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Foreword

ISO

(the International Organization for Standardization) and IEC (the International EI

ectrotechnical

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

and T

techn

Intern

The
Stani;
an In

blogy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

on-governmental, in liaison with ISO and IEC, also take part in the work. In the field. ¢f information

Part 2.

ain task of the joint technical committee is to prepare International Standards. Draft| International
rds adopted by the technical committee are circulated to the member baodies for voting. Publication as
rnational Standard requires approval by at least 75 % of the member-bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this.doeiment may be the suljject of patent

rights
1ISO/I
Subc
ITU-T

I1SO/I
comn

— F

— F

ISO shall not be held responsible for identifying any or all such‘\patent rights.

. The identical text is published as ITU-T Rec. X.60651,

FC 14476 consists of the following parts, underythe general title Information technology
unications transport protocol:

art 1: Specification of simplex multicast transport

art 2: Specification of QoS management for simplex multicast transport
art 3: Specification of duplexcmulticast transport

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

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

FC 14476-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Informationy technology,
bmmittee SC 6, Telecommunications and information_éxchange between systems, in collaboration with

— Enhanced

© ISO/IEC 2003 — All rights reserved
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Introduction

This Recommendation | International Standard specifies the Enhanced Communications Transport Protocol (ECTP),
which is a transport protocol designed to support Internet multicast applications running over multicast-capable
networks. ECTP operates over IPv4/IPv6 networks that have the IP multicast forwarding capability with the help of
IGMP and IP multicast routing protocols, as shown in Figure 1. ECTP could possibly be provisioned over UDP.

ECTP is targe
part of ECTP

a simplex mul
maintenance d
ECTP part 1
International §
functions resp
N-plex case (}

In ECTP, all
members defii
enrolment pro
addresses and
connection is ¢

The sender is
assigned the r
responsible fo
pause and resy

The sender tr
connection, bd
the desired qu
connection as

After the conn
monitors the s

The sender m4
received from

Internet Multicast Applications

Enhanced Communications Transport Protocol

UDP

TP ViTlticast

Figure 1 - ECTP model

ted to support tightly controlled multicast connections in simplex, duplex and N+plex applications,
part 2) specifies the QoS management functions for stable management of the QoS of connection us
icast connection. QoS management functionality consists of QoS negotiatiern; QoS monitoring, and
perations. The protocol procedures for reliability control in simplexmulticast transport are defin
(ITU-T Rec. X.606 | ISO/IEC 14476-1), which forms an integral-part of this Recommenda
tandard. Further parts of the standard will define control procedures and associated QoS managg
bctively for the duplex case (X.ectp-3 | ISO/IEC 14476-3 and Xyectp-4 | ISO/IEC 14476-4) and fc
[.ectp-5 | ISO/IEC 14476-5 and X.ectp-6 | ISO/IEC 14476-6):

This
Ers in
QoS
ed in
ion |
ment
r the

rospective members are enrolled into a multicast groupybefore a connection or session is created.
e an enrolled group. Each receiver in the enrolled group is referred to as an enrolled receiver.
Cess, each member will be authenticated. The group information, including group key and IP m
port numbers, will be distributed to the enrolled members during the enrolment process. An
reated for these enrolled group members.

at the heart of multicast group communications. A single sender in the simplex multicast connect

I overall connection management, by- governing the connection creation and termination, the conng
mption, and the late join and leave operations.

ggers the connection creation process. Some or all of the enrolled receivers will participate i
coming designated "active receivers”. Receivers active at this stage are able to participate in negot
hlity of service for theysession. Any enrolled receiver that is not active at this stage may participate

ection is created, the sender begins to transmit multicast data. While the connection is active, the s
atus of the-séssion via feedback control packets from the active receivers.

y take ‘a range of actions if network problems (such as severe congestion) are indicated by the fee

transmission t¢mporarily, or in the last resort, terminating the connection. |

active’receivers. These actions include adjusting the data transmission rate, suspending multicas

}‘ CTP

h late-joiner, but will‘have to accept the established QoS. An active receiver can leave the connectior].

"hose
the

ulticast

on is

ble of the connection owner, designated top owner (TO) in this Specification. The connection owner is

ction

h the
ating
n the

bnder

Iback
data

This QoS 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.

ITU-T Rec. X.606 | ISO/IEC 14476-1 provides a specification of various protocol operations for simplex multicast
transport.[ Those protocol operations include connection management such as connection creation/termiration and
connectiop pause/resume, membership management such as late join, user leave and membership tracking)|and error
control fof multicast data transport such as error detection and recovery.

This par{ of the Recommendation | International Standard provides a specification of Q0S$,manag¢ment for
accomplighing desirable quality of service in simplex multicast transport connection.

This Spedification describes the following QoS management operations:
) QoS negotiation

For QoS negotiation, this Specification assumes that a desired QoS level for multicast applicatipn service
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 propgses the target values of QoS farameters
obtained from the application's requirements, and then each<receiver can propose modified vajues based
on its system and/or network capacity. Sender arbitrates-the modified values proposed by |receivers.
Target values for QoS parameters can be used as input parameters for reservation of network repources.

b) QoS monitoring

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

c) 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 ¢f the data
transmission rate,* connection pause and resume, troublemaker ejection and connection tgrmination
operations. These QoS monitoring and maintenance functions, based on monitored paramefer status,
provide rate-based congestion control.

