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Foreword

2003(E)

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
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stablished by the respective organization to deal with particular fields of technical activity. 15O
bchnical committees collaborate in fields of mutual interest. Other international organizations, gove
nd non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field\of inf
bchnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

nternational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part
he main task of the joint technical committee is to prepare International Standards. Draft Inte
tandards adopted by the technical committee are circulated to the member bodies for voting. Publi

n International Standard requires approval by at least 75 % of the member baodies casting a vote.

ttention is drawn to the possibility that some of the elements of this document may be the subject
ghts. ISO shall not be held responsible for identifying any or all such-patent rights.

BO/IEC 14476-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information teq
ubcommittee SC 6, Telecommunications and information.exchange between systems, in collaborg

TU-T. The identical text is published as ITU-T Rec. X.606.1:

BO/IEC 14476 consists of the following parts, under'the general title Information technology — B
lommunications transport protocol:

— Part 1: Specification of simplex multicast transport

- Part 2: Specification of QoS management for simplex multicast transport
-~ Part 3: Specification of duplex multicast transport

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

- Part 6: Specifieation of QoS management for n-plex multicast transport

and |IEC
rnmental
ormation

D .
rnational
Cation as

of patent

hnology,
tion with

nhanced
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Introduction

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

which is
networks.

a transport protocol designed to support Internet multicast applications running over multicast-capable
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

ARIAYS]

ECTP is
part of E
a simplex
maintena
ECTP pg
Internatid
functions|
N-plex c3

In ECTP
members
enrolmen|
addresses
connectid

The send
assigned

responsib
pause and

The send
connectid
the desirg
connectid

After the
monitors

The send|
received
transmiss

This QoS

IP Multicast

Figure 1 - ECTP model

fargeted to support tightly controlled multicast connections in simplex, duplex andAN-plex applications. Thig
CTP (part 2) specifies the QoS management functions for stable management of the Q@S of connection users i1
multicast connection. QoS management functionality consists of QoS negotiation, QoS monitoring, and QoS
hce operations. The protocol procedures for reliability control in simplex multicast transport are defined ir
rt 1 (ITU-T Rec. X.606 | ISO/IEC 14476-1), which forms an integral part of this Recommendation
nal Standard. Further parts of the standard will define control procedures and associated QoS managemen
respectively for the duplex case (X.ectp-3 | ISO/IEC 14476-3 and‘X)ectp-4 | ISO/IEC 14476-4) and for thd
se (X.ectp-5 | ISO/IEC 14476-5 and X.ectp-6 | ISO/IEC 14476-6).

all prospective members are enrolled into a multicast group;<before a connection or session is created. Thosg
define an enrolled group. Each receiver in the enrolled group is referred to as an enrolled receiver. In the
t process, each member will be authenticated. The grotip* information, including group key and IP multicas
and port numbers, will be distributed to the enrolled members during the enrolment process. An ECTH
n is created for these enrolled group members.

br is at the heart of multicast group communigations. A single sender in the simplex multicast connection i
the role of the connection owner, designated top owner (TO) in this Specification. The connection owner iS
le for overall connection management-by- governing the connection creation and termination, the connectior
resumption, and the late join and leave‘operations.

er triggers the connection creation process. Some or all of the enrolled receivers will participate in thg
n, becoming designated "active-receivers”. Receivers active at this stage are able to participate in negotiating
d quality of service for the session. Any enrolled receiver that is not active at this stage may participate in the
n as a late-joiner, but will-have to accept the established QoS. An active receiver can leave the connection.

connection is created, the sender begins to transmit multicast data. While the connection is active, the sendet
the status of the)session via feedback control packets from the active receivers.

br may takearange of actions if network problems (such as severe congestion) are indicated by the feedback
from active receivers. These actions include adjusting the data transmission rate, suspending multicast datd
jon temporarily, or in the last resort, terminating the connection.

management specification can be used in the multicast applications that want to support various QoS

requirements and the corresponding billing/charging models.

vi
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology — Enhanced Communications Transport Protocol:
Specification of QoS management for simplex multicast transport

1 Scope

This Recommendation | International Standard is an integral part of ITU-T Recs X.606.x | ISO/IEC 14476 "ECTP:
Enhanced Communications Transport Protocol", which is a family of Protocol Specifications designed to support
multicast transport services.

ITU4T Rec. X.606 | ISO/IEC 14476-1 provides a specification of various protocol operations for simplex anulficast
trangport. Those protocol operations include connection management such as connection creation/termination| and
connection pause/resume, membership management such as late join, user leave and membership tracking; and ferror
contfol for multicast data transport such as error detection and recovery.

This| part of the Recommendation | International Standard provides a specification of QoS- managemenf for
accomplishing desirable quality of service in simplex multicast transport connection.

This|Specification describes the following QoS management operations:
a) QoS negotiation

For QoS negotiation, this Specification assumes that a desired QoS evel for multicast application sefvice
can be expressed in terms of a set of QoS parameters. QoS negotiation is performed via exchange of
control packets between sender and receivers. Sender proposes the target values of QoS paranjeters
obtained from the application's requirements, and then each.feceiver can propose modified values based
on its system and/or network capacity. Sender arbitratésithe modified values proposed by recejvers.
Target values for QoS parameters can be used as inpufpatameters for reservation of network resourdes.

b) QoS monitoring

QoS control in ECTP is based on feedback ef. control packets from receivers. The feedback messages
from receivers enable the sender to keep track of the number of active receivers and also to monitdr the
connection status for multicast data transport. QoS monitoring is designed to allow the sendpr to
diagnose the connection status in terms-of QoS parameter values, and thus to take the necessary adtions
for maintaining the connection status’at a desired QoS level. The monitored connection status will be
reported to the application at thetsender side. The information conveyed could provide statistics useful
for billing purposes, for example:

¢) QoS maintenance

Based on feedback information from receivers, the sender takes one or more actions so as to maintain the
connection status(at,a’desired QoS level. These QoS maintenance actions include adjustment of thg data
transmission rate, connection pause and resume, troublemaker ejection and connection terminption
operations. (These QoS monitoring and maintenance functions, based on monitored parameter sfatus,
provide rate~based congestion control.

This|Recommendation™| International Standard is an integral part of ITU-T Recs X.606.x | ISO/IEC 14476, which has
6 pafts. All of \the protocol components, including packet formats and protocol procedures specifiefl in
ITU{T Rec. X606 | ISO/IEC 14476-1, are also valid in this Recommendation | International Standard.

2 Normative references

The following Recommendations and International Standards contain provisions which, through reference in this text,
constitute provisions of this Recommendation | International Standard. At the time of publication, the editions indicated
were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this
Recommendation | International Standard are encouraged to investigate the possibility of applying the most recent
edition of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently
valid International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently
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.

ITU-T Rec. X.606.1 (02/2003) 1
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— ITU-T Recommendation X.606 (2001) | ISO/IEC 14476-1:2002, Information technology — Enhanced
Communications Transport Protocol: Specification of Simplex Multicast Transport.

3 Definitions

3.1 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) QoS parameters;

b)) QO0S ncgotiation; and

¢) QoS arbitration.

3.2 Terms defined in ITU-T Rec. X.606 | ISO/IEC 14476-1

This| Recommendation | International Standard is described based on the concepts and terms‘\developed if the
speclfication of simplex multicast transport on ECTP (ITU-T Rec. X.606 | ISO/IEC 14476-1).

a) application;
b) packet;

¢) sender;

d) receiver;

e) tree;

f) parent; and
g) child.

33 Terms defined in this Recommendation | Intérnational Standard

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

a) QoS monitoring: Is the protocol operation that is used to diagnose the current connection status} For
QoS monitoring, each receiver is required to measure the experienced parameter values and to rgport
them to sender. Sender aggregates:the status information reported from receivers.

b) QoS maintenance: Is the protocol operation that is used to maintain the connection status at a dgsired
QoS level. Sender takes QoS maintenance actions based on the monitored status information.

4 Abbreviations
For the purposes of this Recommendation | International Standard, the following abbreviations apply.

4.1 Packet types
ACK )' Acknowledgment

(Gl Connection Creation Confirm
CR Connection Creation Request
CT Connection Termination

DT Data

HB Heartbeat

\[@ Late Join Confirm

JR Late Join Request

LR Leave Request

ND Null Data

RD Retransmission Data

2 ITU-T Rec. X.606.1 (02/2003)
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4.2 Miscellaneous
API Application Programming Interfaces
CHQ Controlled Highest Quality
Diffserv Differentiated Services
ECTP  Enhanced Communications Transport Protocol
ECTS  Enhanced Communications Transport Services
1P Internet Protocol
LQA Lowest Quality Allowed
MSS Maximum Segment Size

OT Operating Target
QoS Quality of Service

RSVP  Resource Reservation Protocol

5 Conventions

In this Recommendation | International Standard, the key words "MUST", "REQUIRED”, "'SHALL", "MUST NOT",
"SHALL NOT", "SHOULD", "SHOULD NOT", "MAY", and "OPTIONAL" indicate requirement levels for comgliant
ECT|P implementations.

