGC Unicast TO/SU SU/TO
ToKen Return Request TRR Unicast TS-user/TO TO/TS-user
ToKen Return Confirm TRC Unicast TO/TS-user TS-user/TIO

In the table, the parent node represents TO or LO, and the packets tsed for token control can be initiated by SU agwell
as T|O. As aso shown in the table, al of the ECTP-3ypackets are exchanged between the participants in the
regqugst-and-confirm manner. For example, the CR requestiexpects to receive the corresponding CC confirm message.
The ACK messages will be used to confirm the DT andRD messages. On the other hand, LR and CT messages dp not

regufre any 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

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

Table 3—-Format of ECTP-3 packets

Packet Encoding Extension elements or user data Length Operationa
type value (packet structure) (bytes) protocol stage
CR 0000 0001 Connection 20 Connection
cc 00090010 16 Creation
TJ 00000011 16 Control Treg
TC 0000 0100 Membership + Address 20+ Creation
DT 0000 0101 User Data 16+
ND 0000 0110 16 Data Transpqrt
(Forward anfl
RO oannn-n0111 Llcar Nata 164 B " n
NS Attt i Backwara)
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
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Table 3—Format of ECTP-3 packets

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 th
or ug
hand

8.3.1

The
the f

The
as s

The

o H= D 2. D A » R

e packet length of the table, '+' means that the packet size may get larger by adding the specified aptional elg
er data. It is noted in the table that the ND packet is used only for the forward multicast data transport. On the
, the following encoding values are reserved for future use: '0000 0000', ‘0000 1111' and '0001.0000'.

Connection creation request (CR)

CR packet is used by TO so as to create a duplex multicast connection. TO sends the' CR packet to the group
bllowing source and destination addresses:

e SourcelP: IP address of TO.

e Source port: Local port number of TO.

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

ength of the CR packet is 20 bytes (16-byte base header + 4-byte Connection element). The CR packet is form
own in Figure 15:

bytes 0 1546 19

Base headex, Connection

Figure 15— CR packet

16-byte base header of CR packet must be encoded as follows:

a) Next element: '0001' (Connection element).

b) Version: ;0\ (Current version of ECTP-3).

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

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

€) «Checksum: To be calculated.

f)  Source port: Local port number of TO (or Connection ID).

tension elements) indicate that the use of the corresponding extension elémeg

ment
bther

with

atted

q) 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").

ITU-T Rec. X.607 (02/2007)
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The 4-byte Connection element must be encoded as follows:
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).

8.3.2 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: IPaddress of TS-user.

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

e Destination port: Group port number.

The [CC packet contains the 16-byte base header only. The base header of CC packet must be encoeded as follows:
a) 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.

€) Sourceport: Local port number of TS-user (or Connection D).

f)  Destination port: Group port number (or Connection I1D)-

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

8.3.3 Treejoin request (TJ)

The [T packet is used by TS-user to the prospective parent.node in order to join the control tree. The prospective parent
nodg may be TO itself, or indicated by TO (via the JC7packet). A TS-user sends the TJ packet to the parent (T|O or
an L) over the following source and destination addresses:

e SourcelP: IP address of TS-user.

e Source port: Local port numberef TS-user.

e Destination |P; |P address of-the parent node (TO or LO).
¢ Destination port: Grogp-port number.

The [rJ packet contains the 16-byite base header only. The base header of TJ packet must be encoded as follows:
a) Next element: ‘0000

b) CT:'10.

c) Packet'type: '0000 0011' (TJ).

d) Checksum: To be calculated.

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

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

A” t £ ol 4l +la a2 ol ol HI N vy lal ol Aot +lo H -l
ICTTTCIUS UTICT Tidi T SPCLUIMTTCU AUUVE WINT OT SCUTU U AU TyNuIrcU alr thic TeLCrvel Ut

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:

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:

The

All t
The

The
the
parel

In th

8.3.5

The
back

The

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

Figure 16 — TC packet

16-byte base header of TC packet must be encoded as follows:
a) Next element: '0011' (Membership element).
b) CT:'10.
c) Packet type: '0000 0100 (TC).
d) Checksum: To be calculated.
€) Source port: Group port (or Connection ID).
f)  Destination port: Local port of TS-user (or Connection ID).
g) Payload length: 4 or more (if the Address element is added).
h) F:'1l"if the TIrequest is accepted, 'O’ otherwise.
he fields other than specified above will be set to '0' and ignored at thereceiver side.