This Rec¢mmendation| International Standard is an integral part of ITU-T Recs X.606.x | ISO/IEC 14476, hich has
6 parts. All ofi—the protocol components, including packet formats and protocol procedures spgcified in
ITU-T Ree. 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


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

ISO/IEC 14476-2:2003 (E)

— 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) QoS negotiation; and

QoS arbitration
7 ~

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

This Recpmmendation | International Standard is described based on the concepts and terms,developged in the
specificatjon of simplex multicast transport on ECTP (ITU-T Rec. X.606 | ISO/IEC 14476-1).

a) application;
b) packet;

c) sender;

d) receiver;

e) tree;

f) parent; and
o) child.

33 Terms defined in this Recommendation | International Standard

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

a) QoS monitoring: Is the protocol opetation that is used to diagnose the current connection dtatus. For
QoS monitoring, each receiver is required to measure the experienced parameter values and to report
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 afl a desired
QoS level. Sender takes QoS maintenance actions based on the monitored status information.

4 Abbreviations

For the pyrposes of this Recemmendation | International Standard, the following abbreviations apply.

4.1 [Packet typés
ACK™ ,» Acknowledgment

CC 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

0D Quality oI dervice

RSVP  Resource Reservation Protocol

5 Conventions

In this R¢gcommendation | International Standard, the key words "MUST", "REQUIRED,'SHALL", "MU$T NOT",
"SHALL NOT", "SHOULD", "SHOULD NOT", "MAY", and "OPTIONAL" indicate requirement levels for fompliant
ECTP implementations.

6 Overview

This Recqmmendation | International Standard provides a specification ,of QoS management for one-to-many|(simplex)
multicast fransport connections. This Specification describes the following QoS management operations:

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

3) QoS maintenance.

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

managemgnt is enabled, sender must also specify,whether or not QoS negotiation will be performed in the cpnnection.
QoS monjtoring and maintenance operations are performed, only if QoS management is enabled.

Figure 2 {llustrates these QoS management:operations for the simplex multicast connection. In the figure, thg protocol
operation$ marked as dotted lines are speeified in ITU-T Rec. X.600 | ISO/IEC 14476-1.

ITU-T Rec. X.606.1 (02/2003) 3
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Connection Creation
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— QoS negotiation
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v
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v X.606.1_F02

Figure 2 — QoS management/in ECTP

, QoS represents the quality of service required for'satisfactory reception of application data at a r
psirable audio/video display quality for example~In this Specification, it is assumed that the QoS req
ication are expressed in terms of one or more QoS parameters such as throughput, transit delay, trg
data loss rate. Depending on the application's requirements, some of these QoS parameters may not
ction. For example, a non-real time service might not impose the transit delay requirement.

requirements of applications, sender will determine the target values for each QoS parameter. Hqg
application's requirements to (those target parameter values is outside the scope of this Spe
n programs could be used to0 catry out such mappings.

tiation is performed in the connection creation phase. Sender proposes the desired target values for
to all receivers by multicast. For throughput, three target values are specified: CHQ (controllg
T (operating target) and LQA (lowest quality allowed). For the other parameters such as transit del
r, and data loss ‘rate, only two target values are specified: OT and LQA.

Eceliver, to
uirements
nsit delay
be used in

'w to map
cification.

each QoS
d highest
Ay, transit

botiation is\enabled, each receiver can propose modifications to the sender's proposed parameter valyies. These

values will'be determined by considering the system capacity at the receiver side and network envi
ving(restrictions are imposed for modification of parameter values by receivers:

ronments.

1)\YOT values must not be modified by receivers;

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

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

!

Target values for QoS parameters

& o 9
X:606.1_F03

@ Target values proposed by sender

@ Reservation of network resources by receivet,
(3 Values modified by receiver

(4) Arbitration of the modified values by.sender

Figure 3 % QoS negotiation

After an [ECTP connection is created, and if QOS management is enabled, the QoS monitoring and mgintenance
operation$ are performed for the multicast data transmission. For QoS monitoring, each receiver is required tp measure
the paranjeter values experienced. Based on the measured values and the negotiated values, a receiver determines a
parameteq status value for each parameter-as an integer: normal (0), reasonable (1), possibly abnormal (2), orfabnormal
(3). Thesq status values will be delivered to the sender via ACK packets.

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

Figure 4 i]lustrates th€ QoS monitoring and maintenance operations described in this Specification.

ITU-T Rec. X.606.1 (02/2003) 5
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Figure 4 — Conceptual sketch of QoS monitoring and maintenance

kes QoS maintenance actions necessary to maintain the connection status\ata desired QoS level, ba
status values. Specific rules are pre-configured to trigger QoS mainténance actions such as data tra
fment, connection pause and resume, troublemaker ejection and conn@ction termination. Those actig
bserving how many receivers are in the abnormal or possibly abnormal state.

Components for QoS management

e describes the ECTP protocol components required for QoS management operations. All the comp
from those already defined in ITU-T Rec. X.606.]4SO/IEC 14476-1.

