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Recommendation 1.371

TRAFFIC CONTROL AND CONGESTION CONTROL IN B-ISDN

(Geneva 1992)

1 introduction

The B-ISDN, which is based on the ATM technique, is designed to transport a wide variety of traffic
classes satisfying a range of transfer capacity needs and Network Performance objectives.

This recommendation describes Tratfic Control and Congestion Control procedures for the B-ISDN.

The main body describes the objectives and mechanisms of Traffic Control and
Congestion Control.

- Examples of application of the concepts are in Annexes.

In B-ISDN, congestion is defined as a state of Network Elements (e.g. switches, concentrators, cross-
connects and transmission links) in which the network is not ablé to meet the negotiated Network
Performance objectives for the already established connections and/or for the new connection
requests.

In general, congestion can be caused by :

. - unpredictable statistical fluctuations of traffic flows :
- fault conditions within the network.

Congestion is to be distinguished from the state where buffer overflow is causing cell losses, but still
meets the negotiated Quality of Service.

ATM Layer Traffic Control refers to the set of actions taken by the network to avoid congested
conditions.

ATM Layer Congestion Control refers to the set of actions taken by the network to minimize the
intensity, spread and duration of congestion. These actions are triggered by congestion in one or more
Network Elements.

1.1 General objectives

The primary role of Traffic Control and Congestion Control parameters and procedures is to protect
the network and the user in order to achieve Network Performance objectives. An additional role is to
optimize the use of network resources.

The uncertainties of broadband traffic patterns, Traffic Control and Congestion Control complexity
suggest a step-wise approach for defining traffic parameters and network Traffic Control and
Congestion Control mechanisms. This recommendation defines a restricted initial set of Tratfic Control
and Congestion Control capabilities aiming at simple mechanisms and realistic network efticiency.

It may subsequently be appropriate to consider additional sets of such capabilities, for which additional
traffic control mechanisms will be used to achieve increased network efficiency.
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The objectives of ATM layer Tratfic Control and Congestion Control for B-ISDN are as follows -

1.2

ATM layer Traffic Control and Congestion Control should support a set of ATM layer
Quality of Service (QoS) classes sufficient for all foreseeable B-ISDN services ; the

- specification of these QoS classes should be consistent with Network Performance in

draft recommendation 1.358B.

ATM layer Traffic Control and Congestion Control should not rely on AAL protocols which
are B-ISDN service specific, nor on higher layer protocols which are application specific.
Protoco! layers above the ATM layer may make use of information which may be
provided by the ATM layer to improve the utility those protocols can derive from the
network.

The design of an optimum set of ATM layer traffic controls and congestion controls
should minimize network and end-system complexity while maximizing network utilization.

Generic functions

To meet these objectives, the following functions form a framework for mahaging and controlling traffic
and congestion in ATM networks and may be used in appropriate combinations.

Network Resource Management (NRM) : Provisioning=may be used to allocate network
resources in order to separate traffic flows according to service characteristics.

Connection Admission Control (CAC) is defined as the set of actions taken by the
network during the call set up phase (or during call re-negotiation phase) in order to
establish whether a virtual channelvirtual path connection request can be accepted or
rejected (or whether a request for re-allocation can be accommodated). Routing is part of
Connection Admission Control actions.

Feedback controls are defined as the set of actions taken by the network and by the
users to regulate the traffic submitted on ATM connections according to the state of
Network Elements.

Usage/Network Parameter Control (UPC/NPC) is defined as the set of actions taken by
the network to monitor and contro! traffic, in terms of traffic offered and validity of the ATM
connection, at the user access and the network access respectively. Their main purpose
is to protect network resources from malicious as well as unintentional misbehaviour
which can affect the QoS of other already established connections by detecting violations
of negotiated parameters and taking appropriate actions.

Priority Control : the user may generate different priority traffic flows by using the Cell
Loss Priority bit (see recommendations 1.150). A congested Network Element may
selectively discard cells with low priority if necessary to protect as far as possible the
Network Performance for cells with high priority.

Other control functions are for further study.

As a general requirement, it is desirable that a high level of consistency be achieved between the
above traffic control capabilities.
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1.3 A Reference Configuration for Traffic Control and Congestion Control

The following reference configuration is used for Traffic Control and Congestion Control
(Figure 1/1.371).

Se Te Network A Inter-Network Network B
NNI
' ' . CAC . CAC
B-TE B-NT2 B-NT1 uprPcC . RM . RM
I . PC . PC
. others . others
Si Tg

B-TE I B-NT2 l

B-NT1
! I
UPC : Usage Paramster Control NPC : Network Parameter Control
CAC : Connection Admission Control RM :Resource Management
PC : Priority Control Cthers for further study

Figure 1/1.371 - Reference Configuration for Traffic Control and Congestion Control

Notes :
- NPC may apply as well at some intra-network NNIs.
- The arrows are indicating the direction of the cell flow.

14 Events, actions, time scales and response times

Figure 2/1.371 illustrates the time-scales over which various Traffic Control and Congestion Control
functions operate. The response time defines how quickly the controls react. For example, cell
discarding can react on the order of the insertion time of a cell. Similarly, feedback controls can react
on the time scale of round-trip propagation times. Since traffic control and resource management
functions are needed at different time-scales, no single function is likely to be sufficient.

TRAFFIC CONTROL AND
CONGESTION CONTROL FUNCTIONS RESPONSE TIME

Examplec

Cell discarding, Priority Control, /
Buffer Management and Call Service Discipline,
Trattic Shaping, UPC, ...