-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.

¢) ChildID: Isassigned by the parent node.

d) ADN: Setto'0" and ignored.

Nt node that the failed child node may retry-to connect to.

s case, the address element must be'encoded as follows:
a) Next element: ‘0000
b) 1P version: '0100(1Pv4) or '0110' (IPv6).
¢) |P address: {Paddress of the prospective parent LO.

Data (DT)

ward unicast, datato TO.

orward-multicast DT packets are sent to the TS-users over the following source and destination addresses:
¢  SourcelP: IPaddress of TO.

DT packet is uséd by TO to transmit the forward multicast data to the group members, or by SU to sen

pddress element may optionally be added tosthe membership element. This address element will be added ofly if
[J request is not accepted. In this case, the-address information represents the |P address of another prospg

ctive

i the

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 15 16 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-eterment—0006~

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

c) Packet type: '0000 0101' (DT).

d) Checksum: To be calculated.

€) Sourceport: 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 fram.nitial PSN.

h) Payload length: Indicates the length (in byte) of the user data contained.inthis packet.

i) F:'0' (tobeignored).

j)  TokenID: Token ID of the sender of this data packet ('O’ for TO,-0r. a positive number of SU).

834  Null data(ND)

The ND packet is used in the forward data channel by TO so as te, indicate the ECTP connection is still alive] The
receiving TS-users do not have to respond to this packet.

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

e Source port: Local port number of TO.

e Dedtination |P; Multicast |P address@f the group.

e Destination port: Group port humider.

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

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

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

¢) Checksum: Te)be calculated.

d) Sourceport: Loca 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 figldsother than specified above will be set to '0' and ignored at the receiver side.

8.3.71 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.

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

a)
b)
0
d)
S
f)
9)
h)
i)
)

The #i-byte membership element must be encoded asfollows:

a)
b)
0)
d)

The pcknowledgement elément must be encoded as follows:

a
b)
0)
d)

8.3 Hearthaat (HB)
0. Fealteat{+rr7

bytes—0 1516 1920 Pt

Base header Membership Acknowledgement

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.aumber 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.curfent tree level of the child node ('0' for TO).
Child ID: Child ID (afvinteger) that is assigned to the child; thisisignored for the backward channel

ADN: The number aof ‘active descendants of the child for the forward data channel; thisis ignored fqr the

backward channel:

Next element: '0000".
Bitrmap 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.

ACK bitmap: Represents the bitmap information about which DT packets are logt, starting from the

SN.

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

elem

The

ent (optional), as shown in Figure 19.

bytes 0 1516 1920 PL-1

Base header Membership Timestamp (optional)

Figure 19 — HB packet

ase header of the HB packet is formatted as follows:

All t
The

The

a) Next element: '0011' (Membership element).

b) CT:'10.

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

d) Checksum: To be calculated.

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

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

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

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

1-byte membership element must be encoded as follows:
a) Next element: '0000' or '0100' (if the Timestamp elementis Optionally added).
b) Treelevel: Representsthe 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.
d) ADN: Issetto'0" and ignored.
pptional 12-byte Timestamp element must be encaded as follows:
a) Next element: '0000".
b) Timestamp: 8-byte time value measured at the parent, which is used for caculation of local RTT.

8.3.

The HBACK packet is sent by the ehild node, in response to the HB packet of the parent. When a child receive
HB packet from the parent, if the.Child ID of the HB packet is equal to its Child ID, then the child should respond

the H
the

The
The

0 Heartbeat acknowledgement (HBACK)

IBACK packet. This packet\is'used to indicate that it is still alive. It can also be used to calculate the local RT]
arent.

HBACK packet is asprused in the backward data channel between SU and TO.

Child node sendsthe HBACK packet to its parent over the following source and destination addresses:
» Source |P: IP address of the child.
-\ Source port: Local port number of the child.
» Destination |P; |P address of the parent.

S the
with
T by

* DESTMAion port, Cocar port amoer of the parent.