Connection information element

hows 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
Connection creation time ACK bitmap size Reserved

Figure 5 — Connection information element

bed on the
nsmission
ns will be

bnents are

For QoS fanagement, the ECTP sender specifies the following three fields in the 'Flags' byte:

7 6 5 3

N

Reserved CT

Retx | »
QoS |

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. The

default value is '0'.

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 this Spgcification, the following four QoS parameters are defined:
1) throughput (bytes per second);

) transit delay (millisecond);

3) transit delay jitter (millisecond);

4) data loss rate (percent).

Throughpjut represents an amount of application data output over a specific time périod. Target throughpul means a
throughpyt value required for desirable display of application data. Applications, 'geherate multicast data gnd ECTP
sender will transmit them, based on the target throughput value(s). Actual datayreception rate at receiver'y side will
depend 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.

Among them, the following inequalities must be enforced;"\LQA throughput < OT throughput < CHQ throughput.

Transit d¢lay represents end-to-end transmission time from a sender to a receiver. For desirable display of| multicast
data, the §ender may configure the following target\walues:

1) OT transit delay;
) LQA transit delay.

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

Transit d¢lay jitter represents variations of transit delay values. For desirable display of data, the sender may|configure
the following target values:

1) OT transit'delay jitter;
2) LQA-fransit delay jitter.

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

Data loss|rat€ is defined as a ratio of the amount of lost data over the amount of totally transmitted data. Fof desirable
display of data; thre serder may corntigure the fottowing target vatues:

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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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

parametets. describedin 72 As shown in Fignrp 6_the QoS element has a ]pngﬂ'\ of 28" hytes:

0 8 16 24 31
next element version ‘ QoS flags ‘ Maximum Segmerit,Size
CHQ throughput
OT throughput
LQA throughput
OT transit delay LQA transit delay
OT transit delay jitter LQA transit delay jitter
OT loss rate ‘ LQA loss rate reserved
Figure 6 — QoS extension_éléement
The folloyving parameters are specified:
a)  Next Element — Indicates the type of the nextelément 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 specify,if each of QoS parameters and MSS are used in the cpnnection.
Encoding of this byte is depicted in, the following figure. If a bit is set to '1', then the corresporlding QoS
parameter or MSS will be used.(The default value is '0' for each bit.
76543210
Reserved | E [D|C|B|A

1) A —thréughput;

2) B —transit delay;

3) (Cy> transit delay jitter;

4)\."D — data loss rate;

5) E —maximum segment size (MSS);

6) Reserved — is reserved for future use.

d) Maximum Segment Size (MSS) — Represents the maximum size of an ECTP segment or packet in unit of
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":

8 ITU-T Rec. X.606.1 (02/2003)
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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) LQA 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 parametérgy by a CR
packet in [the connection creation phase. In QoS negotiation, the QoS element is also used when a receiver pfjoposes its
own modjfied values to the sender. The negotiated QoS values will be announced to late-joiners via 'the JC pgacket and
to existing receivers via HB packets.

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

7.4 Acknowledgement element

For QoS fnonitoring, each receiver is required to measure the parameter values that'hdve been experienced. A|measured
parameter value is mapped to a parameter status value. A status value is an integer such as 0, 1, 2, or 3. A lafger status
value indicates a worse status for the connection.

The statug values are delivered to sender via ACK packets. The acknowledgement element of the ACK packdt contains
the status|values for QoS parameters used in the connection.

The acknpwledgement element specified in ITU-T Rec. X.606\] ISO/IEC 14476-1 is shown below. In the figure, the
'parametdr 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 'paragmeter 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

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

The CR packet contains a QoS element. This is used by the sender to propose (or impose) the target values df the QoS
parametey)s that are used in the connection. These values can be referenced by resource reservation mechapisms and
protocols) such as RSVP, if they are enabled in the network. If QoS negotiation is enabled, each receiver respdnds to the
sender with its own proposed values for QoS parameters, via a CC packet. The. 'Sender will arbitrate th¢ returned
proposals| and the arbitrated values for the QoS parameters will be delivered- to-receivers via HB packets. For a late-
joiner, thp target QoS parameter values currently being used in the cohnection (whether imposed or fpegotiated
originally]) are notified via a JC packet (see 8.1).

The target or negotiated values will be referred to in QoS monitoring*and maintenance operations. ACK ppckets are
used to cqnvey the status values for QoS parameters experienced at'the receiver side (see 8.2).

8 Procedures for QoS management

In ECTP,|the QoS management includes the following operations:
1) QoS negotiation, possibly with reservation of network resources;
2) QoS monitoring;

3) QoS maintenance.

QoS negdtiation is performed in the connection creation phase, while the QoS monitoring and maintenance pperations
will be dgne in the data transmission phase.

If QoS mgnagement is enabled-in the connection, the QoS monitoring and maintenance operations will be performed by
default. n the other hand, QoS negotiation is enabled only when the N bit in the 'Flags' byte of the gonnection
informatipn element is)set to '1'.

8.1 QoS megotiation

The ECTP sender transmits a CR packet to all receivers to start the connection creation phase. The CR packdt contains
the proposed (or imposed) target values for each QoS parameter such as CHQ, OT, and LQA. Each receiver can refer to
these target values for resource reservation (see 8.1.4). If QoS negotiation is enabled in the connection, the negotiation
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.
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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.