Cell / PDU
Insertion
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o
V)

Feedback Controls,... Round-trip
) Propagation Time
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Routing, Call Setup and Admission Control, '
Resource Allocatlon, ... )
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Call / Connection
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—
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-
N

—

Long Term Network Engineering Proceduraes,... I

Figure 2/1.371 - Control Response Times
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15 Quality of Service, Network Performance and Ceil Loss Priority

The ATM Layer Quality of Service is defined by a set of parameters such as delay and delay variation
sensitivity, cell loss ratio,etc. Other QoS parameters are for further study.

A user requests a specific ATM Layer QoS from the QoS classes which a network provides. This is
part of the Traffic Contract at connection establishment (see 2.3.1). It is a commitment for the network
to meet the requested Quality of Service as long as the user complies with the Traffic Contract. If the
user violates the Traffic Contract, the network need not respect the agreed QoS.

A user may request at most two different QoS classes for a single ATM connectioh, which differ with
respect to the Cell Loss Ratio objectives. The Cell Loss Priority bit of the ATM cell header allows for
two Cell Loss Ratio objectives for a given ATM connection.

Network Performance objectives at the ATM SAP are intended to capture the network ability to meet
the requested ATM Layer Quality of Service. It is the role of the upper layers, including the AAL, to
translate this ATM Layer QoS to any specitic application requested QoS.
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2 Traffic descriptors and parameters

Traffic parameters describe traffic characteristics of an ATM connection. Traffic parameters are
grouped into Source Traffic Descriptors for exchanging information between the user and the network.

Connection Admission Control procedures will use Source Traffic Descriptors to allocate resources
and derive parameters for the operation of UPC/NPC.

2.1 Definitions

211 Traffic parameters
A traffic parameter is a specification of a particular traffic aspect. It may be qualitative or quantitative.

Traffic parameters may for example describe peak cell rate, average cell rate, burstiness, peak
duration and source type (e.g. telephone, videophone).

Only Peak Cell Rate is presently defined in this recommendation.

Some of the above mentioned parameters are dependent (e.g. the burstiness with the average and
peak cell rate).

2.1.2 Traffic Descriptors

The ATM Traffic Descriptor is the generic list of traffic parameters which can be used to capture the
intrinsic traffic characteristics of an ATM connection.

Introduction of additional parameters to enhance the network resource management procedures or to
capture traffic characteristics of a new type of connection is left open for further study.

A description of the characteristics of the traffic that any given requested connection may offer has to
be provided by the user at the connection set-up phase.

A Source Traffic Descriptor is the set of traffic parameters belonging to the ATM Traffic Descriptor
used during the connection set-up to capture the intrinsic traffic characteristics of the connection
requested by the source.
2.2 Requirements
Any traffic parameter to be involved in a Source Traffic Descriptor should :

- be understandable by the user or his terminal : conformance should be possible :

- participate in resource allocation schemes meeting Network Performance requirements :

be enforceable by the UPC and NPC.

These criteria should be respected since users may have to provide these traffic parameters at
connection set-up. In addition, these traffic parameters should be useful to the CAC procedure so that
Network Performance objectives can be maintained once the connection has been accepted. Finally,

they should be enforceable by the UPC/NPC to maintain Network Performance in case of non-
compliant usage.
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2.3 User-Network Traffic Contract

2.3.1 Traftic Contract definition

CAC and UPC/NPC procedures require the knowledge of certain parameters to operate efficiently :
they should take into account the Source Traffic Descriptor, the requested QoS and the CDV tolerance
(see section 2.4) in order to decide whether the requested connection can be accepted.

The Connection Admission Control (CAC) and Usage/Network Parameter Control (UPC/NPC)
procedures are operator specific. Once the connection has been accepted, the value of the CAC and
UPC/NPC parameters are set by the network on the basis of the network operator's policy.

Note : All ATM connections handled by network Connection Related Functions (CRF) have to be
declared and enforced by the UPC/NPC. ATM Layer QoS can only be assured for compliant ATM
connections. As an example, individual VCCs inside a user end-to-end VPC are neither declared nor
enforced at the UPC and hence no ATM Layer QoS can be assured to them.

Traffic Descriptor. This is by means of a set of traffic parameters associated with the CLP=0
component and a set of traffic parameters associated with the CLP=0+1 component.

As indicated in section 1.5, the network provides an ATM Layer QoS for each of the components
(CLP=0 and CLP=0+1) of an ATM connection. The Traffic Contract specifies the particular QoS choice
(from those offered by the network operator) for each of the ATM connection components. There may
be a limited oftering of QoS specifications for the CLP=1 component.

Cell Loss Ratio objectives are for further study.

2.3.3 Impact of Cell Delay Variation on UPC/NPC and Resource Allocation

ATM Layer functions (e.g. cell multiplexing) may alter the traffic characteristics of ATM connections by
introducing Cell Delay Variation as illustrated in figure 3/1.371. When cells from two or more ATM

CDV is not bounded at a point where the UPC/NPC function is performed, it is not possible to design a
suitable UPC/NPC mechanism and to allocate resources properly. Therefore, it is required that a
maximum allowable value of CDV be standardized edge-to-edge, e.g. between the ATM connection
end-point and Tg, between Tg and an inter-network NNI and between inter-network NNIs (see
figure 1/1.371).
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Standardization of a number of CDV tolerance values less than the maximum allowable value of CDV
tolerance to apply to certain interfaces, e.g. on a subscription basis or on a per connection basis, is for
further study.

UPC/NPC should accommodate the effect of the maximum CDV allowed on ATM connections within
the limit resulting from the accumulated CDV allocated to upstream subnetworks (including CEQ).

Traffic Shaping partially compensates for the effects of CDV on the Peak Cell Rate of the ATM
connection. Examples of Traffic Shaping mechanisms are re-spacing cells of individual ATM
connections according to their Peak Cell Rate or suitable queue service schemes.

Values of the Cell Delay Variation are Network Performance issues (see draft recommendation 1.35B).