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

20

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.
e) Sourceport: Local port number of the child (or Connection ID).
f)  Destination port: Local 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 #i-byte membership element must be encoded as follows:

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

b) Treelevel: Representsthe current tree level of the child.

c) Child ID: Child ID of the child.

d) ADN: The number of active descendants of the child.

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

The pptional 12-byte Timestamp element must be encoded as follows:

a) Next element: '0000'.

b) Timestamp: 8-byte time value that has been contained in the HB packet of the parent.

8311 Latejoinrequest (JR)

The IR packet is used by anew joining TS-user in order to join the ECTP connection. The new joiner TS-user send

JR ppcket to the TO over the following source and destination addresses:

e SourcelP: IP address of TS-user.

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

e Destination IP: |P address of the TO.

e Destination port: Group port number

The PR packet contains the 16-byte base headeranly. The base header of JR packet must be encoded as follows:
a) Next element: '0000'.

b) CT:'10.

c) Packet type: '0000.1010" (JR).

d) Checksum: Tobe calculated.

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

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

8312 Latejoin confirm (JC)

The JCpacket is used by TO, in response to the JR packet. The TO sends the JC packet to the new joiner ovd

following source and destination addresses:

s the

r the

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).

ITU-T Rec. X.607 (02/2007)
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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-etement—668+{Connection-etement):

b) CT:'10.

c) Packet type: '0000 1011 (JC).

d) Checksum: To be calculated.

€) Sourceport: Loca port of TO (or Connection ID).

f)  Destination port: Local port of TS-user (or Connection ID).

g) Payload length: 4 or more (if the Address element is added).

h)y F:'1l"if the LJR request is accepted, '0' otherwise.

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

The #i-byte Connection element must be encoded as follows:

a) Next element: '0000' or '0110' (if Address element is optionally added).
b) TCO: Asconfigured by TO.

¢) AGN: Asconfigured by TO.

d) MSS: Asconfigured by TO (the default value is*1024").

The pddress element may optionally be added to the Connegction element. This address element will be added only

f the

TO Wants to inform the new joiner TS-user about its promising parent LO node. In this case, the new joiner may {ry to

connject the parent node that is indicated by the addresS'element in the tree configuration.

In this case, the address element must be encodetl-as follows:

a) Next element: '0000".

b) 1P version: '0100' (IPv4) or.'0110' (IPv6).

¢) |Paddress: IP addressof the prospective parent LO.

8.3.13 User leaverequest-(L R)

The | R packet is used by-the child to indicate that it will leave the connection, or by the parent node to gject atro
making child. The L Rpacket does not need to require the corresponding confirm packet. This packet is sent by the

or parent over the following source and destination addresses:

e SourcelP: IPaddress of the child (user leave) or parent (troublemaker gjection).
 _<Source port: Local port number of the child or parent.

« ' Destination |P; |P address of the parent or child.

Doactinatioan nart: Sy pn nart gy Ay Ianal Ayt o poaih Ay AF thhn nlhild

Lible-
child

Py = o = 11
DIt PO OT Ot P PO iAot O ToCa PO T g it Ot o

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.

€) Sourceport: Local port of the TO (or Connection ID).

f)  Destination port: Group port (or Connection 1D).

g) F:'1 for an abnormal termination, or 'O’ for the normal termination (after<ompleting the multicas| data
transmission).

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

83.15 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 dalled
'Usel-initiated Token Get'. In this case, the TS-user can request a token to TO by sending a TGR packet. The TSuser
that has a token becomes an SU.

The [TGR packet is sent over the following source and destination addresses:
e SourcelP: IP address of TS-user.

e 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 base header only, which must be encoded as follows:
a) Next element: '0000,

b) CT:'10.

c) Packet type; ‘0001 0001' (TGR).

d) Checksum. 0 be calculated.

e) Soureeyport: Loca 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.

hY Payload length: '0".

i) TokenlID:|ssetto'0 andignored

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).

8347 Tokenreturnrequest (TRR)

The [TRR packet is used by a TS-user to return atoken to TO, which is called 'User-initiated Token Returfy. In this

the TS-user sends a TRR packet.

The [TRR packet is sent over the following source and destination addresses:
e SourcelP: IP address of TS-user.

e Source port: Local port of TS-user.

e 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 encaded as follows:
a) Next element: '0000".

b) CT:'10.

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

d) Checksum: To be calculated.