6 Overview

This|Recommendation | International Standard provides a specification 6f*QoS management for one-to-many (simplex)
multjcast transport connections. This Specification describes the following QoS management operations:

1) QoS negotiation, including reservation of network reésources;
2) QoS monitoring; and

3) QoS maintenance.

In the connection creation phase, sender informs_the receivers whether QoS management is enabled. When |QoS

manggement is enabled, sender must also specify*whether or not QoS negotiation will be performed in the connegtion.
QoS|monitoring and maintenance operations are performed, only if QoS management is enabled.

Figufe 2 illustrates these QoS management dperations for the simplex multicast connection. In the figure, the profocol
operfitions marked as dotted lines are specified in ITU-T Rec. X.600 | ISO/IEC 14476-1.

ITU-T Rec. X.606.1 (02/2003) 3


https://standardsiso.com/api/?name=4eb9c2ef5a49ea586e73bd47af6286b4

ISO/IEC 14476-2:2003 (E)

Connection Creation

— Control tree creation

— QoS negotiation

\ 4

Multicast data transfer

ECTP Tree-based ra];n]»\;];f}y Aot

In g¢
achig
of ar
jitter
the ¢

Fronp the requirements of applications, seader will determine the target values for each QoS parameter. How to

from
App

QoS
para
qual
delay

IfQ
mod
The

connection | | 1 ooToTnuene
lifetime

——  Tree membership maintenance

— Late Join and Leave

— QoS monitoring

— QoS maintenance

v

Connection Termination
v X.606.1_F02

Figure 2 — QoS managementin ECTP

neral, QoS represents the quality of service required forsatisfactory reception of application data at a receiv
ve desirable audio/video display quality for example;-In this Specification, it is assumed that the QoS requirer
application are expressed in terms of one or mor¢\QoS parameters such as throughput, transit delay, transit
and data loss rate. Depending on the application's requirements, some of these QoS parameters may not be us
onnection. For example, a non-real time seryice might not impose the transit delay requirement.

the application's requirements to. those target parameter values is outside the scope of this Specifics
ication programs could be used to\earry out such mappings.

negotiation is performed insthe-Connection creation phase. Sender proposes the desired target values for each|
meter to all receivers by-multicast. For throughput, three target values are specified: CHQ (controlled hi

br, to
hents
lelay
ed in

map
tion.

QoS

bhest

ty), OT (operating target)-and LQA (lowest quality allowed). For the other parameters such as transit delay, tfansit

v jitter, and data loss rat€, only two target values are specified: OT and LQA.

S negotiation is) énabled, each receiver can propose modifications to the sender's proposed parameter values. ]
fied values will*be determined by considering the system capacity at the receiver side and network environni
following Testrictions are imposed for modification of parameter values by receivers:

)~ OT values must not be modified by receivers;

2) the values modified by receivers must be within LQA and CHQ values proposed by sender.

hese
ents.

The parameter values modified by receivers are delivered to sender via ACK messages. The sender arbitrates different
parameter values for various receivers by taking a commonly agreed range of values.

4
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Figure 3 shows an abstract sketch of QoS negotiation that can occur in ECTP. From the application's requirements, a set
of target QoS parameter values will be configured at the sender. Sender informs the receivers about the target values
(step 1). Based on those target values, each receiver begins to make resource reservations with the help of RSVP or
Diffserv (step 2). If QoS negotiation is enabled in the connection, each receiver may propose modified values for QoS
parameters (step 3). From the modified parameter values, the sender determines the arbitrated values (step 4). These
arbitrated values are delivered to the receiver via subsequent HB or JC packets, and will be used for QoS monitoring
and maintenance.

Application's requirements

!

1drget Vdiucb 101 QUS Paralliciers

& o 9
X/606.1_F03

@ Target values proposed by sender

@ Reservation of network resources by receivef
(3 Values modified by receiver

(4) Arbitration of the modified values by/sender

Figure 3. QoS negotiation

Aftet an ECTP connection is created, and if Q0S management is enabled, the QoS monitoring and mainterfance
opergitions are performed for the multicast data_transmission. For QoS monitoring, each receiver is required to mefisure
the parameter values experienced. Based(on the measured values and the negotiated values, a receiver determipes a
parafneter status value for each parameter.as an integer: normal (0), reasonable (1), possibly abnormal (2), or abngrmal
(3). These status values will be delivered to the sender via ACK packets.

Sender aggregates the parameteristatus values reported from the receivers. If a control tree is employed, each parert LO
node aggregates the measured values reported from its children, and forwards the aggregated value(s) to its own parent
using ACK packets.

Figufe 4 illustrates th€ Q6S monitoring and maintenance operations described in this Specification.

ITU-T Rec. X.606.1 (02/2003) 5
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This

extemded from those already defined in ITU-T Rec. X.606ISO/IEC 14476-1.
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Figu|

For
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Sender \ »(  Receiver
Receiver

X.606.1_F04

Multicast data transmission
Figure 4 — Conceptual sketch of QoS monitoring and maintenance

er takes QoS maintenance actions necessary to maintain the connection status.ata desired QoS level, based o
tored status values. Specific rules are pre-configured to trigger QoS mainténance actions such as data transmi
hdjustment, connection pause and resume, troublemaker ejection and connection termination. Those actions w

Components for QoS management

clause describes the ECTP protocol components requiréd\for QoS management operations. All the componen

Connection information element

Fe 5 shows the connection information element specified in ITU-T Rec. X.606 | ISO/IEC 14476-1.

0 8 16 24 31
Next element Version Flags Tree cpnﬁg. Maximum Maximum children
option tree level number
Cennection creation time ACK bitmap size Reserved

Figure 5 — Connection information element

DoS mianagement, the ECTP sender specifies the following three fields in the 'Flags' byte:

n the
bsion
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S are
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IN
»]

N

Reserved CT

QoS

Retx

1) QoS —is a flag bit to indicate whether QoS management is enabled (1) or not (0) in the connection. If this

bit is set to '1', all the procedures for QoS management are invoked. The default value is '0'.

2) N (negotiation) — is a flag bit to indicate whether QoS negotiation is enabled (1) or not (0) in the

connection. If this bit is set to 'l', each receiver is allowed to propose its own parameter values.

default value is '0'.

The

3) Retx (retransmission) — is a flag bit to indicate whether retransmissions by parent are performed (0) or
not (1). If this bit is set to 'l', the sender or parents need not retransmit RD packets, even if the

retransmission requests by ACK packets are received. The default value is '0'.
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The QoS bit must be set to "1" (QoS enabled) before the N bit is valid. There are three possible cases.

a) QoS bit set to "1" and N bit set to "0" indicates that QoS is to be used in the connection, and QoS values
will be imposed by the sender. The receivers cannot negotiate it.

b) Both bits set to "1" indicate that QoS is to be used in the connection, and QoS parameter values may be
negotiated between receivers and the sender.

¢) QoS bit set to "0" indicates that QoS is not to be used in the connection. The N bit is not used in this
case.

The setting of the Retx (retransmission bit) can be done independently of the setting of the QoS bit. It is expected that
real-time live streaming media applications will not need error recovery based on retransmissions, but they need the
QoS management functions. Even in this case, ACK packets are still used to convey connection status information.

7.2 QoS parameters

In thjs Specification, the following four QoS parameters are defined:
1) throughput (bytes per second);

2) transit delay (millisecond);

3) transit delay jitter (millisecond);

4) data loss rate (percent).

Thraughput represents an amount of application data output over a specific time period. Target throughput megns a
throyghput value required for desirable display of application data. Application§-geherate multicast data and HCTP
sendpr will transmit them, based on the target throughput value(s). Actual data reception rate at receiver's sidg will
depepd on data transmission rate, network conditions and end system capacity,‘etc.

For throughput, the sender shall configure the following target values:

1) CHQ throughput;

2) OT throughput;

3) LQA throughput.

Amdng them, the following inequalities must be enforcedi L.QA throughput < OT throughput < CHQ throughput.

Tranbit delay represents end-to-end transmission time from a sender to a receiver. For desirable display of mulficast
data, the sender may configure the following targetwalues:

1) OT transit delay;
2) LQA transit delay.

Between them, the following inequalities must be enforced: OT transit delay < LQA transit delay.

Tranpit delay jitter represents variations of transit delay values. For desirable display of data, the sender may confjgure
the fpllowing target values:

1) OT transit delay jitter;
2) LQA-ransit delay jitter.

Between them, the following inequalities must be enforced: OT transit delay jitter < LQA transit delay jitter.

Data loss rate.is defined as a ratio of the amount of lost data over the amount of totally transmitted data. For desirable
display of data, the sender may configure the following target values:

1) OT loss rate-
2) LQA loss rate.