During QoS negotiation, receivers must not modify the OT value for each parameter.

The detailed 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: LQA'%e,) OTp, CHQo,
where LQAo < OTo < CHQo, and then transmits a CR packet with QoS extension” elemjent to all
receivers.

2) Receivers modify the parameter values:

In response to the target values proposed by sender, each receiver i can'propose the modifigd values:
LQA; and CHQ;. OTo value must not be changed. Thus, the following inequalities are enforced: LQAo <
LQA,; < OTo < CHQ; < CHQo for each receiver i. Each receiver delivers the modified values|to sender
via a CC packet.

3) Sender arbitrates the modified parameter values:
The sender arbitrates the modified parameter values proposéd‘by receivers as follows:
CHQmin = min CHQj;, for eachyreceiver i
LQAmax = max LQA,, for each receiver i
LQAmax and CHQmin are the negotiated parameter values that have resulted from QoS negotigtion.
4)  Sender announces the negotiated parametet 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, the sender
receiVeS CC pdbkclb ﬁum aﬂ Uf ilb Lhildlcll, dlld LhCll U‘Ul.dillb l.ht? dl‘UileLCL‘l Paldallicicl Vdiqu fUl (111 LilC lChCinlb.

8.1.3 [MSS negotiation

MSS represents the maximum packet size, which depends on Maximum Transmission Unit (MTU) for link layer
transmissjons. Typical MTU values are 1500 bytes for Ethernet, 1492 bytes for IEEE 802, 4352./bytes for HDDI, 576
bytes for|X.25, and so on. The MTU determines the frame size for the link layer transmissions, and henc¢ the MSS
value.

The defaylt MSS value of the ECTP is 1024 bytes, which supports most link types excépty X.25. If sender and/¢r receiver
cannot id¢ntify 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 transmits it to all the receivers.

2) Each receiver proposes its own MSS value via the CC packet. The MSS will be affected by the MTU of
the local network that the receiver belongs to. If thelreceiver's MSS is larger than the sender'y MSS, 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 IResource reservation

ECTP its¢lf cannot guarantee the QoS levels required*by applications. However, the target values of QoS farameters
can be usgd in the reservation of network resources such as Integrated Services with RSVP and Differentiateql Services
(Diffserv).

The RSVP model is a good match with the ECTP protocol, since the resource reservation is done in an ¢nd-to-end
manner. In networks where RSVP is"enabled, periodic RSVP PATH messages will be delivered to regeivers. In
response fo the PATH message, each teceiver sends periodic RSVP RESV messages to the sender via the mulficast data
path.

If RSVP is used with ECTP;the'target values of ECTP QoS parameters will be referenced in the configuratio of RSVP
traffic depcriptors for the RSVP TSPEC (or FLOWSPEC) contained in the RSVP PATH message. Thdse PATH
messages|will be issued\in accordance with CR packet and HB packets transmitted by the sender. It is notdd that the
RSVP m¢dules ar¢ managed separately from ECTP in end systems. This means that the resource reservation and
control fupctions:innRSVP will only be performed only by the RSVP daemons concerned.

Annex A|déscribes an example of interworking between ECTP and RSVP, along with a possible mappirlg scheme
between the-associated QCS and-traffie povomafovn

THoTSSOCTTHtoar TGO

The differentiated service model provides differentiated classes of service for IP 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

Each receiver reports the parameter status values to its parent by generating ACK packets. In ECTP-2, the ACK
generation rule is somewhat different from that specified in ECTP-1. In ECTP-2, AGT is set to equallA{GN. More
specifically, AGT is set to be 'AGN X 1 second, i.e., AGN seconds.' Accordingly, each receiver will generatp periodic
ACK packets for every AGT second. Setting of AGN is an implementation issue, but AGN is set t0)'8" by [default in
ECTP-2.

To generdte ACK packet, each receiver must keep a timer, QoS monitoring time (QMT), in‘seconds. The QMT timer
starts as qoon as the receiver completes the connection setup, i.e. after reception of CC onJC packet from the sender.
QMT tinjer increases monotonically as the connection progresses. That is, it will ‘not be refreshed during the
connectiof.

Each recejiver transmits an ACK packet to its parent if:

OMT % AGN = Child ID % AGN

This schefne 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 to 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 seconds, etc. It is noted in the example that the first ACK 'will be generated for data packets transmitted only during
3 seconds| not 8 seconds. However, the other succeedingACK packets are generated for the time intervgl of AGN
seconds. In this manner, each receiver will generate ACK-packets every AGN second, except for the first ACK] packet.

Each ACK packet conveys the measured parametér.§tatus value as described in 8.2.2.

8.2.2 easurement of QoS parameter values

For multicast data transmission, each.teéeiver measures the experienced values for each QoS parametef. All the
parameter| values are measured, recotdéd and calculated, until a new ACK packet is generated according to| the ACK
generation rule described above.(When it is time to send an ACK, a receiver calculates the parameter statug value for
the data ppckets received and galtected until then. After transmitting an ACK, the collected data is cleared and then new
data will be gathered and recorded for generating a new ACK.