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

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

g) TokenID: Token D of SU.

All the fields other than specified above wil te'set to '0' and ignored at the receiver side.
8.3.18 Token return confirm (TRE)

The [TRC packet is sent by TOte_confirm the associated TRR request. The TRC packet is sent over the follg

sour¢e and destination addresses:

e SourcelP: IBaddress of TO.

e Sourceporf: Group port of TO.

e Destination IP; IP address of the SU.
e {Destination port: Local port of SU.

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

Case,

wing

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 dyplex multicast connection will begin when TO sends the first ECTP packet, CR, to the group over ¢he‘mulficast
group I P address and port. An ECTP-3 control treeis also configured in the connection creation phase.

The pverall 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 CcC
X.607(07)_F22
Figure 22 <(Connection Creation procedures
9.1.1 I nitiation of connection creatjon

TO tregi ns the connection creation operation by sending the CR packet to the group. The CR packet contains the gegneric
infomation on the connection element such as TCO (Tree Configuration Option), RO (Reliability Option), and|MSS
(Maximum Segment Sze).

Aftef sending the CR pagekel), TO starts the CCT (Connection Creation Timer). Only the CC packets will be allpwed
during the CCT timer.

Each TS-user shauldjoin the control tree before responding with a CC packet. In the connection creation phase,|each
user lcan join onty'the TO.

9.1.4 Control tree creation

To jpifrthe control tree, each TS-user sends a TJ packet to TO. TO then responds to the TS-user with the TC pgcket.
The TT packet should indicaie whether the tree join request 1S accepted or not by using the F Tlag 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

A pr

Figure 23 — Late Joining procedures

bmising TS user can join the connection viaanormal join (by sending a CC packet in responsetothe CR pack

a late-join (by sending a LJ packet to the TO). For this purpose, the promising TS-user may«try to perforn

late-
whid
The
joing
The
pro

TOI
joing
Whs
oper.

9.3

In th
deteq

oining operation after waiting for the CR packet from the TO for a pre-configured time, CWT (CR Waiting T
h may be configured by each promising TS-user locally.

bt) or
N the
me),

ate joining TS-user sends a JR packet to TO. In response to the JR packet, the TO'sends a JC packet to the late

r, which should indicate that the request is accepted or not by using the F flag of\the base header.

JC packet should contain the connection element. It may also contain the address element so as to recommen
ising parent LO for the TS-user (late-joiner). If no address element is indicated, the late-joiner may try to joi

the control tree configuration. If the JC packet does not arrive within‘the RXT (Retransmission Timeout), th
r may try to send the JR packet again.

0 the
the
late

h the TS-user receives the JC packet from the TO, it will joih'the control tree, as per the 'control tree cregtion’

itions described in the previous subclause.

Forward data transport

e ECTP-3 forward data channel, the TO sends multicast DT packets to the group. When a data packet |Id
fted by the receiving user, the retransmission:for error recovery will be performed within a local group t

defin
EC

ed by the control tree.

-3 provides the reliable data transport with the error recovery scheme, where all the DT packets will be reco

by the parent on the tree. Each child- requests the retransmission via ACK packet, and the parent send

corr

9.3.1
Afte

TOV
into
trans

Each
reass

onding RD packet over the muilticast address.

Multicast data transmission
the connection creation; the TO can send multicast DT packets to the group members.

Vill generate DT ackets by the segmentation procedure. To do this, TO splits a multicast data stream of applig
multiple DT packets. Each DT packet has its own sequence number. When TO has no data to transmit, TO|
mit the periodic ND packets in the connection pause period.

receiver delivers al the data packets received to the application in the order sent by TO. Each reg

lembles the received packets. Corrupted and lost packets are detected by using a checksum and sequence numb

SS is
a is

rered
5 the

ation
may

eiver
er. A

corrypted packet is also considered asaloss. The lost 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)

A
P HBACK
uer | |
v HB (child ID = 2) HB (child ID =2)
HBACK

X.607(07)_F24

Figure 24 — Tree maintenance using HB and UBACK packets

In ECTP-3, the exchange of HB and HBACK packets between aparent and children is done with the following two
purppses:

a) 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 packets|from
the parent during the time interval of FDN (Failure Detection Number) x Heartbeat Generation [Time
(HGT). Then the child begins to find-an alternate parent. The default FDN is 3.