Between them, the following inequalities must be enforced: OT loss rate < LQA loss rate.

7.3 QoS extension element

For QoS management, the QoS extension element is newly defined in this Specification. All the extension elements
used in ECTP are listed below.

ITU-T Rec. X.606.1 (02/2003) 7
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The

Table 1 — Encoding table of ECTP extension elements

Element Encoding
Connection Information 0001
Acknowledgment 0010
Tree Membership 0011
Timestamp 0100
QoS 0101
No element 0000
The [QoS extension element specifies the Maximum Segment Size (MSS) and the target values for ECTP |QoS
paraeters described in 7.2. As shown in Figure 6, the QoS element has a length of '28' bytes:
0 8 16 24 31
next element version ‘ QoS flags ‘ Maximum Segmeént Size
CHQ throughput
OT throughput
LQA throughput
OT transit delay LOA transit delay
OT transit delay jitter LQA transit delay jitter
OT loss rate ‘ LQA loss rate reserved
Figure 6 — QoS extension. element
following parameters are specified:
a) Next Element — Indicates the type of the nextieléement immediately following this QoS element;
b) Version — Defines the current version of this element, starting at '1";
c) QoS flags — Is a flag byte to specifyyif each of QoS parameters and MSS are used in the connegtion.
Encoding of this byte is depicted in the following figure. If a bit is set to 'l', then the corresponding|QoS

8

parameter or MSS will be used.(Dhe default value is '0' for each bit.

7 6 54 3 2 10

Reserved | E|D|C|B | A

1) A —throughput;

2) B —fransit delay;

3) <C-=vtransit delay jitter;

A)\{ D — data loss rate;

5) E — maximum segment size (MSS);

6) Reserved — is reserved for future use.

AL - Q Vel LALOON n il b - ol h mlanla nlnY %~ R . f
Uy VIUATITTUITT STEMETIT STz (7VIoo ) — NUPTUOUVIIS UIU TITAATIITUTIT S IZTUT dINM T TT SUEIIICVIIUUT PAaCRUT T 1t O

bytes. If the 'E' bit of the QoS flags is set to 'l', MSS is subject to negotiation (see 8.1.3). Otherwise, the

default MSS value of 1024 will be used.

e) Throughput values — Each value is a 32-bit unsigned integer in byte per second. The following target

values are valid only if 'A’ bit of QoS flags is set to '1":

1) CHQ throughput — upper limit for throughput;

2)  OT throughput — target throughput for desired display of multicast data;
3) LQA throughput — lower limit for throughput.

f)  Transit delay values — Each value is a 16-bit unsigned integer in millisecond. The following target values

are valid only if 'B' bit of QoS flags is set to '1":
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1) OT transit delay — target transit delay for desired display of multicast data;
2) LQA transit delay — maximally allowed transit delay.

g) Transit delay jitter values — Each value is a 16-bit unsigned integer in millisecond. The following target
values are valid only if 'C' bit of QoS flags is set to '1":

1) OT transit delay jitter — target transit delay jitter for desired display of multicast data;
2) LQA transit delay jitter — maximally allowed transit delay jitter.

h) Data loss rate values — Each value is an 8-bit unsigned integer ranged from 0 to 100 in percent. The
following target values are valid only if 'D' bit of QoS flags is set to '1":

1) OT loss rate — target loss rate for desired display of multicast data;

2)  T.OA loss rate — maximally allowed loss rate

i)  Reserved —Is reserved for future use.

The QoS element is used for the sender to inform the receivers about the target values for QoS parametérs’by § CR
packgt in the connection creation phase. In QoS negotiation, the QoS element is also used when a receiver proposgs its
own|modified values to the sender. The negotiated QoS values will be announced to late-joiners via'the JC packe} and
to existing receivers via HB packets.

These QoS values are also referred to in the QoS monitoring and maintenance operations.

7.4 Acknowledgement element

For QoS monitoring, each receiver is required to measure the parameter values thatthave been experienced. A meagured
paraeter value is mapped to a parameter status value. A status value is an integer such as 0, 1, 2, or 3. A larger ftatus
valu¢ indicates a worse status for the connection.

The ptatus values are delivered to sender via ACK packets. The acknowledgement element of the ACK packet corftains
the sfatus values for QoS parameters used in the connection.

The pcknowledgement element specified in ITU-T Rec. X.606] ISO/IEC 14476-1 is shown below. In the figurg, the
'pardmeter status' byte is newly defined in this Specification.

0 8 16 24 31

Next element Version Valid bitmap length Reserved Parameter status

Lowest sequence number

Bitmap

Figure 7 — Acknowledgement element

The |parameter status' byte*has the following structure:

7 6 5 4 3 2 10

D C B A

a) A — Represents two bits to indicate the status value for the measured throughput;

b) B — Represents two bits to indicate the status value for the measured transit delay;
c) C—Represents two bits to indicate the status value for the measured transit delay jitter;

d) D — Represents two bits to indicate the status value for the measured packet loss rate.

A status value consisting of two bits has one of the following values:
a) 00— Indicates '0' as a status value;
b) 01 —Indicates 'l' as a status value;
¢) 10 —Indicates 2' as a status value;

d) 11 —Indicates '3' as a status value.

ITU-T Rec. X.606.1 (02/2003) 9
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The detailed mapping schemes from a measured parameter value to a status value are described in 8.2.3.

7.5

Packets used for QoS management

Table 2 lists the ECTP packets used for QoS management.

Table 2 — ECTP packets used for QoS management

The
para
prot
send

prop
joing
origi

The
used|

In E

QoS

will
IfQ

info

8.1

The
the p

defal]:;t. On the other hand;”QoS negotiation is enabled only when the N bit in the 'Flags' byte of the conng

Extension element
Packet
type Connection Tree .
information membership Acknowledgement Timestamp QoS
CR (6} O
CcC O O
HB (¢} O (0]
ACK (0] (0] O
IC O O

CR packet contains a QoS element. This is used by the sender to propose (or impose)‘the target values of the
meters that are used in the connection. These values can be referenced by resouteefeservation mechanism
cols, such as RSVP, if they are enabled in the network. If QoS negotiation is enabled, each receiver responds {

bsals, and the arbitrated values for the QoS parameters will be delivered to. receivers via HB packets. For a

nally) are notified via a JC packet (see 8.1).

target or negotiated values will be referred to in QoS monitoring and maintenance operations. ACK packet
to convey the status values for QoS parameters experienced at'the receiver side (see 8.2).

Procedures for QoS management

CTP, the QoS management includes the following Operations:
1) QoS negotiation, possibly with reservation of network resources;
2) QoS monitoring;

3) QoS maintenance.

negotiation is performed in th€connection creation phase, while the QoS monitoring and maintenance opera
be done in the data transmisSiont phase.

S management is enabledin the connection, the QoS monitoring and maintenance operations will be perform
ation element is'set’to 'l".

QoScegotiation

FECTP{sender transmits a CR packet to all receivers to start the connection creation phase. The CR packet con
roposed (or imposed) target values for each QoS parameter such as CHQ, OT, and LQA. Each receiver can re

QoS
and
0 the

er with its own proposed values for QoS parameters, via a CC packet. The/sender will arbitrate the retyrned

late-

r, the target QoS parameter values currently being used in the comnéction (whether imposed or negofiated

S arc

tions

d by
ction

tains
Fer to

thes

target values for resource reservation (see 8 1.4) If QoS negotiation is enabled in the connection, the negoti

tion

procedures are activated (see 8.1.1). The imposed or negotiated target values are subsequently used in QoS monitoring
and maintenance (see 8.2 and 8.3).

If QoS negotiation is enabled in the connection, each receiver can propose a new modified value in response to a target
parameter value proposed by the sender. To propose a new value, a receiver is required to be able to identify the system
or network resources to be used. For example, a modified throughput value may be assessed from line rates of
transmission links accessible at the receiver site (e.g., DSL, cable modem, and wireless networks, etc). The modified
value may also be determined by considering the end user's requirement at a receiver site. It is possible for an end host
to use a software program to determine a modified parameter value for negotiation, based on network and system
resources as well as end user's requirements. However, in real world scenarios, it is not easy to precisely identify the
resource capacity of the networks involved with a receiver. Accordingly, at least in the near future, QoS negotiation will
be done based on the end user's requirements at the application level or on the system capacity of the end host.

10
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In this Specification, the sender is required to specify via the QoS extension element whether each QoS parameter is
subject to negotiation (see 7.3). For the parameters that are negotiable, a receiver can propose modified values. If a
receiver does not wish to modify a QoS parameter, it will just return the same QoS element received from the sender.

8.1.1 Negotiation procedures

If QoS negotiation is enabled in the connection, each receiver responds to the sender with a CC packet containing the
modified target values for the respective QoS parameters.