8.2.2.1 ([Throughput

Throughpjut 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, 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 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
transit delay values of those received data packets.

an ACK packet, the currently

and jitter|values are updated. Just before a receiver generates
mapped t the parameter status value.

: averaged delay
measured.Valpe will be

>

8.2.3 Mapping to a parameter status value

The meagqured 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 juse of the
parametet in the connection is indicated (see 7.3).

Figure 9 iJlustrates the mapping from the measured value to a status value.

|OT — LQA|
LQA 2 OT

3 @ U (1) R 0)

A

| |
| |
| |
Abnormal : Possibly Abnormal Reasonable : Normal
: :
| |
| |
| |

X.606.1_F09
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
parameter] values. ECTP also uses avthreshold value to classify the status into normal (0), reasonable (1), possibly
abnormal((2), and abnormal (3). The threshold value is set to a median value between OT and LQA paramgter values
(i.e., [ILQA — OT| / 2), as showmin'the figure.

An initial| parameter status'wvalue is set to '0'. Once the measured value is obtained, the mapping to a paraméter status
value is dpne as follows:

[F "measured parameter value > OT, " then status = 0,

ELSE"[K "threshold < measured parameter value <OT," then status = 1;
FLSE 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._aggrggation of
ACK packets reported from its children every AGN seconds.

After aggregation of ACK packets, the sender simply takes an average value weighted by ARN/f.each child. That is,
Aggregated status value = the weighted sum of reported status values over ARN of the connection.

The sendgr obtains an aggregated status value for each QoS parameter. More specifically, the sender will have the
following|aggregated status values (if each of the parameters is used in the connectiony:

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 Jvalue;
d) aggregated status for data loss rate, denoted by Lvalue.

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

Sender mpy forward the monitored status information to the application. The monitored information is helpful for the
sending application to diagnose how well the connection is'being operated in terms of QoS, which may furthet be useful
for desigrling a billing/charging model.

The monftored information is also used in the-QoS maintenance. Among the monitored values, Lvalue i3 used for
adjustment of transmission data rate (see 8.3:1).)A weighted sum value for all the status values, Tvalue, Dvalye, Jvalue,
and Lvalie, can be used to trigger connectidn pause, troublemaker ejection and termination.

8.3 QoS maintenance

QoS mairjtenance is performedste maintain the quality of a connection at a desired level and to prevent the gqonnection
quality fr¢m being degraded below the negotiated QoS level.

Based on [the monitorediparameter status values, the sender will take the following QoS maintenance actions:
1) adjustment of data transmission rate;

2) (connection pause and resume;

39, troublemaker ejection;

4) connection termination.

Data rate adjustment is 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.
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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 pre-
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.

Every AGN second, the sender adjusts DTR, based on threshold rate increase, threshold rate,'detreasq, and the
monitored Lvalue as follows:

[F 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 Decrease\(TRD)}

Rate adjuptment variables such as 7R/ and TRD may be set based onnGHQ and LQOA throughput. For examples|
TRI = (CHQ — LQA) x 1/20
TRD = (CHQ — LQA) x 1/5

8.3.2 (Connection pause and resume

Connectign pause can be performed by the sender;to suspend the multicast data transmissions temporarily so as to
prevent the connection quality from being more seéverely degraded.

Connectiqn pause and resume may be perforimed, according to the request of application. In this case, the sending
application will trigger the connection. paiise, based on monitored parameter status values such as Tvalu¢, Dvalue,
Jvalue anfl Lvalue. If the connection pause is triggered, the sender transmits periodic ND packets with the F bjt set to 'l'
in the fix¢d header (see ITU-T Rec.-X.606 | ISO/IEC 14476-1). The sender must not transmit any new DT padket, while
the contrdl packets including HB.packets can be sent. Each receiver may also send control packets such as A

Connectign pause may alsq be¢ triggered, based on the pre-configured threshold _connection_pause. In this cape, only if
the monifored connectioinstatus value is larger than threshold connection pause, the ECTP sender will trigger the
connectioph pause. The suggested threshold _connection_pause value is 2.5.

For this pprpose,.Corinection Status value is calculated for all the monitored parameter status values as follow§.

Connection Status = Tweight X Tvalue + Dweight X Dvalue + Jweight X Jvalue + Lweighf|x Lvalue.

Each of the weight values must also be configured, along with threshold connection pause, where the following
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
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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
overall ECTP protocol behaviour.

8.3.4 Conmmectiom ternmimation

The naturfal option for the connection termination is to terminate a connection when all the multicast-data have been
transmittgd. In QoS management operations, connection termination is also triggered if the cofhgection| status is
perceived|as ‘unrecoverable'.

Connectiqn termination may be performed according to the request of the application. If the ‘Connection ternpination is
triggered,|the sender transmits a CT packet to all the receivers, and closes the connection.

Connectiqn termination may also be triggered, based on the pre-configured Connectiofi Termination Time (CTT). In this
case, confection termination is triggered if:

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

The CTT|timer is activated when connection resume is indicated. Connection termination may not be supported by
some applications.

9 Timers and variables

The folloying are timers and variables used for QoS management.