The definition of a Source Traffic Descriptor and the standardization of a maximum allowable CDV
may not be sufficient for a network to allocate resources properly. When allocating resources, the
network should take into account the worst case traffic passing through UPC/NPC in order to avoid
impairments to other ATM connections. This worst case traffic depends on the specific implementation
of the UPC/NPC. The trade-offs between UPC/NPC complexity, worst case traffic and optimization of
network resources are made at the discretion of network operators. The quantity of available network
resources and the Network Performance to be provided for meeting QoS requirements can influence
these trade-offs.

(Connection A, X Mbit/s)

AAL 48 octets, Y Mbit/s

* Note 1 W 277707 v (Connection B, Y Mbit/s)

___________ ——— e — Y Y . ATMSAP

T DATA_INDICATION

ATM

" Note 2 1 DATA_REQUEST

y
.~ - — PHY SAP
\\

PHY (] ] 222

Physicat Layer Overhead
DATA INDICATION
at the UPC

Figure 3/1.371 - Origins of Cell Delay Variation

Note 1 : ATM SDUs are accumulated at the upper layer service bit rate. Besides, CDV may also
originate in AAL mutitiplexing.

Note 2 : GFC delay and delay variation is part of the delay and delay variation introduced by the
ATM Layer.

Note 3 : CDV may also be introduced by the network because of random queuing delays which are
experienced by each cell in concentrators, switches and cross-connects.
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24 Trafflc Parameter specifications

Peak Cell Rate is a mandatory tratfic parameter to be explicitly or implicitly declared in any Source
Traffic Descriptor. In addition to the Peak Cell Rate of an ATM connection, it is mandatory for the user
to declare either explicitly or implicitly the Cell Delay Variation tolerance t within the relevant Traffic
Contract.

Additional standardized parameters beyond Peak Cell Rate which may be specified in the future
should provide for a significant improvement of network utilization.

2.4.1 Peak Cell Rate

The following definition applies to ATM connections supporting both CBR and VBR services.

The Peak Cell Rate in the Source Tratfic Descriptor specifies an upper bound on the traffic that can be
submitted on an ATM connection. Enforcement of this bound by the UPC/NPC allows the network
operator to allocate sufficient resources to ensure that the performance objectives (e.g. for Cell Loss

Ratio) can be achieved.

2411 Peak Cell Rate definition for a VPC/VCC

Location :
At the Physical Layer SAP for an Equivalent Terminal representing the VPC/VCC (this is
only a reference configuration : see figure 4/1.371).

Basic event :
Request to send an ATM_PDU in the Equivalent Terminal.

Definition :

The Peak Cell Rate of the ATM connection is the inverse of the minimum inter-arrival time
T between two basic events defined abcve. T is the Peak Emission Interval of the ATM
connection.

The Source Traffic Descriptor of the ATM connection currently reduces to the Peak Cell Rate defined
above.

It is noted that conformance control of the Peak Cell Rate by UPC/NPC requires that the CDV
tolerance 1 allocated to the upstream portion of the ATM connection be specified (see section 2.3.1)
Whether additional parameters may be usetul is for further study.

On a terminal with a single AAL and without ATM layer OAM flows, location and basic event are
equivalent to the following ones
Location :
At the ATM Layer SAP.
Basic event :
Request to send an ATM_SDU.

In order to properly allocate resources o a VPC/VCC, a Peak Cell Rate as defined above has to be
defined for each component of the ATM connection, i.e. the CLP=0 substream (not including the
OAM), the aggregate (CLP=0+1) substream and the OAM substream. The CDV tolerance accounts
for delay variation that will be present in respective cell substreams of the ATM connection. Their
values and interpretation are defined by algorithms described in the Annex 1/1.371.

Examples of application of the Peak Cell Rate definition to specific configurations are in
Appendix 1/1.371.
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24.1.2 Peak Cell Rate Granularity speclfication

Network functions such as UPC/NPC cannot be requested to handle every specific Peak Cell Rate
value but only a restricted, discrete and finite set of values. The ordered list of these values is referred
to as the ATM Peak Ceil Rate Granularity.

As the Peak Cell Rate definition, the Peak Cell Rate Granularity specification should also be based on
the Peak Emission Interval. '

The ATM Peak Cell Rate Granularity and its coding are for further study.

Traffic
Source 1

Equivalent

£l pryaical CEQ
C;nndneoc‘.::'n MU | Layer Functionalities
p " Functions generating
| cov Peak Cell Rate
i 147

upcC

Traftic
Source N

1/T  ATM Connection Peak Cell Rate

c Cell Delay Variation tolersnce
e==mp» ATM PDU DATA_REQUEST

Figure 4/1.371 - Reference Configuration and Equivalent Terminal for the Definition of the Peak Cell
Rate of an ATM connection

242 Other Traffic Parameters

For further study.
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3 Functions and procedures for Tratfic Control and Congestion Control

3.1 Introduction

Generic Tratfic Control and Congestion Control functions are defined as the set of actions respectively
taken by the network in all the relevant Network Elements to avoid congestion conditions or to
minimize congestion effects and to avoid the congestion state spreading once congestion has
occurred.

Under normal operation, i.e. when no network failures occur, functions referred to as traffic control
functions in this recommendation are intended to avoid network congestion.

However, congestion may occur, e.g. because of misfunctioning of traffic control functions caused by
unpredictable statistical fluctuations of traffic flows or of network failures. Therefore, additionally,
functions referred to as congestion control functions in this recommendation are intended to react to
network congestion in order to minimize its intensity, spread and duration.

3.1.1 Traffic Control and Congestion Controi functions

A range of traffic and congestion control functions will be used in the B-ISDN to maintain the QoS of
ATM connections.