This subclause describes the QoS negotiation procedures for the throughput parameter, which has three target values:
LQA, OT, and CHQ. The negotiation procedures for the other parameters such as delay, jitter and loss rate are all the
same except that these parameters have no CHQ values.

Duripg QoS negotiation, receivers must not modifyv the OT value for each parameter

The fetailed procedures for QoS negotiation are described below and illustrated in Figure 8.
1) Sender proposes target parameter values:

From application requirements, sender determines the target parameter values: LQA0,/OTo, CHQo,
where LQAo < OTo < CHQo, and then transmits a CR packet with QoS extensiton element fo all
receivers.

2) Receivers modify the parameter values:

In response to the target values proposed by sender, each receiver i can_propose the modified vqlues:
LQA; and CHQ;. OTo value must not be changed. Thus, the following inequalities are enforced: LQA0 <
LQA; < OTo < CHQ; < CHQo for each receiver i. Each receiver delivers the modified values to s¢nder
via a CC packet.

3) Sender arbitrates the modified parameter values:
The sender arbitrates the modified parameter values propdsed by receivers as follows:
CHQmin = min CHQj;, for eagh.receiver i
LQAmax = max LQA,, for each receiver i
LQAmax and CHQmin are the negotiated pardmeter values that have resulted from QoS negotiation
4) Sender announces the negotiated parameter,values:

Sender announces LQAmax, CHQmin, and OT values to receivers via HB and JC packets.

Sender Receivers Arbitration
CHQo /‘\ @ - CHQmin
OTo @ — OTo
LQAo \/ max)}——+—— LQAmax
X.606.1_F08

Figure 8 — QoS negotiation procedures

For delay, jitter, and loss rate parameters, an LQAmin value will be obtained instead of LQAmax, since CHQ values are
not used and OT value < LQA value for those parameters. That is,

LQAmin = min LQA,, for each receiver i

ITU-T Rec. X.606.1 (02/2003) 11
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QoS negotiation is not performed for late-joining receivers. Sender just notifies the negotiated parameter values to the
late-joining receiver via JC packet.

8.1.2 QoS negotiation in the tree hierarchy

If a control tree with more than two levels is employed, each parent LO must perform the QoS arbitration procedures
for the modified values proposed by its children (step 3 in 8.1.1). In this case, the arbitration rule is as follows;

CHQmin' = min CHQ;, for each child i

LQAmax' = max LQA,;, for each child i

The parent delivers the arbitrated values, CHQmin' and LQAmax', to its parent via CC packet. In this way, thé’sgnder
receives CC packets from all of its children, and then obtains the arbitrated parameter values for all the receivers.

8.1.3 MSS negotiation

MSS| represents the maximum packet size, which depends on Maximum Transmission Unit (MTU) for link [ayer
trangmissions. Typical MTU values are 1500 bytes for Ethernet, 1492 bytes for IEEE 802, 4352\bytes for FDDI| 576
byteg for X.25, and so on. The MTU determines the frame size for the link layer transmissions, and hence the|MSS
valug.

The flefault MSS value of the ECTP is 1024 bytes, which supports most link types except X.25. If sender and/or recgiver
cannpt identify its MSS value, it takes the default MSS value of 1024 bytes.

In ECTP, if MSS negotiation is indicated (see 7.3), the following procedures are-performed:
1) Sender writes its MSS value into the CR packet, and then trahsmits it to all the receivers.

2) Each receiver proposes its own MSS value via the CC packet. The MSS will be affected by the MU of
the local network that the receiver belongs to. If thexeceiver's MSS is larger than the sender's MSY, the
receiver takes the sender's MSS.

3) Sender arbitrates the connection's MSS by taking'the minimum MSS value for all the receivers.

8.14 Resource reservation

ECTP itself cannot guarantee the QoS levels required by applications. However, the target values of QoS paranjeters
can e used in the reservation of network resources-such as Integrated Services with RSVP and Differentiated Seryices
(Diffserv).

The RSVP model is a good match with the ECTP protocol, since the resource reservation is done in an end-t¢-end
manper. In networks where RSVP is, enabled, periodic RSVP PATH messages will be delivered to receivers. In
respdnse to the PATH message, each receiver sends periodic RSVP RESV messages to the sender via the multicas{ data
path

If R§VP is used with ECTP; the target values of ECTP QoS parameters will be referenced in the configuration of RSVP
traffic descriptors for the. RSVP TSPEC (or FLOWSPEC) contained in the RSVP PATH message. These PATH
mesgages will be issued-n accordance with CR packet and HB packets transmitted by the sender. It is noted thdt the
RSVP modules ar¢ mdnaged separately from ECTP in end systems. This means that the resource reservatior] and
contfol functions iRSVP will only be performed only by the RSVP daemons concerned.

Anngx A describes an example of interworking between ECTP and RSVP, along with a possible mapping scheme
betweenthe associated QoS and traffic parameters.

The differentiated service maodel pravides differentiated classes of service for TP traffic to support various types of
applications, and specific business requirements. A small bit-pattern in each packet, in the IPv4 TOS (or DSCP) octet or
the IPv6 Traffic Class octet, is used to mark a packet to receive a particular forwarding treatment, or per-hop behaviour,
at each network node. A common understanding of the use and interpretation of this bit-pattern is required for inter-
domain use, multi-vendor interoperability, and consistent reasoning about expected service behaviours in a network. Up
to the present, a specific interworking scheme between ECTP and Diffserv has not been identified.

ECTP will need to utilize underlying network QoS mechanisms such as RSVP and Diffserv to establish network
connections delivering the required QoS levels. However, the potential use of ECTP is not limited to current network
QoS methods. ECTP is designed to be used for QoS improvement under a variety of different QoS models in the future.
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8.2 QoS monitoring

The QoS monitoring function provides the sender with information about how well the connection is operating. To do
this, each receiver is required to measure the parameter values experienced and report these values back to the sender.

For the QoS parameters used in the connection, each receiver measures the parameter values that have been
experienced. The measured value is mapped to a parameter status value for each parameter. A parameter status is an
integer having a value of 0, 1, 2, or 3. This status value is recorded in the acknowledgement element and conveyed to
the sender via a subsequent ACK packet (see 7.4). Sender aggregates the parameter status values from all the receivers.

The purpose of QoS monitoring is to provide the sender with information on QoS status for the connection. Based on
the monitored status information, the sender can also take any QoS maintenance actions necessary.

8.2.1 — _Generation of ACK

Eacl| receiver reports the parameter status values to its parent by generating ACK packets. In ECTP-2, ¢the’ACK
genefation rule is somewhat different from that specified in ECTP-1. In ECTP-2, AGT is set to equal~4AGN. More
speclfically, AGT is set to be 'AGN X 1 second, i.e., AGN seconds.' Accordingly, each receiver will generate perjodic
ACH packets for every AGT second. Setting of AGN is an implementation issue, but AGN is set t0-'8" by defaylt in
ECTIP-2.

To generate ACK packet, each receiver must keep a timer, QoS monitoring time (QMT), in seconds. The QMT fimer
start§ as soon as the receiver completes the connection setup, i.e. after reception of CC of JC packet from the sepder.
QMT timer increases monotonically as the connection progresses. That is, it will\@iet be refreshed during the
connlection.

EacH receiver transmits an ACK packet to its parent if:

OMT % AGN = Child ID % AGHN,

This|scheme is employed to minimize ACK implosions at the parent\side as much as possible. By this mechanism,|each
receiver will continue to generate ACK packets every AGN second, after the OMT timer begins. For example, if AGN is
set tp 8, then a receiver with Child ID of either 3 or 11 will. generate ACK packets at the OMT times of 3, 11, 19,
27 s¢conds, etc. It is noted in the example that the first ACK'will be generated for data packets transmitted only dfiring
3 sedonds not 8 seconds. However, the other succeedingiACK packets are generated for the time interval of UGN
secopds. In this manner, each receiver will generate ACK-packets every AGN second, except for the first ACK pacHfet.

Eacll ACK packet conveys the measured parametet status value as described in 8.2.2.

8.2.2 Measurement of QoS parameter-values

For multicast data transmission, each receiver measures the experienced values for each QoS parameter. All the
parameter values are measured, recorded and calculated, until a new ACK packet is generated according to the ACK
genefation rule described above,-When it is time to send an ACK, a receiver calculates the parameter status value for
the data packets received and colected until then. After transmitting an ACK, the collected data is cleared and ther] new
data [will be gathered and recerded for generating a new ACK.

8.2.2.1 Throughput

Throughput is measured as the data reception rate in units of bytes per second. The data reception rate is calculated |by:

Amount of the received data packets in bytes over AGN seconds.

Again, fhe first ACK packet may be generated before AGN seconds have elapsed. To measure the throughput value, a
receiver needs to keep information about how much data packets (bytes) have been received for the specific time.