A parent detects the failure of a.child, if it cannot hear any HBACK packets from the child for the FDN
consecutive HB packets. If ya child is detected as a failure, the parent sends an LR packet| (for
troublemaker gjection) to the failed child, and clears the child out of its children list.

b) Cdculation of local(RTT:

On the other hand,-the HB and HBACK can also be used to calculate the Round Trip Time (RTT) [for a
local group. A parent LO sends a HB packet containing a timestamp element to its children every HGT
interval. The-eorresponding child will also contain the timestamp element as it isin the HBACK packet.
Receiving.an HBACK packet from a child, the parent LO calculates the RTT by subtracting Timegamp
fromthe’current time. The RTT is recorded into the children list. The parent determines the Local [RTT
by'the maxim RTT value for its children.

It is hoted thatthese HB and HBACK packets are exchanged 'periodically' between a parent and children, which wjll be
implpmented-using the HGT timer. Accordingly, even if aHB or HBACK packet is lost, the subsequent HB or HBACK
packets will be used for the control tree maintenance. As deecnbed above if a chrld or parent cannot recerve any HB or

A that

the correspondent node far led 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.

ITU-T Rec. X.607 (02/2007) 27


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

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

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.

Tog
TGA
shou
mesy
arriv

TO

TGR

TS-user

TGC

o

X.807(07)_F25

9.4.4 Token return

Whe

Figu

In th

re 26 shows the operations for Token Return.

TO

TRR

Figure 25— Token Get procedure

TS-user

TRC

faar

X.607(07)_F26

Figure-26— Token Return procedures

e Token Return case, the SU sends a TRR message to TO. The TO then responds with the TRC message. |
resppnding TRC message has nat arrived until the RTO timer expires, the TRR message may be sent again.

Ft atoken in the Token Get operation, a TS-user sends a TGR message to TO, and then waits for the-correspoiding
message. In response to the TGR packet, the TO should send a TGC message to the TS-user) The TGC megsage
d indicate whether the request is accepted or not by using the F flag of the base header. Inicase of acceptanc

lage will also contain avalid Token ID and Initial PSN in the base header. If the responding TGC message hgs not

ed until the RTO timer expires, the TS-user may send the TGR message again.

. the

h completing data transmission, the SU may return the token to TO. The SU-¢an return its token to TO. In this
Token Return operation, the SU sends the TRR packet to TO.

f the

28
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9.5 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 T

DT HGT

HB

HBACK (data loss indication)

RD

X.607(07)_F27

Figure 27 — Backward unicast data transport procedures

In the backward unicast data channel, the initial sequence number (ISN)\6f SU is indicated in the PSN field df the
header of the TGR (in the Token Get case) or TGC (in the Token Givecase). The 1SN is randomly generated otherf than
‘0, as done in the forward data channel.

The PT packets transmitted by SU must indicate the Token ID that is allocated by TO.

9.6 Reliability control
9.6.1 Réliability control for forward data channdl

9.6.1.1 Error detection

The phecksum field of the base header is Used for detection of packet corruption, and the PSN field is for detection of a
packet loss. When a data packet is received, each receiver examines the checksum. If the checksum field is inval;inthe

packEt is regarded as a corruption and:shall be discarded. A corruption is treated as aloss. The loss can be detected as a
gap pf two consecutive sequence numbers for DT packets. The loss information is recorded into the ACK bifmap,
whidh is attached to the subsequent ACK packets.

ACH packets are used fercthe retransmission requests. When a receiver detects a gap in the sequence numbgrs of
received packets, it setsto zero the bit of the ACK bitmap that corresponds to the lost DT packet. The ACK bitnjap is
inclyded into the acknowledgement element, which is attached to the subsequent ACK packet and delivered tp the
parent by the A CK>generation mechanisms.

For @ local group, a parent and its children maintain the Lowest Sequence Number (LSN) variables to determing the

status of D packets. For a child, the LSN represents the sequence number of the lowest numbered DT packet that the
child has hot received. For a parent, the LSN represents the sequence number of the lowest numbered DT packe] that
hasr f i ;

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)

X.807(07)_F28

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

Each child generates an ACK packet by ACK Generation Number (AGN). Each’child sends an ACK packet to its

arent

every AGN number of packets. To do this, a child receives a Child ID from its parent in tree configuration, which is

contgined in the tree membership element of the TC packet.