The following functions are described in this recommendation.
Traffic control functions

i Network Resource Management (section 3.2.1).

i Connection Admission Control (section 3.2.2).

i Usage/Network Parameter Control (section 3.2.3).

v Priority Control and Selective Cell Discarding (section 3.2.4),

v Traffic Shaping (section 3.2.5).

vi Fast Resource Management (section 3.2.6).
Congestion control functions

vii Selective Cell Discarding (section 3.3.1).

viii Explicit Forward Congestion Indication (section 3.3.2).

Additional control functions may be used. Possible useful techniques 'that require further study to
determine details are -

ix Connection Admission Control that reacts to and takes account of the measured load on
the network.

X Variation of usage monitored parameters by the network. For example, reduction of the
peak rate available to the user.

xi Other traffic control techniques (e.g. re-routing, connection release, OAM functions) are
for further study.

The impact on standardization of the use of these additional techniques (e.g. the impact an ATM layer
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management, user-network signalling and control plane) requires further study.

Difterent levels of Network Performance may be provided on ATM connections by proper routing,
Tratfic Shaping, Priority Control and Resource Allocation to meet the required ATM Layer QoS for
these connections.

3.2 Traffic Control Functions

3.21 Network Resource Management
Use of Virtual Paths is described below. Other networking techniques are for further study.
3.2.1.1. Use of Virtual Paths

Virtuél Paths are an important component of Traffic Control and Resource Management in the B-
ISDN. With relation to Tratfic Control, VPCs can be used to :

- simplify CAC,
- implement a form of priority control by segregating traffic types requiring different QoS,

efficiently distribute messages for the operation of traffic control schemes (for example to
indicate congestion in the network by distributing a single message for all VCCs
comprising a VPC),

aggregate user-to-user services such that the UPC/NPC can be applied to the traffic
aggregate, '

- aggregate network capabilities such that the NPC can be applied to the traffic aggregate.

VPCs also play a key role in Network Resource Management. By reserving capacity on VPCs, the
processing required to establish individual VCCs is reduced. Individual VCCs can be established by
making simple connection admission decisions at nodes where VPCs are terminated. Strategies for
the reservation of capacity on VPCs will be determined by the trade-off between increased capacity
costs and reduced control costs. These strategies are left to operators’ decision.

The peer-to-peer Network Performance on a given VCC depends on the performances of the
consecutive VPCs used by this VCC and on how it is handled in CRF(VC)s (see figure 5/1.371).
It handled similarly by CRF(VC)s, different VCCs routed through the same sequence of VPCs
experience similar expected Network Performance - e.g. in terms of Cell Loss Ratio, Cell Transfer
Delay and Cell Delay Variation - along this route.

Conversely, when VCCs within a VPC require a range of QoS, the VPC performance objective should
be set suitably for the most demanding VCC carried. The impact on resource allocation is for further
study.

Combining common routing and Priority Control by CLP may be used by Call Admission Control for
services requiring a number of VCCs with low differential delays and different Cell Loss Ratios (e.g.
multimedia services).
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Figure 5/1.371 - Mapping Cell Loss Ratios for Virtual Channel Connections and Virtual Path
Connections

Notes :

- VCCs 1 and 2 experience a Network Performance which depends on Network Performance on
VPCs b and ¢ and on how these VCCs are handled by CRF(VC)s. It may differ from Network
Performance experienced by VCCs 3, 4 and 5, at least due to different Network Performances
provided by VPCs.

- VCCs 3, 4 and 5 experience similar Network Performances in terms of Cell Delay and Cell Delay
Variation if handled similarly by CRF(VC)s, whilst providing for two different Cell Loss Ratios by
using the CLP bit.

- On a user-to-user VPC, the QoS experienced by individual VCCs depends on CEQ traffic
handling capabilities.

On the basis of the applications of VPCs contained in 1.311 section 2.3.2, namely :

A) User-user application - the VPC extends between a pair of Tg reference points,

B) User-network application : the VPC extends between a Tg reference point and a
network node,

C)  Network-network application : the VPC extends between network nodes.

The above implies :

In case A : because the network has no knowledge of the QoS of the VCCs within the VPC, it is the

users responsibility to determine in accordance with the network capabilities the necessary QoS for
the VPC.

Incases B and G - the network is aware of the QoS of the VCCs carried within the VPC and has to
accommodate them.

Statistical multiplexing of VC links within a VPC where the aggregate peak of all VC links may exceed
the Vintual Path Connection capactty, is only possible when all Virtual Channel links within the Virtual
Path Connection can tolerate the QoS that results from this statistical multiplexing. The way this is
managed is for further study.

As a consequence, when statistical multiplexing of Virtual Channel links is applied by the network
operator, Virtual Path Connections may be used in order to Sseparate traffic thereby preventing
statisticat multiplexing with other types of traffic. This requirement for separation implies that more
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than one Virtual Path Connection may be necessary between network origination/destination pairs to
carry a tull range of QoS between them. Implications of this are for further study.

3.2.4.2 Other networking techniques

For further study.

3.2.2 Connection Admission Control
3.2.2.1 General

Connection Admission Control is defined as the set of actions taken by the network at the call set up
phase (or during call re-negotiation phase) in order to establish whether a Virtual Channel Connection
or a Virtual Path Connection can be accepted or rejected.

On the basis of Connection Admission Control in an ATM based network, a connection request for a
given call is accepted only when sufficient resources are available to establish the call through the
whole network at its required Quality Of Service (QoS) and to maintain the agreed QoS of existing
calls.This applies as well to re-negotiation of connection parameters within a given call.

In a B-ISDN environment a call can require more than one connection (e.g. for multimedia or
multiparty services such as videotelephony or videoconferencing). In this case, Connection Admission
Control procedures should be performed for each Virtual Channel Connection or Virtual Path
Connection.

Priority control using the CLP bit allows at most for two cell loss ratio objectives for ATM connections,
Delay sensitivity is part of the required QoS.