Each time a new throughput value is obtained, the value is mapped to the parameter status value, an integer value of 0,
1, 2, or 3, according to the mapping rule that will be described in 8.2.3.

8.2.2.2 Data loss rate

Data loss rate represents the packet loss rate, and it is expressed in percent. The packet loss rate is calculated by:

Number of lost packets over Number of the data packets received during AGN seconds.
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Again, the first ACK packet may be generated before AGN seconds have elapsed. To measure the throughput value, a
receiver needs to keep information about how many data packets have been lost. When a receiver generates an ACK
packet, the currently measured loss rate value is mapped to the parameter status value.

8.2.2.3 Transit delay and jitter

To measure an end-to-end transit delay, the sender is required to transmit data packets with a timestamp element.
Another requirement is the synchronization of time clocks between sender and receivers. Without satisfactory resolution
of these requirements, it is hard to get exact information about transit delay and jitter. In this subclause, it is assumed
that each receiver can measure an end-to-end transit delay of a data packet from the sender.

Transit delay is measured for each data packet received. These transit delay values are averaged over the data packets
received during AGN seconds. Transit delay jitter is measured as the difference between the maximum and minimum

DT 1 P 1 1
trangrtdetay vatuesof those Tecerved data packets:

Durihg the AGN seconds, every time a new data packet arrives, the transit delay is calculated, and the averaged ¢lelay
and Jitter values are updated. Just before a receiver generates an ACK packet, the currently measured value will be
mapped to the parameter status value.

8.2.3 Mapping to a parameter status value

The measured parameter value is mapped to a parameter status value for each QoS parameter.” The subsequent ACK
packet will contain the status value. Note again that measurement of a QoS parameter is activated only if the use qf the
parameter in the connection is indicated (see 7.3).

Figufe 9 illustrates the mapping from the measured value to a status value.
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Figure 9 — Mapping-of the measured value to a status value

As shown in the figure, the mapping from.the measured parameter value to a status value is done based on OT and LQA
parapeter values. ECTP also uses-ai#hreshold value to classify the status into normal (0), reasonable (1), possibly
abngrmal (2), and abnormal (3),The threshold value is set to a median value between OT and LQA parameter vplues
(i.e.,||[LQA — OT] / 2), as shown in-the figure.

An ihitial parameter statusvalue is set to '0'. Once the measured value is obtained, the mapping to a parameter status
valug is done as follows:

IF "meastred parameter value > OT, " then status = 0,

ELSEIF "threshold < measured parameter value <OT," then status = 1;
ELSE IF "LOA < measured parameter value <threshold, "then status = 2,
ELSE IF "measured value <LQA," then status = 3.

In the above mapping rules, the inequalities hold true only for throughput parameter. For the other parameters such as
delay, jitter, and loss rate, those inequalities must be reversed, because OT values < LQA values.

8.24 Reporting toward the sender

Each receiver reports the obtained parameter status values to its parent via ACK packets. The ACK packets are
generated based on child ID and AGN seconds. In this fashion, all the information about parameter status values will be
delivered toward the sender along the tree hierarchy.

8.2.4.1 Aggregation by LO in the tree hierarchy

In the tree hierarchy, each parent LO aggregates the ACK packets from its children. This aggregation will proceed just
before the parent generates its own ACK. The LO also generates its own ACK packet every AGN second, as done by a
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receiver. The parent simply takes an average value over the parameter status values reported from its children together
with its own measured value, just before it generates ACK packets.

The averaged value is calculated for each QoS parameter by:
Summation of parameter status values from the responding children over CCN.
In the multi-level tree structure, the number of descendants is represented by Active Receiver Number (ARN) recorded

in the tree membership element. In this case, the parameter status values reported by children are weighted by their ARN
values as follows:

Weighted average value = 21:1, ...ccn {ARN(1) X parameter status value(i)} over Zizl, ...ccn ARN(I)

A parent LO rounds this average value to 0, 1, 2, or 3 for each QoS parameter, and composes its ACK packet.

8.2.4.2 Aggregation by sender

Aggregation of parameter status values by sender is the same as that by LO. The sender also performs aggregatipn of
ACH packets reported from its children every AGN seconds.

Aftef aggregation of ACK packets, the sender simply takes an average value weighted by ARN,ot’¢ach child. That i

12

Aggregated status value = the weighted sum of reported status values over ARN ‘ofthe connection.

The [sender obtains an aggregated status value for each QoS parameter. More speeifically, the sender will havp the
following aggregated status values (if each of the parameters is used in the connection):

a) aggregated status for throughput, denoted by Tvalue;

b) aggregated status for transit delay, denoted by Dvalue;

c) aggregated status for transit delay jitter, denoted by Jvalag;
d) aggregated status for data loss rate, denoted by Lvalue;

Eacl of the aggregate values is also ranged between 0 and 3.

Sender may forward the monitored status information to the application. The monitored information is helpful fqr the
sendjng application to diagnose how well the connection(is being operated in terms of QoS, which may further be yseful
for designing a billing/charging model.

The |monitored information is also used in the; QoS maintenance. Among the monitored values, Lvalue is usefl for
adjustment of transmission data rate (see 8.3:1).)A weighted sum value for all the status values, Tvalue, Dvalue, Jvalue,
and Lvalue, can be used to trigger connection pause, troublemaker ejection and termination.

8.3 QoS maintenance

QoS|maintenance is performed, to-maintain the quality of a connection at a desired level and to prevent the conneftion
qualjty from being degraded below the negotiated QoS level.

Basgd on the monitored‘parameter status values, the sender will take the following QoS maintenance actions:
1) adjustmeént of data transmission rate;

2) ornection pause and resume;

3)_\ troublemaker ejection;

4) connection termination.

Data rate adjustment 1s related to the rate-based flow and congestion control. Connection pause/resume and termination
are the actions which can be taken to manage the connection. These events will be announced to all the receivers via
ND and CT packets transmitted by the sender.

To trigger these QoS maintenance actions, the sender needs to configure the following threshold values:
1) threshold rate increase and threshold rate_decrease for adjustment of data transmission rate;

2) threshold connection pause.

All the threshold values are real numbers ranged between 0 and 3.

ITU-T Rec. X.606.1 (02/2003) 15
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8.3.1 Adjustment of data transmission rate

ECTP uses a fixed-sized window-based flow control. The default window size is the same as ACK Bitmap Size (ABS),
32. Sender can maximally transmit the window size data packets at the rate of Data Transmission Rate (DTR). ECTP

performs congestion control by dynamically adjusting DTR, based on the loss rate status values Lvalue (see 8.2.4.2).

Adjustment of data transmission rate is based on threshold_rate_increase and threshold rate_decrease, which are
configured by sender from application requirements. These values are ranged as follows:

0 < threshold_rate_increase < threshold rate_decrease <3

The default values are threshold rate_increase = 1.0 and threshold rate_decrease =2.0.

In the data transmission phase, sender starts with DTR = LOA throughput, and DTR can be adjusted as follows:

LQA throughput < DTR < CHQ throughput.

pre-

Every AGN second, the sender adjusts DTR, based on threshold rate increase, threshold rate\ decrease, angl the

monftored Lvalue as follows:

IF Lvalue < threshold_rate increase

THEN DTR =Min {CHQ, DTR + Transmission Rate Increase (TRI)}

ELSF IF threshold rate increase < Lvalue < threshold rate decrease

THEN DTR is not changed

ELSE IF Lvalue > threshold _rate decrease

THEN DTR =Max {LQA, DTR — Transmission Rate Decredse (TRD)}

Rate|adjustment variables such as TR/ and TRD may be set based on\€HQ and LOA throughput. For examples,
TRI = (CHQ — LQA) x 1/20

TRD = (CHQ — LQA) x 1/5

8.3.2 Connection pause and resume

Conpection pause can be performed by the sendersto suspend the multicast data transmissions temporarily so ps to

prevent the connection quality from being more severely degraded.

Conpection pause and resume may be perforimed, according to the request of application. In this case, the sefding
applfcation will trigger the connection pause, based on monitored parameter status values such as Tvalue, Dvjalue,
Jvalye and Lvalue. If the connection pause is triggered, the sender transmits periodic ND packets with the F bit set|to '1'
in thp fixed header (see ITU-T Rec” X606 | ISO/IEC 14476-1). The sender must not transmit any new DT packet, yhile

the dontrol packets including HB packets can be sent. Each receiver may also send control packets such as ACK.

Cont
the 1
connection pause. The suggested threshold connection pause value is 2.5.

For this purpose, Connection Status value is calculated for all the monitored parameter status values as follows.

Connection Status = Tweight X Tvalue + Dweight X Dvalue + Jweight X Jvalue + Lweight X L

Each—efthe—weig 3
constraints are imposed:

0 < Tweight, Dweight, Jweight, Lweight < 1

Tweight + Dweight + Jweight + Lweight =1

A weight value is set to '0' if the corresponding QoS parameter is not enabled in the connection.