9.1 Timers

a) ACK Generation Time (AGT)“in seconds: Each receiver generates periodic ACK packet eyery 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 interval (see 8.3.2).

c) Connection Termunation Time (C77) in seconds: After connection resume is indicated, if the qonnection
pause occurs.again within CTT interval, connection termination is triggered (see 8.3.4).

d) QoS Meonitoring Time (OMT) in seconds: Each receiver measures the experienced valued for QoS
parameters every OMT interval (see 8.2.2).

9.2 Operation variables

A A 4ad s fodt 1 Q | 4 4] 4 fodts 1 4 d f
a) nssl usaL\,u lJCll AITIVIVID  Status  varulvs. ouvliuvl assl bdebD I Pal alrivier  status varuls lleU e rom

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).

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


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

ISO/IEC 14476-2:2003 (E)

Annex A

Interworking between ECTP and RSVP for resource reservation

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

ECTP 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 annex describes how to use the RSVP signalling along with ECTP for resource reservation and how to map ECTP
QoS parameters to RSVP traffic descriptors. All the schemes illustrated below presume the non-negotiation mode
(see 7.1 and 8.1), in which the QoS parameter values proposed by sender are enforced to all receivers without
negotiation. How to use RSVP in the negot1at10n mode is for ﬁlrther study However even in the negotlatlon mode, the
parametes Ash a4 o o he-negetiated-BCTP QoS
parametet values w111 be mapped onto the RSVP trafﬁc descrlptors

Al [ECTP QoS parameters

ECTP QofS parameters and their target values are summarized as follows:
a)  Throughput: CHQ, OT, and LQA;

b) Transit delay: OT and LQA;

c) Transit delay jitter: OT and LQA;

d) Data loss rate: OT and LQA.

In conclufion, at least from a point of view of the current RSVP technology, the transit delay, delay jitter anfl loss rate
cannot bq explicitly supported by RSVP. The RSVP signalling just provides a strict guarantee of network-1¢vel delay
requiremgnt by using the reservation of bandwidth and handling traffic scheduler at intermediate routers or] the path.
The term |delay' defined in RSVP (network-level queuing delay) i§ quite different from that in ECTP (end-to-¢nd transit
delay). The following subclause gives a brief summary of RSVR eperations.

A.2 Overview of RSVP

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

b) RSVP ADSPEC;

c) RSVP RECEIVER _FLOWSPEC.

A.2.1 |RSVP SENDER TSPEC

The traffif specification (TSREC) of RSVP is an object that carries the traffic descriptors generated by a senfler within
an RSVP kession. This object includes the following traffic descriptors:

a) Token bueket specification » and b, where 7 is a token generation or leaky rate, and b is a buckef depth;
b) PeakTate p;

c) Minimum policed unit mz;

d) " Maximum packet size M.

The r and p are measured in bytes per second and b, m and M are measured in bytes. The rates r and p are the mean and
maximum rates of the information flow, respectively, and b is a parameter that bounds the variability of the traffic
emission.

The 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) 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. It is

generally determined or set to boot or configuration time

A2.3 SVP FLOWSPEC

This objefct carries reservation request information generated by receivers, and consists of RECEIVER T
RECEIVER RSPEC. The information in the FLOWSPEC flows upstream from data receivers toward data
may be uged or updated at intermediate network elements before arriving at the sending application.

BPEC and
ources. It

RECEIVER TSPEC is identical to SENDER TSPEC except the MTU of the end-to-gnd: path. On the other hand,

RECEIVER RSPEC includes the following parameters:
) R:areserved bandwidth;

) S:aslack term.

R must bp greater than or equal to » of TSPEC. The slack term § is intmicroseconds. The slack term sig
differencq between the desired delay and the delay obtained by using a.reservation level R. This slack tet
utilized by the network element to reduce its resource reservation fop-the associated flow.

A24 SVP API

Figure A.|l shows the implementation structure of RSVP in a system.

QoS-Aware RAPI ~ =
application (RSVP AP S > RSVP daemon
A
User-level
Kernel-level
v
CBQScheduler...  |[===== RSVP kernel part
X.606.1_FA.1

Figure A.1 — RSVP implementation structure

In a systejn, RSYP operates with three modules: RSVP Kernel, RSVP daemon, and RSVP (RAPI). The RSY
manages [thedata queuing and scheduling according to the requirements from the higher layer RSVP. T

nifies the
m can be

/P Kernel
he RSVP

daemon handles a signalling between RAPIT and RSVP Kernel. The RAPT provides an interface with

oS-aware

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

P\S‘V P P‘ll alllbtl(l D ECTP Q\ls Pﬂl ‘llll\«t\rl “)\/a‘al ;Pt;\lll

p|(TSPEC) CHQ throughput Directly mapped onto p

r(TSPEC) OT throughput Directly mapped onto r

b|(TSPEC) (CHQ throughout — OT throughput) | Token bucket size is set arbitrarily based on
X an arbitrary time (1 ~ 3 seconds) ECTP throughput parameters

n} (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 th
/2 CHQ @nd OT throughputs

S| (RSPEC) 0 Slack term is not set

When E(QTP daemon calls RSVP daemon, the ECTP QoS+ parameters are mapped onto the RSVP TSPEC traffic
descriptoffs such as p, r, b, m, M, as shown in the table. These TSPEC parameter values are delivered from|sender to
receivers ia RSVP PATH message.

