The ATM Forum
Technical Committee

Inverse Multiplexing
for ATM (IMA) Specification
Version 1.1

AF-PHY-0086.001

March, 1999



AF-PHY-0086.001 Inverse Multiplexing for ATM Specification Version 1.1

© 1999 by The ATM Forum. This specification/document may be reproduced and distributed in whole, but
(except as provided in the next sentence) not in part, for internal and informational use only and not for
commercial distribution. Notwithstanding the foregoing sentence, any protocol implementation
conformance statements (PICS) or implementation conformance statements (ICS) contained in this
specification/document may be separately reproduced and distributed provided that it is reproduced and
distributed in whole, but not in part, for uses other than commercial distribution. All other rights reserved.
Except as expressly stated in this notice, no part of this specification/document may be reproduced or
transmitted in any form or by any means, or stored in any information storage and retrieval system, without
the prior written permission of The ATM Forum.

The information in this publication is believed to be accurate as of its publication date. Such information is
subject to change without notice and The ATM Forum is not responsible for any errors. The ATM Forum
does not assume any responsibility to update or correct any information in this publication.
Notwithstanding anything to the contrary, neither The ATM Forum nor the publisher make any
representation or warranty, expressed or implied, concerning the completeness, accuracy, or applicability of
any information contained in this publication. No liability of any kind shall be assumed by The ATM
Forum or the publisher as aresult of reliance upon any information contained in this publication.

The receipt or any use of this document or its contents does not in any way create by implication or
otherwise:

* Any express or implied license or right to or under any ATM Forum member company's patent,
copyright, trademark or trade secret rights which are or may be associated with the ideas, techniques,
concepts or expressions contained herein; nor

* Any warranty or representation that any ATM Forum member companies will announce any product(s)
and/or service(s) related thereto, or if such announcements are made, that such announced product(s)
and/or service(s) embody any or al of the ideas, technologies, or concepts contained herein; nor

* Any form of relationship between any ATM Forum member companies and the recipient or user of this
document.

Implementation or use of specific ATM standards or recommendations and ATM Forum specifications will
be voluntary, and no company shall agree or be obliged to implement them by virtue of participation in The
ATM Forum.

The ATM Forum is a non-profit international organization accelerating industry cooperation on ATM
technology. The ATM Forum does not, expressly or otherwise, endorse or promote any specific products or
services.

NOTE: The user's attention is caled to the possibility that implementation of the ATM interoperability
specification contained herein may require use of an invention covered by patent rights held by ATM
Forum Member companies or others. By publication of this ATM interoperability specification, no position
is taken by The ATM Forum with respect to validity of any patent claims or of any patent rights related
thereto or the ability to obtain the license to use such rights. ATM Forum Member companies agree to grant
licenses under the relevant patents they own on reasonable and nondiscriminatory terms and conditions to
applicants desiring to abtain such alicense. For additional information contact:

The ATM Forum Worldwide Headquarters
2570 West El Camino Redl, Suite 304
Mountain View, CA 94040-1313

Tel:  +1-650-949-6700

Fax: +1-650-949-6705

2 ATM Forum Technical Committee



Inverse Multiplexing for ATM Specification Version 1.1 AF-PHY-0086.001

Acknowledgments

The following people participated in the development of the IMA specification.

Richard Cam
Brian Carlton
Marian Chan
Ledie Callica
Gregan Crawford
Jim Frimmel
Andrew Green
John Guerrero
Amar Gupta
Frank Gurnee
Gary Hanson
Thomas W. Hill
Fred Kaudel
Andreas Klug
lan Lewis
Chris Martin
David McDysan
Michael Mroz
Richard Proctor
Reshad Rahman
Rick Raskin
Richard Vallée
Gerhard Vogt
David Wetle
Greg Wetzel
Stuart White

Richard Vallée, Editor

Rick Townsend, Stefan Wurster, and John Mick,
Contributing Chairmen of the PHY Physical Layer Working Group

ATM Forum Technical Committee 3



AF-PHY-0086.001 Inverse Multiplexing for ATM Specification Version 1.1

Abstract

The IMA Version 1.1 (v1.1) Specification is a revision of the IMA Version 1.0 (v1.0) Specification[10].
The purpose of thisrevision isto introduce the IMA PICS proforma and a new version of the IMA MIBs as
well as several minor corrections and clarifications to the content of IMA v1.0. It is recognized that
interoperability problems were generated by different interpretations of some IMA v1.0 requirements. For
this reason, the ATM Forum encourages the migration to IMA v1.1. The IMA v1.1 specification
increments the OAM Label value used in the IMA OAM cellsin order to differentiate v1.1 from v1.0 IMA
units.
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1. Introduction

This is the Inverse Multiplexing for ATM (IMA) specification, the purpose of which is to provide inverse
multiplexing of an ATM cell stream over multiple physical links and to retrieve the origina stream at the
far-end from these physical links. The multiplexing of the ATM cell stream is performed on a cell by cell
basis across the multiple physical links.