The connection pause is triggered if:

Connection Status 2 threshold _connection_pause

16 ITU-T Rec. X.606.1 (02/2003)
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After connection pause was indicated, if the Connection Pause Time (CPT) interval has elapsed, then connection
resume is triggered and the sender begins to transmit multicast data at the transmission rate of LQA. When connection
resume is indicated, ND packets will set the F bit of the header to '0'.

8.3.3 Troublemaker ejection

The sender or LO may invoke a troublemaker ejection to maintain the QoS status at a desired level and also to prevent
the connection status from being more severely degraded. A detailed scheme of the troublemaker ejection can be made
differently by implementations, based on the parameter status values provided in this Specification.

For example, a receiver may be ejected by its parent, if it has reported a parameter status value larger than
threshold_connection_pause several times more than a pre-configured threshold. The design and implementation of the
troublemaker ejection scheme must be done carefully, since the ejection operation may have significant impact on the
overgtHE€TPprotocot-betraviour:

8.3.4 Connection termination

The jpatural option for the connection termination is to terminate a connection when all the multicastcdatd have [been
trangmitted. In QoS management operations, connection termination is also triggered if the cofnéction statpis is
percgived as ‘unrecoverable'.

Conpection termination may be performed according to the request of the application. If the tohnection termination is
triggered, the sender transmits a CT packet to all the receivers, and closes the connection.

Conpection termination may also be triggered, based on the pre-configured Connection\Fermination Time (CTT). I this
case] connection termination is triggered if:

Subsequent connection pause occurs again within C77T from.gonnection resume.

The |CTT timer is activated when connection resume is indicated. Cdnné€ction termination may not be supportdd by
somg applications.

9 Timers and variables

The following are timers and variables used for QoS mat@gement.

9.1 Timers

a) ACK Generation Time (AGT) in seconds: Each receiver generates periodic ACK packet every |AGT
second, except for the first ACK packet. In ECTP-2, AGT is set to AGN seconds (see 8.2).

b) Connection Pause Time(CPT) in seconds: Once connection pause is indicated, the connection will pause
during CPT interyal\(see 8.3.2).

¢) Connection Tefmination Time (C77) in seconds: After connection resume is indicated, if the connegtion
pause occurs-again within CTT interval, connection termination is triggered (see 8.3.4).

d) QoS Menitforing Time (OMT) in seconds: Each receiver measures the experienced values for|QoS
parametets every OMT interval (see 8.2.2).

9.2 Operation variables

a) Aggregated parameter status values: Sender aggregates the parameter status values reported [from
receivers, which results in Tvalue, Dvalue, Jvalue, and Lvalue (see 8.2).

b) ACK Generation Number (AGN): Each receiver generates periodic ACK packet every AGT second. In
ECTP-2, AGT is set to AGN seconds (see 8.2). By default, AGN is set to 8.

c¢) Connection Status: For triggering the connection pause/resume, all the aggregated parameter status
values can be weight-averaged with the pre-configured parameter weights such as Tweight, Dweight,
Jweight, and Lweight. This results in Connection Status that represents overall status of the connection
(see 8.3.2).

d) Data Transmission Rate (DTR): Sender transmits multicast data at the rate of DTR (see 8.3.1).

e) Measured parameter value: Each receiver is required to measure the experienced value for QoS
parameters used in the connection. This results in measured parameter value (see 8.2).
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f)  Parameter status value: The measured parameter value is mapped onto a parameter status value, which
is an integer such as 0, 1, 2, or 3 (see 8.2).
g) Transmission Rate Decrease (TRD): DTR is decreased by TRD (see 8.3.1).
h) Transmission Rate Increase (7RI): DTR is decreased by TR/ (see 8.3.1).
1) Threshold rate increase: Threshold to increase data transmission rate (see 8.3.1).
7)) Threshold rate decrease: Threshold to decrease data transmission rate (see 8.3.1).

k) Threshold_connection_pause: Threshold to trigger the connection pause (see 8.3.2).
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Annex A

Interworking between ECTP and RSVP for resource reservation

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

P QoS can be guaranteed by interworking with RSVP/Intserv for network resource reservation protocols. Based on

the QoS parameter values, RSVP can configure its traffic descriptors if it is enabled in the network.

This
QoS
(see
nego
para
para
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ECT|

In c(
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delay
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The

annex describes how to use the RSVP signalling along with ECTP for resource reservation and how to map ECTP
parameters to RSVP traffic descriptors. All the schemes illustrated below presume the non-negotiation mode
7.1 and 8. 1), in which the QoS parameter values proposed by sender are enforced to all receivers without
tiation. How to use RSVP in the negotiation mode is for further study. However, even in the negotiation modg, the
meter mapping relationship between RSVP and ECTP is still valid. In this case, each of the 'negotiated' ECTP|QoS
meter values will be mapped onto the RSVP traffic descriptors.

ECTP QoS parameters

P QoS parameters and their target values are summarized as follows:
a) Throughput: CHQ, OT, and LQA;
b) Transit delay: OT and LQA;
¢) Transit delay jitter: OT and LQA;
d) Data loss rate: OT and LQA.

nclusion, at least from a point of view of the current RSVP technology, the transit delay, delay jitter and los$ rate
pt be explicitly supported by RSVP. The RSVP signalling just provides a strict guarantee of network-level dlelay
rement by using the reservation of bandwidth and handling traffic scheduler at intermediate routers on the jpath.
erm 'delay' defined in RSVP (network-level queuing delay) ig‘quite different from that in ECTP (end-to-end tfansit
). The following subclause gives a brief summary of RSVR gperations.

Overview of RSVP

RSVP (IETF RFC 2205, 2210, 2212) includes the following RSVP objects:
a) RSVP SENDER TSPEC;

b) RSVP ADSPEC;

¢) RSVP RECEIVER FLOWSPEC.

| RSVP SENDER_TSPEC

fraffic specification (TSPEC) of RSVP is an object that carries the traffic descriptors generated by a sender Within
SVP session. This objectincludes the following traffic descriptors:

a) Token bueket specification » and b, where 7 is a token generation or leaky rate, and b is a bucket deph;
b) Peaklraté p;
¢) Minimum policed unit mz;

d)_\ Maximum packet size M.

and

maxm

emis

The

- and p are measured in bytes per second and b, m and M are measured in bytes. The rates r and p are the meai

sion.

other parameters provide bounds on the packet length distribution within the flow. M is the maximum size of a

conforming packet and m is such that any packet whose size is less than m is treated by the network policer as if it were
of size equal to m. The m and M are not directly concerned with the ECTP.
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A.2.2  RSVP ADSPEC

The advertisement specification (ADSPEC) of RSVP is an object that carries information that is generated at either data
senders or intermediate network elements. The RSVP ADSEPC is flowing downstream towards receivers, and may be
used and updated inside the network before being delivered to receiving applications. This information includes both
parameters describing the properties of the data path, including the availability of specific QoS control services, and
parameters required by specific QoS control services to operate correctly. This object includes the following traffic
descriptors:

A.2.

This
REC
may

REC
REQ

R m
diffe
utiliZ
A2,

Figu

Ina
man;

a) Bandwidth of the link with the minimum available bandwidth on the end-to-end path.

b) End-to-end transmission delays except queuing delay; these delays can be measured by two error terms,
C and D. Error term C is the rate-dependent error term. It represents the delay a packet in the flow might

experience due to the rate parameters of the flow. Error term D is the rate-independent, per-element

error

term. It represents the worst-case non-rate-based transit time variation through the service element
generally determined or set to boot or configuration time.

B RSVP FLOWSPEC

object carries reservation request information generated by receivers, and consists of RECEWWER TSPE(
EIVER RSPEC. The information in the FLOWSPEC flows upstream from data receivers toward data sourc
be used or updated at intermediate network elements before arriving at the sending application.

EIVER RSPEC includes the following parameters:
a) R:areserved bandwidth;

b) S:aslack term.

st be greater than or equal to » of TSPEC. The slack term S is in‘microseconds. The slack term signifie]
rence between the desired delay and the delay obtained by usingya.reservation level R. This slack term c3
ed by the network element to reduce its resource reservation for.theassociated flow.

] RSVP API

re A.1 shows the implementation structure of RSVP in a'system.

QoS-Aware RAPI ~ =
application (RSVP AP)' T > RSVP daemon
A
User-level
Kernel-level
v
CB@Q, Seheduler...  |[===== RSVP kernel part
X.606.1_FA.1

Figure A.1 — RSVP implementation structure

system, RSYP operates with three modules: RSVP Kernel, RSVP daemon, and RSVP (RAPI). The RSVP K|
hges the data queuing and scheduling according to the requirements from the higher layer RSVP. The R

dae

applications, which ensures the RSVP operations to support the QoS requirements from the applications. ECTP

on“handles a signalling between RAPI and RSVP Kernel. The RAPI provides an interface with QoS-4

It is

and
es. It

EIVER TSPEC is identical to SENDER TSPEC except the MTU of the end-to,end/path. On the other hand,

5 the
n be

ernel
SVP
ware

QoS

characteristics will be integrated with and enforced to the RSVP-enabled networks via RAPIL.