Upon arriyal of the RSVP PATH message at a receiver, the information in the SENDER TSPEC and ADSPHEC objects
will be pgdssed across the RSVP API to the ECTR application. The application interprets the arriving informption, and
uses it to pelect the resource reservation paramicters. These parameters are composed into an RSVP FLOWSPEC object
and will be transmitted to the sender viasthe RSVP RESV messages. Bandwidth reservation R and the sla¢k term S,
which arelcontained in the RSVP RSPEC ebject, will be mapped by using ECTP parameters, as shown in Table A.1.

A4

The target values for each(ECTP QoS parameter can be used to construct an RSVP SENDER_TSPEC obj¢ct. To do
this, an ifterface betweet ECTP and RSVP is required so that the ECTP QoS parameter values are informed to the
RSVP prdcessor. The’SENDER_TSPEC object will be delivered to receivers via RSVP PATH messages.

scenario of interworking between ECTP and RSVP

The time|when ECFP calls RSVP depends on implementation, but it is recommended that the ECTP sender invoke
RSVP affer sénding CR packet and that a receiver do after reception CR packet. Figure A.2 illustrates a|model of
interworkjngdetween ECTP and RSVP.
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] Sender Receiver
Application Application
ECTP ECTP
UDP RAPI RSVP RSVP RAPI UDP
A
P P
ROYN/D DAT O DAY
RSVPPATH-&RESV-essases
ECTP packets
.606.1_FA.2

Figure A.2 — Interworking model between ECTP and RSVP

As showr] in the figure, communications between ECTP and RSVP are done via RSVP API (RAPI). The EC
transfers fnformation on QoS parameters to RSVP via RAPI, when it invokes RSVP daemon. Once RSVP is
by ECTP,|the RSVP communications will be done between sending RSVP daenion and receiving RSVP daenions. That
is, RSVP peering relationship will be established between the sender and receivers.

During the ECTP connection, each RSVP module reports a status on themetwork resource reservation to its
ECTP dag¢gmon via RAPI. Such a status will inform about whether théreservation has been done successfullly or in an
error condition. An example set of RSVP status codes is as follows:

Status code 0: PATH events are indicated (used by:the 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 aré/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

daemon.

The procgdures performed by ECTP and RSVP modules for interworking between them can be summarized as

1)

2)
3)

4

The ECTP sender transmits CR packet to the receivers. The CR packet contains QoS element
QoS parameteryvalues required by application.

The ECTP-sender invokes its associated RSVP daemon.

RSVP)sender constructs the PATH message that contains TSPEC parameters based on E
parameters.

RSVP sender transmits the PATH messages to the receivers periodically.

TP sender
triggered

hssociated

the RSVP

follows:

indicating

CTP QoS

©)
(6)
)

®)
€))

ITan RSVP PATH error is indicated, the RS VP sender repoits the corresponding status code to ECTP

sender.

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.
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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

RESV
RESV.

CC

HB

PATH
RESV -
RESV

————.m P
PATH
RESV "
RESV

I —— L * MU
PATH TEAR

A\ 4

’ T A A

A

A

A

’A

X.806.1_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 Overview

B.1.1 API functions
Table B.1] summarizes API functions used for ECTP.

Table B.1 - ECTP API functions

Function name Description
msogket () Creates a new multicast socket in the ECTP conimunication domain.
Mbirnd () Associates a set of local and group addresses/ports with the socket.
Mcornect () Sender initiates a connection creationdo a specified foreign address.

Late-joining receiver initiates a joifnprocess.

macqgept () Prospective receivers join the<BCTP connection by accepting the connection creatjon
signal from the sender.

Mserpd () Sends application data to(d,destination group.

Mregv () Delivers received data fo application.
Delivers some-ifidication messages for control to application during the data transfer
phase.

mclgse () Terminates.connection and releases socket.

mgetffsockopt () Gets'secket and protocol options from kernel.

mseffsockopt () Sets socket and protocol options to kernel.

B.1.2 |Use of ECTP AP functions

Figure B.|l illustrates(an“example use of ECTP API functions. The sequences of API functions invoked are|[shown in
terms of gender, receiver, and late-joining receiver.
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‘ msocket() ‘
‘ mbind() ‘

;
‘ msetsockopt() ‘

mbind()

Y
msetsockopt()
CONN. maccept()
vy ESTABLISHMENT acceptance
mconnect() |[¢—m timeout
LATE JOIN
(CONN. ESTABLISHMENT) N

< =| mconnect() —‘

v DATA v v
msend() mrecv() -~ mrecv() ‘
LEAVE

(CONN. TERMINATION)

v

CONN. TERMINATION
mclose()

mclose()

X.606.1_FHB.1
Figure B.1 — Use of ECTP API

As showr] in the figure, a.reeciver takes different actions according to its node type: an early joiner or a late-joiner. An
early joirfer goes into~the maccept mode after msetsockopt, while a late-joiner invokes mconnect function
directly. An early goiner may go into mconnect mode after a specified acceptance timeout duration, if] it cannot
receive arly connection creation indication signal.