This specification is offered for private and public User-to-Network Interfaces (UNIs), Network-to-
Network Interfaces (NNIs) and Broadband Inter-Carrier Interfaces (BICIs). It defines a new sublayer
located between the Physical Layer Interface Specific Transmission Convergence (TC) sublayer and the
ATM layer: the IMA sublayer. This specification also defines modifications to the Interface Specific TC
sublayer on which the IMA sublayer is implemented. It also defines the IMA Management Information
Base (MIB) objects.

This specification does not deal with ATM layer functions such as, UNI/NNI/BICI implementation
requirements for signaling, traffic management, and OAM.

1.1 Overview of Inverse Multiplexing for ATM

A methodology is described which provides a modular bandwidth, for user access to ATM networks and
for connection between ATM network elements, at rates between the traditional order multiplex level. An
example is to achieve rates between the DS1/E1 and DS3/E3 levels in the asynchronous digital hierarchies.
DS3/E3 physical links are not necessarily readily available throughout a given network. Therefore the
introduction of ATM Inverse Multiplexers provides an effective method of combining the transport
bandwidths of multiple links (e.g., DSI/E1 links) grouped to collectively provide higher intermediate rates.

The ATM Inverse Multiplexing technique involves inverse multiplexing and de-multiplexing of ATM cells
in a cyclical fashion among links grouped to form a higher bandwidth logical link whose rate is
approximately the sum of the link rates. Thisisreferred to asan IMA group.

Figure 1 on page 12 provides a simple illustration of the ATM Inverse Multiplexing technique in one
direction. The same technique applies in the opposite direction.

IMA Group Physical Link #0 I:I IMA Group
PHY P PHY

Physical Link #1 I:l

[ < PHY P Py —> B [
Single ATM Cell Stream Original ATM Cell
from ATM Layer Stream to ATM Layer
Physical Link #2 -
PHY Pp{ PHY

IMA Virtual Link

Tx direction: cells distributed across links in round robin sequence
Rx direction: cells recombined into single ATM stream

Figure 1 Inverse Multiplexing and De-multiplexing of ATM Cells via IMA Groups

IMA groups terminate at each end of the IMA virtual link. In the transmit direction, the ATM cell stream
received from the ATM layer is distributed on a cell by cell basis, across the multiple links within the IMA
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group. At the far-end, the receiving IMA unit recombines the cells from each link, on a cell by cell basis,
recreating the original ATM cell stream. The aggregate cell stream is then passed to the ATM layer.

The IMA interface periodically transmits special cells that contain information that permit reconstruction of
the ATM cell stream at the receiving end of the IMA virtual link. The receiver end reconstructs the ATM
cell stream after accounting for the link differential delays, smoothing CDV introduced by the control cells,
etc. These cells, defined as IMA Control Protocol (ICP) cells, provide the definition of an IMA frame. The
transmitter must align the transmission of IMA frames on all links (shown in Figure 2 on page 13). This
allows the receiver to adjust for differential link delays among the constituent physical links. Based on this
required behavior, the receiver can detect the differential delays by measuring the arrival times of the IMA
frames on each link.

At the transmitting end, the cells are transmitted continuously. If there are no ATM layer cells to be sent
between ICP cells within an IMA frame, then the IMA transmitter sends filler cells to maintain a
continuous stream of cells at the physical layer. The insertion of Filler cells provides cell rate decoupling at
the IMA sublayer. The Filler cells should be discarded by the IMA receiver.

A new OAM cell is defined for use by the IMA protocol. This cell has codes that define it as an ICP or
Filler cell.

IMA Frame 2 IMA Frame 1 IMA Frame 0
ATM =« = |AaTM|AT™M| F |icP2] F LR F |aTM]| F |icPijAaTM]| =+ - F |aT™| F |icpo| LinkO
M-1 3 2 1 0 | M1 3 2 1 0 | M1 3 2 1 0
F ==« |icP2|AT™M| F F |ATM v ICPL|ATM |ATM |ATM |ATM| = = = |icPo|ATM| F F Link 1
F » =« |ATM|ATM]ICP2| F JATM| * - = F |AT™M JicPL|ATM |ATM LR F |ATM |ICPO|ATM Link 2
Time
ICP1|ICP Cell in Frame #1 F Filler Cell ATM | ATM Layer Cell

Figure 2 lllustration of IMA Frames

1.2 Terminology

This specification uses three levels for indicating the degree of compliance necessary for specific functions,
procedures, and coding associated with the IMA specification:

Requirement (R-x): functions, procedures, and coding necessary for operational compatibility.