In the éase of an on-demand service, the connection establishment procedures will enable CAC to
derive at least the following information :

- Source Traffic Descriptors :

- required QoS class.
In the case of permanent or reserved service (e.g. using a permanent Virtual Path Connection or a
permanent Virtual Channel Connection), this information is indicated with an appropriate OAM
procedure, either on-line (e.g. signalling) or off-line (e.g. service order) basis.

Connection admission control makes use of this information to determine :

- whether the connection can be accepted or not ;
- traffic parameters needed by usage parameter control :

- routing and allocation of network resources.

The role of priority control in connection admission control is for further study. Further information on
priority control can be found in section 324

3.2.2.2 Parameters for Connection Admission Control
3.2.2.21 Required QoS class

For a single ATM connection, a user indicates at most two QoS classes from the QoS classes which

the network provides, only differing by the Cell Loss Ratio. Specific QoS classes are the subject for
further study.
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3.2.2.22  Negotiation of traffic characteristics

The user will negotiate the traffic Characteristics of the ATM connections with the network at
connection establishment. These characteristics may be re-negotiated during the lifetime of the
connection at the request of the user. The network may limit the frequency of these re-negotiations,

The re-negotiation procedure and the impact on Network Element complexity require further study.
3.2.23 Resource Allocation

In order to ensure Network Pertormance and to protect the network, both CLP=0 and CLP=1 traffic
flows have to be allocated resources.

Different strategies of network resource allocation may be applied for CLP=0 and CLP=1 traffic flows.
In addition, information such as the measured network load may be used when performing CAC. This
may allow a network operator to achieve higher network utilization while still meeting the performance
objectives.

Resource allocation schemes are for further study. They may be left to network operators' decision.

3.23 Usage Parameter Control and Network Parameter Control

Usage Parameter Control (UPC) and Network Parameter Control (NPC) perform similar functionalities
at different interfaces : the UPC function is performed at the user-network interface, whereas the NPC
function is performed at the inter-network NNIs.

The use of a UPC function is recommended, and the use of an NPC function is a network option.
Whether or not the operator chooses to use the NPC function, the network-edge-to-network-edge and
user-to-user performance objectives still need to be met.

3.2.31 UPC/NPC Functions

Connection monitoring encompasses all connections crossing the UNI or inter-network interface
Usage Parameter Control and Network Parameter Control apply to both user VCCs/VPCs and

signalling virtual channels. Methods for monitoring meta-signalling channels and OAM flows is for
further study.

The monitoring task for usage parameter control and network parameter control is performed for
VCCs and VPCs respectively by the following two actions :

1 checking the validity of VP| and VG (i.e. whether or not VPIVCI values are
assigned), and monitoring the traffic entering the network from active VCCs in
order to ensure that parameters agreed upon are not violated ;

2 checking the validity of VPJ (i.e. whether or not VPI values are assigned), and
monitoring the traffic entering the network from active VPCs in order to ensure that
parameters agreed upon are not violated.

3.2.3.2 UPC/NPC Requirements

The need for and the definition of a standardized UPC/NPC algorithm requires further study. A number
of desirable features of the UPC/NPC algorithm can be identified as follows :

Recommendation 1.371 - 16428 - Geneva - June 1992




- capability of detecting any illegal traffic situation ;

- selectivity over the range of checked parameters (i.e. the algorithm could
determine whether the user behaviour is within an acceptance region) ;

- rapid response time to parameter violations X
- simplicity of implementation,
There are two sets of requirements relating to the UPC/NPC -

- those which relate to the quality of service impairments the UPC/NPC might
directly cause to the user cell flow ;

- those which relate to the resource the operator should allocate to a given
path/channel and the way the network intends to protect those resources against
misbehaviour from the user side or another network (due to fauit conditions or
maliciousness).

There is a practical uncertainty in determining the values of the controlled parameters. Hence, in order
to have adequate control performance, tolerances of controlling performance parameters need to be
defined. The definition of these tolerances is for further study.

Two performance parameters have been identified. They have to be considered when assessing the
performances of UPC/NPC mechanisms. Methods for evaluating UPC/NPC performance and the need
to standardize these methods are for further study.

Response time : the time to detect a given non-compliant situation on a VPC/VCC under
given reference conditions.

- Transparency : for the same set of reference conditions, the accuracy with which the
UPC/NPC initiates appropriate control actions on a non-compliant connection and avoids
unappropriate control actions on a compliant connection.

Additional UPC/NPC performance parameters are for further study.

A specific UPC/NPC mechanism may commit errors by taking policing actions on a compliant
connection, i.e. declaring a cell as non-compliant although the connection is actually compliant. It can
also fail to take the appropriate policing actions on a non-compliant connection.

Unappropriate actions of the UPC/NPC on a compliant connection are part of the overall Network
Performance degradation. Safety margins may be provisioned depending upon the UPC/NPC
algorithm to limit the degradation introduced by the UPC/NPC.

Policing actions performed on the excess traffic in case of Traffic Contract violation are not to be
included in the Network Performance degradation allocated to the UPC/NPC.

Impact of UPC/NPC on cell delay should also be considered. Cell delay and cell delay variation
introduced by UPC/NPC is also part of the delay and delay variation allocated to the network.

3.2.3.2.1 Performance of Peak Celi Rate UPC/NPC

A method to determine whether a traffic flow is conforming to a negotiated Peak Cell Rate at a given

interface is defined in draft recommendation 1.35B. Non-conformance is measurable by a 1 point-

An ideal UPC/NPC implementing the 1 point-measurement process would just take policing actions on
a number of cells according to this ratio. Atthough the process allows for a cell-based decision, it is not
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possible to predict which particular cells of a non-compliant connection will suffer from the policing
action (this is because of measurement phasing).