The RAPI functions can be classified into two groups: the functions called by an application and the asynchronous
(upcall) routines delivered to an application by the RASP daemon.

Thes

20

e basic RSVP functions are as follows:
—  rapi_session(), which is used to establish an RSVP session;
—  rapi_sender(), which is used by a sender to send RSVP PATH messages;

—  rapi_reserve(), which is used to reserve by a receiver network resources;
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—  rapi_release(), which is used to terminate an RSVP session;

—  rapi_getfd() and rapi_dispatch(), which are used by application to get status information about RSVP via
the asynchronous upcall routines.

A3 An example of the parameter mapping between RSVP and ECTP

Table A.1 summarizes an example of the parameter mapping between RSVP and ECTP, which can be used for QoS
support along with the RSVP.

NOTE — A different mapping may also be used depending on implementation.

Table A.1 — Parameter mapping from ECTP to RSVP

RSVP parameters ECTP QoS parameter Description
p (TSPEC) CHQ throughput Directly mapped onto p
r (TSPEC) OT throughput Directly mapped onto r

(CHQ throughout — OT throughput) | Token bucket size is set arbitrarily based on

b (TSPEC) X an arbitrary time (1 ~ 3 seconds) ECTP throughput parameters

m (TSPEC) groe fﬁ%ﬁgxed header 20+ | pirectly mapped
ECTP MSS .

M (TSPEC) Directly mapped
(1024 bytes by default)

R (RSPEC) (CHQ throughput + OT throughput) | The Reservation is set to the mean value of the
/2 CHQ{and OT throughputs

S (RSPEC) 0 Slack term is not set

Whep ECTP daemon calls RSVP daemon, the ECTP QoS{parameters are mapped onto the RSVP TSPEC tfaffic
desctiptors such as p, r, b, m, M, as shown in the table. These TSPEC parameter values are delivered from sender to
receivers via RSVP PATH message.

Upon arrival of the RSVP PATH message at a receiver, the information in the SENDER TSPEC and ADSPEC objects
will pe passed across the RSVP API to the ECTP application. The application interprets the arriving informationf and
usesl|it to select the resource reservation paranieters. These parameters are composed into an RSVP FLOWSPEC agbject
and pwill be transmitted to the sender via(the'RSVP RESV messages. Bandwidth reservation R and the slack tefm S,
whidh are contained in the RSVP RSPEC object, will be mapped by using ECTP parameters, as shown in Table A.].

A4 A scenario of interworking between ECTP and RSVP

The ftarget values for each-E€TP QoS parameter can be used to construct an RSVP SENDER_TSPEC object. To do
this, Jan interface between\ECTP and RSVP is required so that the ECTP QoS parameter values are informed tp the
RSVP processor. TheZSENDER_TSPEC object will be delivered to receivers via RSVP PATH messages.

The ftime when EE€FP calls RSVP depends on implementation, but it is recommended that the ECTP sender invoke
RSVJP after sending CR packet and that a receiver do after reception CR packet. Figure A.2 illustrates a model of
interpvorking-between ECTP and RSVP.
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] Sender Receiver
Application Application
V'
ECTP ECTP
UDP RAPI RSVP RSVP RAPI UDP
A
IP 1P
RSVP PATH & RESV messages
ECTP packets
X.606.1 FA.2
Figure A.2 — Interworking model between ECTP and RSVP
As shown in the figure, communications between ECTP and RSVP are done via RSVP,API (RAPI). The ECTP s¢nder
trangfers information on QoS parameters to RSVP via RAPI, when it invokes RS¥P-daemon. Once RSVP is triggered
by ECTP, the RSVP communications will be done between sending RSVP daemon™and receiving RSVP daemons.|That
is, RBVP peering relationship will be established between the sender and receivers.
Duripg the ECTP connection, each RSVP module reports a status on the network resource reservation to its assodiated
ECTP daemon via RAPI. Such a status will inform about whether the\teservation has been done successfully or jn an
erroi| condition. An example set of RSVP status codes is as follows:
—  Status code 0: PATH events are indicated (used bysthe receiving RSVP).
—  Status code 1: PATH error events are indicated (used by the sending RSVP).
—  Status code 2: RESV events are indicated'(used by the sending RSVP).
—  Status code 3: RESV error events atg indicated (used by the receiving RSVP).
—  Status code 4: RESV_CONFIRM;events are indicated (used by the receiving RSVP).
The ECTP protocol core can obtain these status codes by using the RSVP asynchronous upcall functions from the RSVP
daenpon.
The procedures performed by ECTP.and RSVP modules for interworking between them can be summarized as follgws:
(1) The ECTP sender-fransmits CR packet to the receivers. The CR packet contains QoS element indicpting
QoS paramefer values required by application.
(2) The ECTP sender invokes its associated RSVP daemon.
(3) RSVP-sender constructs the PATH message that contains TSPEC parameters based on ECTP|QoS
parameters.
(4~RSVP sender transmits the PATH messages to the receivers periodically.
(5) If an RSVP PATH error is indicated, the RSVP sender reports the corresponding status code to HCTP

sender.

(6)
)

®)
€))

As soon as an ECTP receiver receives a CR packet, it invokes its associated RSVP receiver daemon.

Based on the PATH message received from the sender, a RSVP receiver construct receives the
corresponding RESV messages including RSPEC parameters. A part of information on RSPEC such as R
(bandwidth) and S (slack term) may be configured by interaction of RSVP receiver and ECTP receiver.

An RSVP receiver transmits the corresponding RESV messages to the sender.

When a RSVP RESV error is indicated, the RSVP receiver reports the corresponding status code to

ECTP receiver.

When ECTP receives status code from its associated RSVP, it may indicate the information to its application. The
detailed use of the status codes depends on implementations.

22
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Figure A.3 illustrates the ECTP and RSVP message flows between Sender and receivers. After transmitting a HB
packet, the ECTP sender can invoke an initial RSVP PATH message. The corresponding RSVP RESV messages will
arrive from the ECTP receivers. The subsequent RSVP PATH messages will be triggered and repeated along with the
periodic ECTP HB packets.

Sender One or more Receivers

-«
I |
PATH

b RESV

A\ 4

T — N s
PATH

»
>

< RESV

< RESV

T —— - N ©

PATH

< RESV "
RESV
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X.606.1_FA.3

Figure A.3 — Interworking model between ECTP and RSVP
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Annex B

Application Programming Interfaces

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

This annex specifies the application programming interfaces (API) for ECTP. The ECTP API described in this
Recommendation | International Standard can be used by applications that utilize the transport capabilities of ECTP

part

1 (ITU-T Rec. X.606 | ISO/IEC 14476-1) and ECTP part 2 (ITU-T Rec. X.606.1 | ISO/IEC 14476-2).

This API has been designed based on the Berkeley socket API functions. However, to differentiate the ECTP API from

the existing Berkeley socket functions, ECTP API functions are named with a prefix 'm' (e g, msocket)

B.1

B.1.
Tabl

Overview

API functions

e B.1 summarizes API functions used for ECTP.

Table B.1 - ECTP API functions

Function name Description
msocket () Creates a new multicast socket in the ECTP comimunication domain.
Mbind () Associates a set of local and group addressés/ports with the socket.
Mconnect () Sender initiates a connection creation fo’a Specified foreign address.

Late-joining receiver initiates a join.process.

maccept () Prospective receivers join the ECTP connection by accepting the connection creation
signal from the sender.

Msend () Sends application data to.a destination group.

Mrecv () Delivers received data-to application.
Delivers some iridication messages for control to application during the data transfer
phase.

mclose () Terminates.connection and releases socket.

mgetsockopt () Gets'socket and protocol options from kernel.

msetsockopt () Sets socket and protocol options to kernel.

B.1.] Use of ECTP API functions

Figu
term

24

Fe B.1 illustrates(an“€xample use of ECTP API functions. The sequences of API functions invoked are shoy
b of sender, recetver, and late-joining receiver.
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‘ msetsockopt() ‘
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msend() DATA mrecv() .=~ mrecv()

LEAVE

(CONN. TERMINATION)

mclose()

CONN. TERMINATION

mclose()
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Figure B.1 — Use of ECTP API

As shown in the figure, astéceiver takes different actions according to its node type: an early joiner or a late-joinef. An
earlyl joiner goes intp~the maccept mode after msetsockopt, while a late-joiner invokes mconnect funftion
diredtly. An early joihér may go into mconnect mode after a specified acceptance timeout duration, if it cgnnot
receive any connection creation indication signal.