» Conditional Requirement (CR-y): functions, procedures, and coding, necessary for operationa
compatibility if the specified optional function isimplemented.
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Option (O=2z): functions, procedures and coding that may be useful, but are not necessary for operational
compatibility.

A (R-x) at the beginning of the paragraph shall apply to all the requirements in that paragraph, unless
otherwise specified. The x, y, and z represent the order of the requirement, conditional requirement, and
option as they appear in this specification.
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2. Terms and Definitions

Term Definition

AAL ATM Adaptation Layer
Examples of AALsare AALL, AAL2, AAL3/4, and AALS.

Active Thisisalink state indicating the link is capable of passing ATM layer cellsin the specified
direction.

Anomaly Discrepancy between the actual and desired characteristic of an item. An anomaly may or
may not affect the ability of an item to perform arequired function (see [3]).

Asymmetrical Configuration where the IMA group is not required to configure IMA linksin both directions

Configuration of the physical links used by the IMA unit.

Asymmetrical Mode where the IMA group is alowed to carry ATM traffic over physical links on which the

Operation IMA linksin the both transmit and receive directions are not Active at the same time.

ATM Asynchronous Transfer Mode

ATM Layer Cdl Cells that are exchanged between the ATM layer and IMA sublayer.

AVCR Available Cell Rate

BICI Broadband Inter-Carrier Interface

B-ISDN Broadband I1SDN

Blocked Thisisagroup state indicating that the group has been inhibited.

Blocking Thistransitional state allows graceful transition into the Unusable state without loss of ATM
layer cells.

CAC Connection Admission Control

CBR Constant Bit Rate

CDhV Cell Delay Variation

CID Cédll Identification (ICP CID)

Clear Channel Facility

Thisisafacility to integrally carry al cells transmitted by an IMA unit up to the far-end IMA
unit located at the other end of the IMA virtual link. A clear channel facility can be bi-
directional or unidirectional. The use of unidirectiona clear channel facilitiesis allowed when
the IMA unit is running in the asymmetrical operation mode.

CLR

Cedll Loss Ratio

Config-Aborted

Thisisagroup state indicating that the group has rejected the group parameters proposed by
the FE IMA group.

CPE Customer Premises Equipment
CRC Cyclic Redundancy Check
CTC Common Transmit Clock configuration

Thisis aconfiguration where the transmit clocks of al the physical links within the IMA
group are derived from the same clock source.

Data Round-Robin

This represents the scheduler transmitting or receiving cells in around-robin fashion.

DCB Delay Compensation Buffer

Defect A defect isalimited interruption in the ability of an item to perform arequired function. It
may or may not lead to maintenance action depending on the results of additional analysis.
Successive anomalies of an item to perform arequired function are considered as a defect (see
[3]).

DSU Data Service Unit

DXI Digital eXchange Interface

ES Errored Seconds

Such as defined in ANSI T1.231[3]

ATM Forum Technical Committee
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Term Definition

Failure A failure is the termination of the ability of an item to perform arequired function (see [3]).

Fault A Fault is an implementation specific NE event triggered, e.g., due to wrong LSM behavior at
the FE. However, the Fault event does not include the detection of invalid ICP cell content.

FC Failure Count

FE Far-End

Filler cell Thiscell isused to fill in the IMA frame when no cells are available at the ATM layer. Itis
used for performing cell rate decoupling at the IMA sublayer (like Idle cell for single-link
interface).

GSM Group State Machine
This state machine defines the behavior of the IMA group.

GTSM Group Traffic State Machine
Thisis defined to indicate when traffic is exchanged with the ATM layer.

GWP Group Wide Procedure
This refersto the Group Start-up and LASR procedures performed by the IMA unit to
synchronize the activation of IMA links within the IMA group.

HEC Header Error Check

HSS| High Speed Serial Interface

ICO ICP Céll Offset

ICP cell IMA Control Protocol cell

IDCC IMA Data Cell Clock

IDCR IMA Data Cell Rate
This represents the rate at which IMA data cells should be exchanged between the IMA
sublayer and the ATM layer.