According to the definition of the conformance of a traffic flow to a Peak Cell Rate, the transparency of
a UPC/NPC mechanism can be defined by the accuracy with which this mechanism approaches the
ideal mechanism, i.e. the difference between the reference policing ratio w and the actual policing
ratio vp. A positive difference means that the UPC/NPC is taking less policing action than a
Mmeasurement process would do. A negative difference means that policing actions are unduly taken
by the UPC/NPC.

The exact way of measuring the transparency of a given mechanism for Peak Cell Rate UPC/NPC and
its dependence on time requires further study.

3.2.3.3 UPC location

Usage parameter control is performed on VCCs or VPCs at the point where the first VP or VC links
are terminated within the network. Three possibilities can be identified as shown in figure 6/1.371 :

o UPC(VC)
CASE A NT - —>\. UPC(VC)
CRF(VC)
UPC(VP) _~UPc(ve)
CASE B NT = = —2 UPC(VC)
CRF(VP)
. UPC(VP) To other user or
CASE C NT T — °© to other network provider
CRF(VP)
UNI VP
- vC
~ Ve
NT : Network Termination CRF(VC) : Virtual Channel Connection Related Function
CRF : Connection Related Function CRF({VP) : Virtual Path Connection Related Function

Figure 6/1.371 - Location of the Usage Parameter Control Functions

Notes :

-In case A, the VPI value does not identity a negotiated VPC.
- Provision of UPC at other locations is for further study.

Note : In the following cases, CRF(VC) stands for Virtual Channel Connection Related Function, and
CRF(VP) stands for Virtual Path Connection Related Function. A CRF(VC) or a CRF(FP) may
respectively be a VC or VP concentrator.

Case A (figure 6/1.371) : User connected directly to CRF(VC)
Usage parameter control is performed within the CRF(VC) on VCCs before the
switching function is executed (action 1, section 3.23.1)
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Case B (figure 6/1.371) : User connected to CRF(VC) via CRF(VP) :

Usage parameter control is performed within the CRF(VP) on VPCs only (actions
2, section 3.2.3.1) and within the CRF(VC) on VCCs only (action 1, section
3.23.1).

Case C (figure 6/1.371) : User connected to user or to another network provider via
CRF(VP) :

Usage parameter control is performed within the CRF(VP) on VPCs only {action 2,
section 3.2.3.1). VCC usage parameter control will be done by another network
provider when CRF(VC) is present.

3.2.34 NPC location

Network parameter control is performed on VCCs or VPCs at the point where they are first terminated
within the network. Three possibilities can be identified as shown in figure 7/1.371. This requires further
study.

o~ NPC(VC)
CASE A CRF —o, NPC(VC)
CRF(VC)
NPC(VP) _» NPc(ve)
CASE B CRF = o— — NPC(VC)
CRF(VP)
NPC(VP) To other user or
CASEC CRF = — ° " to other network provider
CRF(VP)
inter-network NNI
VP
o~ vC
~ Ve
CRF : Connection Related Function CRF(VC) : Virtual Channe! Connection Related Function

CRF(VP) : Virtual Path Connection Related Function
Figure 7/1.371 - Location of the Network Parameter Control Functions

Note : In case A and B the VP! value does not identify a negotiated VPC.

Note : in the following cases, CRF(VC) (resp. VP) stands for Virtual Channel Connection (resp. Virtual
Path Connection) Related Functions.

performed within the CRF(VC) before the switching function is executed (action 1, section
3.2.3.1).

Case A (figure 7/1.371) : Originating network connected directly to CRF(VC); NPC is

Case B (figure 7/1.371) : Originating network connected to the CRF(VC) via the CRF(VP):
NPC is performed within the CRF(VP) on VPCs (action 2, section 3.2.3.1) only before the
VP switching functions is executed and within the CRF(VC) on VCCs only (action 1
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section 3.2.3.1) before the switching function is executed.

Case C (figure 7/1.371) : Originating network connected to user or another network provider
via CRF(VP) : NPC is performed within the CRF(VP) on VPCs only (action 2, section
3.2.3.1). VCC Network Parameter Control is performed by another network provider when
CRF(VC) is present.

3.23.5 Traffic parameters subject to control at the UPC/NPC

Traffic parameters which may be subject to control are those included in the source traffic descriptor
(see Section 2). Whether all these parameters or a subset are subject to control depends upon CAC
and UPC/NPC mechanism. The peak cell rate has to be controlled for all types of connections.

3.2.3.6 UPC/NPC actions

The UPC/NPC is intended to control the traffic offered by an ATM connection to ensure compliance
with the negotiated Traffic Contract. The objective is that a user will never be able to exceed the
Traffic Contract.

At the cell level, actions of the UPC/NPC function may be :

a- cell passing ;

b- cell re-scheduling (when traffic shaping and usage parameter control are combined,
optional) ;

C- cell tagging (network operator optional) ; cell tagging operates on CLP=0 celig only, by
overwriting the CLP bitto 1 :

d- cell discarding.
Cell passing and cell re-scheduling are performed on cells which are identified by a UPC/NPC as
compliant. Cell tagging and cell discarding are performed on cells which are identified by a UPC/NPC
as non-compliant. ‘

The specific monitoring actions to be taken depend on the access network configuration.

Beside the above actions at the cell level, as an option, one other action performed at the connection
level may be initiated by the UPC/NPC -

releasing the connection.

When Mc
to CLP=0 and CLP=1 traffic flows as described in section 3.2.2.3. By controlling CLP=0 and CLP=0+1

A cell identified as non-compliant by the UPC/NPC function performed on the aggregate CLP=0+1
flow is discarded.

When no additional network resource has been allocated for CLP=1 traffic flow (either on user request
or due to network provisioning), CLP=0 cells identified by the UPC/NPC as not compliant are
discarded. In this case, tagging is not applicable.
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Since cell sequence integrity is maintained on any ATM connection, the UPC/NPC including its
optional tagging action must operate as a single server using First In First Qut (FIFO) service
discipline for each ATM connection.