Each child sends an ACK packet to its parent, if the PSN number of.a DT packet modulo AGN equals Child ID mgdulo

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 sequence nun
are 4, 10, 18, 26, etc. This ACK generation rule is.goplied when the corresponding DT packet is received or detect
aloss by the child.

9.6.1.3 Retransmissionsand ACK aggregation by LO

Each parent uses ACK packets to gather. status information for the error recovery. Each time a parent receives an
packgt from any of its children, it(records and updates the status information on which packets have been success
received by its children.

Each DT packet is definedrasa 'stable’ packet if al of the children have received it. The stable DT packets are rel¢
out gf the buffer memory.of the parent. When a parent receives an ACK packet from one of its children, if one or
packet losses are indicated, the parent transmits the corresponding RD packets to all of its children over its mul
contfol address.

Aftef a parentiretransmits an RD packet, it will ignore any subsequent retransmission requests for the same p
during the RXT period.

nbers
ed as

ACK
fully

based
more
icast

ket

ADN

An ACK packet con
variabtesfor-al-ofits

tains information on the number of active descendants (ADN). The parent aggregates the

C 10 aggrcgarcd O aro O ocl A S O ol

9.6.2 Réliability control for backward data channel

ent).

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
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 usin

case,

g 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 fo
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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

Figu

In th
case,
the @

re 29 THustrates theoperations for user=mitratedteaveand troubtermaker gjectiom:
P Child Child
arent (user leave) (troublemaker ejection)
LR
LR .

X.607(07)_F29

Figure 29 —User leave and troublemaker g ection procedures

e User Leave case, the child node will send a LR message to its parent (LO or TO). In the Troublemaker Ejg
the parent will request the concerned child to leave the connection.*In both cases, the LR message does not reg
orresponding confirm message. It is noted that the User Leave operation is performed between a parent and a

ction
uire
child

over|the control tree, rather than between TO and TS-user. Thestroublemaker gjection may be applied to the child that
has mot been responding during a certain time interval in the HB and HBACK operation for tree maintenance. It ifs not
reconmended to apply the troublemaker gjection to an LORode that has one or more children.
9.7.2 Connection pause
In ECTP-3, the TO may pause the connection temporarily for a certain reason. For example, when it has no user data to
trangmit, the TO may pause the connection.. The connection may also resume. During the connection pause period, the
TO thay send ND packets.
Figure 30 shows the operations for canhection pause/resumption. The ND packets do not require any confirm messpges.
TO TS-user TS-user
ND
Connection ND
pause >
period ND
D1

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 onl
CCC packets that arrive from the prospective TUs before the CCT timer.

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

y the

b) CWT (CR Waiting Time)
A promising TS user can join the connection via a normal join (by sending a CCpacket in respor]se to
the CR packet) or alate-join (by sending a LJ packet to the TO). For this purposejthe promising 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 hy,each promising TS-user
A specific value of CWT may be configured by a TS-user locally.

¢) LJT (Late Join Time)
When a promising late-joining TS-user starts an ECTP connection, if it cannot receive any CCR megsage
during the LJT time, it will try to join the ECTP connection\és a late-joiner by sending an LJR megsage
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 to.its children every HGT second. Each child will reqpond
with the HBACK packet if the Child ID of.the HB packet is equal to its Child ID. The SU also sendsthe
HB packets every HGT interval. The TOWill respond with the HBACK packet.
The choice of HGT depends on the pasent node and SU.

€) RXT (Retransmission Time)
In ECTP, the RXT timer is Gsed by the packet initiator to wait for the corresponding confirm packe{. For
example, a late joiner TS-user sends an LJR packet to TO and waits for the LJC packet until thel 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 retransmipgsion
regquest from the children for the RD packets that have already been retransmitted.
A specific value'of RXT depends on the implementation.

Parameters

a) ADN(Active Descendants Number)
This represents the number of the active descendants on the tree. Each LO calculates the ADN valug and
deliversit viathe ACK packet to the parent. In this way, the TO can be informed about the total number
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 till aive. In the tree

maintenance, the parent may eject a child if the child has not been responding during the
consecutive times of HB packets.
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