IEC Inter-Exchange Carrier

IESM IMA Error State Machine

IETF Internet Engineering Task Force

IFSM IMA Frame Synchronization Mechanism

IFSN IMA Frame Sequence Number

IMA Inverse Multiplexing for ATM

IMA frame The IMA frameis used as the unit of control in the IMA protocol. It is defined asM
consecutive cells, numbered 0 to M-I, transmitted on each of the N linksin an IMA group.
One of the M cells on each of the N linksis an ICP cdll that occurs within the frame at the
ICP cell offset position specified in the ICP cell (the offset may be different on different
links). The IMA frameisaligned on al links. "Aligned" means that it is transmitted
"simultaneously”. Differentia link delay can cause the reception to be "mis-aligned” in time:
the alignment is recovered by the mechanism of link delay synchronization. M is defined
during start-up: N is determined by the UM and the IMA link start-up procedure; and the ICP
"stuff" mechanism is a controlled violation of the IMA consecutive frame definition.

IMA group Group of links at one end used to establish an IMA virtual link to other end.

IMA link An IMA link corresponds to a unidirectional logical channel carried over one direction of a
clear channel facility. An IMA link isidentified by the value of the LID field contained in the
ICP cells carried over that IMA link.

IMA RR IMA Round-Robin
Thisisthe distribution or retrieval of ATM layer and Filler cells across the N links of an IMA
group, when Tx=0n or Rx=0n respectively.

IMA sublayer The IMA isasublayer part of the Physical layer and located between the interface specific

Transmission Convergence (TC) sublayer and the ATM layer.
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Term

Definition

IMA Super-Frame
(ISF)

IMA Super-Frame

Virtual frame composed of 256 IMA frames. The | SF starts with the IMA frame with
sequence number 0 and ends with the IMA frame with sequence number 255. The concept of
ISF is used in appendix to determine the maximum of the link differential delay that can be
supported by the IMA protocaol.

IMA virtua link Virtual link established between 2 IMA units over a number of physical links (IMA group).
In Group Thisisan event indicating that alink has been configured within an IMA group.
Inhibiting This represents the action to voluntarily disable the capacity of the group or the link to carry

ATM layer cells for reasons other than reported problems.

Insufficient-Links

Group state indicating that the group does not have sufficient linksin the Active state to be in
the Operational state.

ISDN Integrated Services Digital Network

ITC Independent Transmit Clock configuration
Thisis a configuration where there is a transmit clock of at least one link within the IMA
group that is not derived from a clock source different from some of the other transmit links.

ITU-T International Telecommunication Union - Telecommunication Standardization Sector

v ICP cdl Violations

LASR Link Addition and Slow Recovery procedure

Layer Management The Layer Management functions relate to processing of actions such as configuration, fault

Functions monitoring, and performance monitoring within the group.

LCD Loss of Cell Delineation defect
The LCD defect is reported when the OCD anomaly persists for the time specified in ITU-T
Recommendation 1.432 [30]. The LCD defect is cleared when the OCD anomaly has not been
detected for the period of time specified in ITU-T Recommendation 1.432.

LCD-RDI Loss of Cell Delineation Remote Defect Indicator
The LCD-RDI defect is reported to the FE when alink defect islocally detected. The LCD-
RDI defect is not aways required on the link interface.

LCR Link Cell Rate
Cell rate (cell/sec) over the portion of the single link bandwidth available for carrying cells.

LDS Link Delay Synchronization
The LDSisan event indicating that the link is synchronized with the other links within the
IMA group with respect to differential link delay.

LID Link Identifier
The LID field in the ICP cdll is used to identify an IMA link on which the ICP célls are
transmitted. The LID is been used to determine the round-robin order to retrieve cells from the
incoming IMA links at the IMA receiver.

LIF Loss of IMA Frame defect
The LIF defect is the occurrence of persistent OIF anomalies for at least 2 IMA frames.

Link In this specification, the term “link” referred to an IMA link, unless the context clearly refers
to aphysical link.

Link Defect A link defect is the occurrence of the persistent detection of an anomaly at the Interface

Specific Transmission Convergence sub-layer. LOS, LOF/OOF, AlS, LOC, and LCD defects
are examples of link defects reported at the Interface Specific Transmission Convergence sub-

layer.

Link Management

This function provides direct management of the physical links (e.g., DSI/E1 links).

LOC

Loss Of Continuity
Asdefined in ITU-T Recommendation 1.610[31].

ATM Forum Technical Committee 17



AF-PHY-0086.001

Inverse Multiplexing for ATM Specification Version 1.1

Term Definition

LODS Link Out of Delay Synchronization defect
The LODS isalink event indicating that the link is not synchronized with the other links
within the IMA group.