A. No cell tagging
Te

1l
or.
,. Z o]
Inter-Network
NNi
ol —JP,?

Compliance Test for

-t

Parameter P
. —f Cell discard
B. Cell tagging 1 |
Ts
0::!' Tagging x Po . 1?'
Inler-':i;‘sltwork . Po 5 ”%7

Figure 8/1.371 - Possible actions of the UPC/NPC

Section 3.2.3.2 addresses undue UPC/NPC actions on compliant ATM connections. This is part of the
Network Performance degradation allocated to the UPC/NPC and should remain of a very low
probability.

When the CLP capability is used by an ATM connection and the CLP=0+1 aggregate flow is not
complying to the Traffic Contract, the UPC/NPC function performed on the aggregate flow may discard
CLP=0 cells which were not considered in excess by the UPC/NPC function performed on the CLP=0
cell stream.

3.2.3.8 Relationship between UPC/NPC, OAM and Network Management
OAM alarm indications may be provided by the UPC/NPC to the user and to the Network Management
when enforcement actions occur on non-compliant VCCs/VPCs (e.g. cell discard). These alarm

indications may initiate other enforcement actions {e.g. connection release). This is for further study.

As the output flow of any UPC should conform with the contract negotiated at connection set-up,
alarms due to misbehaving users should not propagate through the network. This is for further study.

OAM information inserted at the ATM layer or above is part of the corresponding ATM connection.
Therefore, it will be subject to enforcement at the UPC/NPC and needs properly allocated resources.

The use of OAM cells for traffic control and resource management purboses (e.g. to estimate delay
and delay variation) is for further study.
3.24 Priority Control and Selective Cell Discard

Network Eiements may selectively discard cells of the lower priority flow while still meeting Network
PenO(mance objectives on both flows.
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3.25 Traffic Shaping

Traftic Shaping is a mechanism that afters the traffic characteristics of a stream of cells on a VCC or 3
VPC to achieve a desired modification of those traffic characteristics. Traffic shaping must maintain
cell sequence integrity on an ATM connection.

Examples of traffic shaping are peak cell rate reduction, burst length limiting, reduction of CDV by
suitably spacing cells in time, queue service schemes.

Itis an option that the traffic shaping be used in conjunction with suitable UPC functions, provided the
additional delay remains within the acceptable QoS negotiated at call set-up.

The options available to the Network Operator/Service Provider are the following :

- Re-shape the traffic at the entrance of the network and allocate resources in order to
respect both the CDV and the propagation delay allocated to the network.

- Dimension the network in order to accommodate the input CDV and provide for a shaper
at the output. ' .

- Dimension the network in order both to accommodate the input CDV and comply with the
output CDV without any shaping function.

Traffic shaping may also be used within the customer equipment or the terminal to ensure that the
traffic generated by the source or at the UNI is conforming to the traffic contract as defined by 1.35B,

Traffic shaping is an option for network operators and users.

-

3.2.6 Fast Resource Management

Fast Resource Management functions Operate on the time scale of the round-trip propagation delay of
the ATM connection. Potential fast resource management functions are for further study.

One possible Fast Resource Management function that has been identified is as follows - in response
to a user request to send a burst, the network may allocate capacity (e.g. bandwidth, buffer space) for
the duration of the burst. When a Source requests an increase of its Peak Cell Rate, it has to wait until
resources have been reserved in all Network Elements along the ATM connection before the new
Peak Cell Rate can be used. UPC/NPC parameters would be adjusted accordingly.

3.3 Congestion Control functions

For low priority traffic, some adaptive rate control facilities at the ATM layer or above may be used.
Such cell-based reactive techniques are for further study.

The following congestion control functions have been identified. Other congestion control functions are
for further study.

3.3.1 Selective Cell Discard
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3.3.2 Explicit Forward Congestlon indication

The EFCl is a congestion notification mechanism which may be used to assist the network in
avoidance of and recovery from a congested state. Since the use of this mechanism by the CEQ is
optional, the network operator should not rely on this mechanism to control congestion.

A network element in a congested state may set an explicit forward congestion indication in the cell
header so that this indication may be examined by the destination CEQ. For example, the end users
CEQ may use this indication to implement protocols that adaptively lower the cell rate of the
connection during congestion. A network element that is not in a congested state will not modify the
value of this indication.

The mechanism by which a network element determines whether it is congested is an implementation
issue.and is not subject to standardization. The mechanism by which the congestion indication is used
by the higher layer protocols in the CEQ is for further study.

The impact of explicit forward congestion indication on the Traffic Control and Congestion Control
functions requires further study.

3.3.3 Reaction to UPC/NPC failures

Due to equipment faults (e.g. in usage parameter control devices and/or other network elements) the
controlled traffic characteristics at the UPC/NPC could be different from the values agreed during the
call set-up phase. To cope with these situations, specific procedures of the management plane should
be designed (e.g. in order to isolate the faulty link). The impact of these malfunctioning situations on
the usage parameter control needs further study.
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Annex 1 to Recommendation 1.371

PEAK CELL RATE CELL MONITOR ALGORITHMS
ACCOUNTING FOR CELL DELAY VARIATION TOLERANCE

This Annex provides two examples of algorithms that may be useful in monitoring the Peak Celi Rate
1/T of an ATM connection while taking into account a certain CDV tolerance 1. No recommendation js
made that either of these algorithms be used for actual implementation.

A Virtual Monitor Algorithm  (which might be located within the Equivalent Terminal) determines
whether or not ATM_PDU Requests are compliant with the negotiated values of the Peak Cell Rate
Descriptor. it mirrors the Measurement Process of connection compliance shown in draft
recommendation |.358.