B.2 ECTP API functions

B.2.1 = msocket()

To use ECTP, an application MUST invoke the msocket function firstly, which specifies the type of communication
protocol desired such as ECTP using IPv4, ECTP using [Pv6, ECTP using OSI protocols, etc.

int msocket (int family, int type, int protocol) ;

Parameter Description:
—  family: specifies the protocol family and is one of the constants shown in Table B.2;
—  ppe: specifies the type of socket and one of the constants shown in Table B.3;

—  protocol: is setto 0.

ITU-T Rec. X.606.1 (02/2003) 25


https://standardsiso.com/api/?name=4eb9c2ef5a49ea586e73bd47af6286b4

ISO/

IEC 14476-2:2003 (E)

Table B.2 — Protocol family constants used for msocket function

family Description
AF _INET IPv4 protocols
AF INET6 IPv6 protocols
AF_ISO OSI domain protocols

Table B.3 — fyype of socket used for msocket function

Tabl

fvl'\p npc{‘ri}'\ﬁnn
SOCK_ECTP1 socket for ECTP part 1
SOCK_ECTP2 socket for ECTP part 2

e B.4 shows the valid combinations, along with the actual protocol that is selected by the pair.

Table B.4 — Combinations of family and type for msocket function

type AF _INET | AF_INET6 AE~ISO
SOCK_ECTP1 ECTP1 ECTP1 ECTP1
SOCK_ECTP2 ECTP2 ECTP2 ECTP2

The msocket call returns non-negative descriptor if success, or —1 ondollowing cases as listed in Table B.5.
Table B.5 — Error codes for msocket call
Error code Description
EPROTONOSUPPORT The protocol type or the'specified protocol is not supported within this domain.
EMFILE The per-process descriptor table is full.
ENFILE The system file'table is full.
EACCES Permissionjto create a socket of the specified type and/or protocol is denied.
ENOBUF'S Insufficient buffer space is available.
B.2.] mbind()

The pbind function assighs)a set of local, group, control addresses, and the role of the node in the session to a sqcket.
Wit the Internet protoCels the protocol address is the combination of either a 32-bit IPv4 address or a 128-bit [[Pv6

addrgss, along with,a0-bit port number.

int| mbind (iRt~ msockfd, const struct sockaddr *laddr, socklen t laddrlen, const stjuct

sockaddr

role) ;

*saddr, socklen t gaddrlen, struct sockaddr *caddr, socklen t caddrlen, |[int

Parameter Description:

26

msockfd: is a socket descriptor that was returned by the msocket function;

laddr: is a pointer to a protocol-specific address to bind a local address to the above socket;
laddrlen: is the size of the above address structure;

gaddr: is a pointer to a protocol-specific address to bind a target group address to the socket;
gaddprlen: is the size of the group address structure;

caddr: is a pointer to a protocol-specific address to bind a control address to the socket;
caddrlen: is the size of the control address structure; and

role: specifies the role of this calling initiator such as TO, LO or LE.
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Table B.6 — role of the socket user for msocket function

role Description

TO Connection creator and sender as the owner in the ECTP communications.
LO Receiver taking a responsible for retransmissions in the tree-based hierarchy.
LE Receiver that is not designated LO.

An application can mbind a specific IP address and a group network address to its socket. The source and group
addresses must belong to an interface on the host.

The mbind call returns zero if success or —1 on the following reasons as listed in Table B.7.

Table B.7 — Error codes that mbind may cause

Error code Description
EAGAIN Kernel resources to complete the request are temporarily unavailable.
EBADF msockfd is not a valid descriptor.
ENOTSOCK msockfd is not a socket.
EADDRNOTAVAIL The specified address is not available from the local machine:
EADDRINUSE The specified address is already in use.
EACCES The requested address is protected, and the current user has inadequate permission to

access it.

EFAULT The address parameter is not in a valid part ef the user address space.
EROLE The requested role is not valid.
INOTE — The shaded error code is newly defined for ECTP.

B.2.] maccept()

Onlyf the passive session member like LE or LO can inveke this function. It can await sender's initiation for a spg¢cific
timeput via mset sockopt and informs whether the multicast connection has established or not.

int| maccept (int msockfd, struct sockaddr *raddr, socklen t *raddrlen) ;

Parameter Description:
—  msockfd: is a socket{descriptor that was returned by the msocket function;
—  raddr: returns the protocol address of the remote connection initiator (the sender or TO); and

—  raddrlen: ispointer to the size of the socket address structure pointed by raddr.

If mgccept is successtul, it returns the same value as the first argument, msockfd. After that, we call this return yalue
the donnected socket'déscriptor.

The paccepticall returns non-negative descriptor if success, or —1 on the following reasons as listed in Table B.8
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Table B.8 — Error codes used for maccept

Error code Description
EBADF The descriptor is invalid.
EINTR The maccept operation was interrupted.
EMFILE The per-process descriptor table is full.
ENFILE The system file table is full.
ENOTSOCK The descriptor references a file, not a socket.
EFAULT The addr parameter is not in a writable part of the user address space.
EWOULDBLOCK The socket is marked non-blocking and no connections are present to be accepted.
= CONNABORTED A connection arrived, but it was closed while waiting on the listen queue.
ECRTIMEOUT Indicates that the CR waiting time has expired.
INOTE — The shaded error code is newly defined for ECTP.

B.2.4 mconnect()
The mconnect function is used by TO or late joining LE to establish a connection.

int| mconnect (int msockfd, const struct sockaddr *daddr, sockle®/t daddrlen) ;

Parameter Description:
—  msockfd: is a socket descriptor that was returned by the msogket function;

—  daddr: is a pointer to a protocol-specific destination address. This address may be a group addregs (in
case that the calling initiator is TO), or a sender address (in case that the calling initiator is LO or LH);

—  daddrlen: is the size of daddr.

The mconnect returns zero if success or —1 in the abnormalscases as listed in Table B.9.

Table B.9 — Error numbers of mconnect function

Error code Description
EBADF msockfd is(not+a valid descriptor.
ENOTSOCK msockfd is a descriptor for a file, not a socket.
EADDRNOTAVAIL The-specified address is not available on this machine.
EAFNOSUPPORT Addresses in the specified address family cannot be used with this socket.
T SCONN The socket is already connected.
[ CONNREFUSED The attempt to connect was forcefully rejected.
ENETUNREACH The network is not reachable from this host.
EADDRINUSE The address is already in use.
EFAULT The name parameter specifies an area outside the process address space.
EATLREADY The socket is non-blocking and a previous connection attempt has not yet been completed.
EPENTED Indicates that the TO has declined LE's or LO's join request.
ETIMEDOUT Commection cstabiishmemnt timed out without estabisting a conmection. Tidicates that there
is no response from TO.
NOTE — The shaded error codes are newly defined for ECTP.

B.2.5 msend()
This msend function writes data from a buffer into the connected socket.

ssize t msend (int msockfd, const void *buf, size t buflen, int *flags) ;
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Parameter Description:

msockfd: is a socket descriptor that was returned by the msocket function;
—  buf: is a pointer to buffer to write from;

—  buflen: is the size of buf; and

—  flags: is not defined yet.

The msend returns the number of bytes written if success or —1 in the abnormal cases as listed in Table B.10.

Table B.10 — Error codes of msend

Error code Description

EBADF An invalid descriptor was specified.

EACCES The destination address is a broadcast address, and SO BROADCAST has not been.set on
the socket.

ENOTSOCK The argument msockfd is not a socket.

EFAULT An invalid user space address was specified for a parameter.

EMSGSIZE The socket requires that message be sent atomically, and the size,of thé message to be sent
made this impossible.

EAGAIN The socket is marked non-blocking and the requested operation would block.

ENOBUF'S The system was unable to allocate an internal buffer. The-operation may succeed when
buffers become available.

ENOBUFS The output queue for a network interface was full. This generally indicates that the interface
has stopped sending, but may be caused by transient congestion.

EPARTITIONED Indicates that the session has been partitioned

INOTE — The shaded error code is newly defined for ECTP.

B.2.¢ mrecv()
The fnrecv function is used to receive the multicast datayand indication signals for control purposes.

ssipe t mrecv (int wmsockfd, void _¥buf, size t buflen, int *flags, struct sockdddr
*fromaddr, socklen t *fromaddrlen) ;

Parameter Description:

—  msockfd: is a socket deseriptor that was returned by the msocket function;
—  buf: is a pointer t¢ buffer to read into;

—  buflen: is size ‘ofbuf;

—  flags: is notdefined yet;

—  fromaddpr: is a pointer to a protocol-specific address to specify the sender;
—  frowiaddrlen: is the size of fromaddr.

Wheh an application receives data from the buffer, it can identify the corresponding sender by using fromaddr.

The nrecv returns the number of bytes received if success. Otherwise it returns —1, if an error occurs or therq is a
conttelthessace-thatwill be-delivered-to-applcation—Errorcodesare listedin-TFable B
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