B.2 [EETP _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.
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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

type Description
SOCK ECTP1 socket for ECTP part 1
SOCK_ECTP2 socket for ECTP part 2

Table 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 AF (IS0
SOCK_ECTP1 ECTP1 ECTP1 ECTP1
SOCK_ECTP2 ECTP2 ECTP2 ECTP2

The msoqket call returns non-negative descriptor if success, or —1 onAollowing cases as listed in Table B.5.

Table B.5 — Error codes formsocket call

Error code Description
EPRJQTONOSUPPORT The protocol type or the specified protocol is not supported within this domain.
EMFILE The per-process descriptor table is full.
ENF]LE The system file table is full.
EACAES Permission.to create a socket of the specified type and/or protocol is denied.
ENOHUFS Insufficient buffer space is available.

B.2.2 mbind()

The mbinpd function assigns a set of local, group, control addresses, and the role of the node in the session t
With the [Internet protoeols the protocol address is the combination of either a 32-bit IPv4 address or a 12
address, along with aN6=bit port number.

int mbind (int> msockfd, const struct sockaddr *laddr, socklen t laddrlen, const
sockaddr/ *gaddr, socklen t gaddrlen, struct sockaddr *caddr, socklen t caddrie

a socket.
R-bit IPv6

struct
int

S

role ) ;

Parameter Description:
—  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;
—  gaddrlen: 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.
EBAQF msockfd is not a valid descriptor.
ENOTSOCK msockfd is not a socket.
EADRNOTAVAIL The specified address is not available from the local machine.
EADORINUSE The specified address is already in use.
EACQES 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 ofthe user address space.
EROLE The requested role is not valid.
NOTE — The shaded error code is newly defined for ECTP.

B.2.3 maccept()

Only the passive session member like LE or LO can inveke this function. It can await sender's initiation for|a specific
timeout vla mset sockopt and informs whether th¢-multicast connection has established or not.

int mag¢cept (int msockfd, struct seckaddr *raddr, socklen_ t *raddrlen) ;

Parametet 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: is a_pointer to the size of the socket address structure pointed by raddr.

If maccept is successful, it returns the same value as the first argument, msockfd. After that, we call this refurn value
the connelted socket descriptor.

The mac¢ept call returns non-negative descriptor if success, or —1 on the following reasons as listed in Tablg 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.
ECONNABORTED A connection arrived, but it was closed while waiting on the listen queue.
ECRTIMEOUT Tndicates that the CR walting time nas expired.
NOTE — The shaded error code is newly defined for ECTP.

B.24 mconnect()

The mcomnect function is used by TO or late joining LE to establish a connection.

int mcgnnect (int msockfd, const struct sockaddr *daddr, socklen\t daddrlen) ;

Parametet Description:

The mcompnect returns zero if success or —1 in the abnormal.cases as listed in Table B.9.

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

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

—  daddrlen: is the size of daddr.

Table B.9 — Error numbers of mconnect function

Error code Description
EBAQF msockfd isnot a valid descriptor.
ENOTSOCK msockfdis-a descriptor for a file, not a socket.
EADRNOTAVAIL The specified address is not available on this machine.
EAFNOSUPPORT Addresses in the specified address family cannot be used with this socket.
EISJONN The socket is already connected.
ECONNREFUSED The attempt to connect was forcefully rejected.
ENETUNREACH The network is not reachable from this host.
EADORINUSE The address is already in use.
EFAULT The name parameter specifies an area outside the process address space.
EALHEADY The socket is non-blocking and a previous connection attempt has not yet been complpted.
EDENIED Indicates that the TO has declined LE's or LO's join request.
ETIMEDOUT Connection establishment timed out without establishing a connection. Indicates 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

EBAQF Amrmvatd-descriptor- was spectied: ]

EACJES The destination address is a broadcast address, and SO BROADCAST has not bgen sl:t on
the socket.

ENOTSOCK The argument msockfd is not a socket.

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

EMSQSIZE The socket requires that message be sent atomically, and the size of'the message to be| sent
made this impossible.

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

ENOHUFS The system was unable to allocate an internal buffer. The©peration may succeed whep

buffers become available.

ENOHUFS The output queue for a network interface was full‘This generally indicates that the int¢rface
has stopped sending, but may be caused by trafisient congestion.

EPARTITIONED Indicates that the session has been partitioned

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

B.2.6 mrecv()
The mreg¢v function is used to receive the multicast data‘and indication signals for control purposes.

ssize t mrecv (int wmsockfd, void . ¥buf, size t buflen, int *flags, struct spckaddr
*fromaddy, socklen t *fromaddrlen) ;

Parametet Description:

—  msockfd: is a socket descriptor that was returned by the msocket function;
—  buf: is a pointer te.buffer to read into;

—  buflen: is size-of-buf,

—  flags: is notdefined yet;

—  fromaddr is a pointer to a protocol-specific address to specify the sender;

- fremaddrlen: is the size of fromaddr.

When an ppplication receives data from the buffer, it can identify the corresponding sender by using fromaddr

The mrecv returns the number of bytes received if success. Otherwise it returns —1, if an error occurs or there is a
control message that will be delivered to application. Error codes are listed in Table B.11.
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