The Virtual Monitor Algorithm is described in figure 1/Annex 1 to 1.371. Two equivalent versions of this
algorithm are shown - the Virtual Scheaduling Algorithm and the Continuous State Leaky Bucket
Algorithm. In the first version, 1 is expressed in units of time. In the second one, the leaky bucket
Capacity measured in units of time is equal to Lg=T+1. ‘

I Amrival of a call at time ta

|

Compliant
Call

TAT=TAT+T
Compliant Calf

X=X"+T

LCT=ta
Compliant Caij
VIRTUAL SCHEDULING CONTINUOUS-STATE
ALGORITHM LEAKY BUCKET ALGORITHM
TAT  Theoretical Arrival Time X Value of the Laaky Bucket counter
ta Time of arrivai of a ce|| X auxiliary variable

LCT Last Compliance Tima
At the time of arrival ta of the first cell ) ) )
of the connection, TAT= ta At the lima of a'mvalfa of the first cel
of the connaction, X=0 ang LCT=t,

Figure 1/Annex 1 to 1.371 - Equivalent versions of the Peak Cell Rate Monitor Algorithm
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Annex 2 to Recommendation 1.371

LIST OF ABBREVIATIONS
AAL ATM Adaptation Layer
ATM Asynchronous Transfer Mode
CAC Connection Admission Control
CBR Constant Bit Rate
Ccbv Cell Delay Variation
CEQ Customer Equipment
CRF(VC) Virtual Channel Connection Related Functions
CRF(VP) Virtual Path Connection Related Functions
CLP Cell Loss Priority (bit)
CLR Cell Loss Ratio
EFCI Explicit Forward Congestion Indication
FIFO First In First Qut
FRM Fast Resource Management
GFC Generic Flow Control
NNI Network-Network Interface
NP Network Performance
NPC Network Parameter Control
OAM Operation And Maintenance
PDU Protocol Data Unit
PTI Payload Type Indicator
QoS Quality of Service
SAP Service Access Point
Sbu Service Data Unit
UNI User Network Interface
VBR Variable Bit Rate
VCC Virtual Channel Connection
VCli Virtual Channel Identifier
VPC Virtual Path Connection
VPI Virtual Path Identifier
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Appendix 1 to Recommendation 1.371

EXAMPLES OF APPLICATION OF THE
EQUIVALENT TERMINAL
FOR THE PEAK CELL RATE DEFINITION

An Equivalent Terminal has been used in section 2.4.1 of this recommendation to define the Peak Cell
Rate of an ATM connection. The following two examples intend to clarify the concepts of Peak
Emission Interval T and the Cell Delay Variation tolerance TatTg.

For sake of simplicity, the transmission rate at Tg is approximated by 150 Mbit/s. A is the cell cycle
time at the interface at Tg.

The terminology used here is the one from the Virtual Scheduling Algorithm as shown on
figure 1/Appendix 1/1.371.

Configuration 1

This configuration (see Figure 1/Appendix 1/1.371) consists of a single terminal connected to Ty by a
point-to-point single VCC.

ATM_PDU Data_Requests are generated every T = 1.25A. This corresponds to a peak bit rate of
120 Mbit/s.

—

120 Mbit/s

[+ -

Sy Ts

Figure 1/Appendix 1/1.371 - Traffic Configuration 1

Peak Emission Interval T = 1.25 A
Peak Cell Rate = 1/T
CDV tolerance t needed at Tg=075A

Figure 2/Appendix 1/1.371 shows the basic events on a time scale and gives the needed CDV
tolerance 1 at Tg of configuration 1.
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PHY_SAP
Request to send an ATM_PDU

i ......... LN i ......... i ......... LTI i .........
\ l
\ Traffic offered at,Tg
Lo? [ 1 | 2 l 3 47 | 5 '
.~ | ta)
I 7 VXK S
7 \ N, TAT()
i upon celt arrival
o ! ! ! ' -y | t
i i H N ] ]l 1
A 24 3A 44 sb jGA 74 .
| .
T=1.25A C=3/44

Figure 2/Appendix 1/1.371

- llustration of CDV tolerance 1 for Traffic Configuration 1

Configuration 2

This configuration (see Figure 3/Appendix 1/1.371)

consists of three terminals, each offering traffic on

different VCCs. These three VCCs are multiplexed in the CEQ on to a VPC.

Terminals generate ATM_PDU Data_Requests every 10A, 5A and 10 A respectively, corresponding
to 15 Mbit/s, 30 Mbit/s and 15 Mbit/s peak bit rates respectively.

The Peak Emission Interval of the resul
60 Mbit/s.

ting VPC is T = 2.5 A, which corresponds to a peak bit rate of

VCCa
15 Mbit/s | TET VPC
Sg 60 Mbit/s
cea ||
30 Mbit/s Muitiptexing
Sg TB
VCCec
15 Mbit/s TE1
Sy

Figure 3/Appendix 1/1.371 - Traffic Configuration 2

Peak Emission Interval T= 2.5 A
Peak Cell Rate = 1/T
CDV tolerance t needed at Tg=34A
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Figure 4/Appendix 1/1.371 shews the basic
corresponding to configuration 2.

events and the needed CDV tolerance 1 at Tg

This figure and the used terminology are similar to figure 2/Appendix 1/1.371.

PHY_SAP
Request to send an ATM_PDU

Traffic offered at Tg
'aol'b()'co o

l_j =
' b1 L1 a1 I b2| c1 L !—E,
~ L ta (i)
| \‘ ~ \‘ | \}‘ ~N \- TAT(i]
i T upon cell arrival
' [
— : — | et
5A 10A J 1élA
I
T=2.54A

C=3A

Figure 4/Appendix 1/1.371 - Nustration of CDV tolerance 1 for Traffic Configuration 2
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