LOF Loss Of Frame

LOS Loss Of Signal

LSB Least Significant Bit

LS Link Stuff Indication

LSM Link State Machine

M IMA Frame Size

MIB Management Information Base

MSB Most Significant Bit

N Number of links configured in an IMA group

NE Near-End (local end)

Non Number of links passing ATM layer cellsin the transmitting or receiving direction.

NMS Network Management System

NNI Network-Node Interface

Not Configured Thisisagroup state indicating that the group does not exist yet.

Not In Group Thisis used as an event or a state indicating that alink is no longer configured within an IMA
group.

OAM Operations And Maintenance

OoCD Out of Cell Délineation anomaly
As specified in ITU-T Recommendation 1.432[30], an OCD anomaly is reported upon the
occurrence of Alpha(a) consecutive cells with incorrect HEC, and it is no longer reported
after detecting Delta(d) consecutive cells with correct HEC.

OIF Out of IMA Frame anomaly
The OIF isthe occurrence of IMA anomalies listed later in this specification.

OOF Out Of Frame

Operational Group state indicating than the group has sufficient links on both Tx and Rx directions to
carry ATM layer cells.

os Open System Interconnection

Physical Link Thisisthelink (and/or clear channel facility) being used by the IMA units to transmit and
receive ATM cells. The IMA unit may use physical linksin one or both directions.

PMD Physical Medium Dependent

ppm part per million

PRC Primary Reference Clock
Thistermis from ITU-T Recommendation G.811[23]. Thisis a synonym of PRS.

PRI Primary Rate Interface

PRS Primary Reference Source
Thistermisfrom ANSI T1.101[1]. Thisis a synonym of PRC.

Prx Minimum number of links required to be Active in the receive direction for the IMA group to
move into the Operationa state.

Prx Minimum number of links required to be Active in the transmit direction for the IMA group
to move into the Operational state.

QoS Quality of Service

RDI Remote Defect Indicator
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Term Definition

RFC notes Requests For Comments notes

RFI Remote Failure Indicator

RM cell Resource Management cell

RR Round-Robin

Rx Receive (side)

Rx=0n The IMA receiver is passing received ATM cellsto the ATM layer.

Rx Failed The Rx Failed condition is entered after a specified persistence of alink defect (e.g., LCD) or
an IMA defect (LIF or LODS). It causes the LSM to enter the Unusable state. The mechanism
isimplementation specific and can be processed independently from the failure definition.

SAR Segmentation And Re-assembly

SCCI field Status and Control Change Indication field

SES Severely Errored Seconds

SICP cell Stuff ICP cell
One of the 2 ICP cells comprising a stuff event.

SNMP Simple Network Management Protocol

Stuff event Thisisan repetition of an ICP cell over one IMA link to compensate for timing difference
with other links within the IMA group.

Start-up Thisisagroup state indicating that the group is waiting to see the FE in Start-up.

Start-up-Ack Thisisagroup transitiona state, when both groups are in startup and the FE group parameters
have been accepted.

Symmetrical Configuration where the IMA unit is required to configure an IMA link in each direction of

Configuration

the physical links configured to be used by the IMA unit.

Symmetrical Operation

Mode where the IMA group is only required to carry ATM layer cells on physical links on
which the IMA links in both the transmit and receive directions are Active.

TC Transmission Convergence

TRL Timing Reference Link
Thisisthelink selected as the reference to derive the IDCR.

TRLCR Timing Reference Link Cell Rate

Tx Transmit (side)

Tx=0n The IMA transmitter is sending ATM cells coming from the ATM layer.

UAS UnAvailable Seconds
Such as defined in ANSI TI1.231 [3].

UASIMA UnAvailable Seconds for IMA
Interval during which the IMA receiver is declared unavailable. The period of unavailability
begins at the onset of 10 contiguous SES-IMA, including the first 10 seconds to enter the
UAS-IMA condition. The period of unavailability ends at the onset of 10 contiguous seconds
with no SES-IMA, excluding the last 10 seconds to exit the UAS-IMA condition.

UM Unit Management
Entity managing a unit such asan IMA unit.

UNI User-Network Interface

Unusable Thisisalink state indicating the link is not in use to fault, inhibition, etc.

Usable Thisisalink state indicating the link is ready to operate in the specified direction, but it is
waiting to move to Active.

uus UnUsable Seconds

Number of seconds during which the link state is Unusable.
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Term Definition
VCI Virtua Connection Identifier
VP Virtual Path Identifier

20
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3.

IMA Objectives

The main objectives that guided the development of the IMA Specification are listed below. Only the
performance objectives applicable to the case where the IMA protocol is used over DSI/E1 physical links
have been identified. This does not preclude using the IMA specification at rates other than those supported
on DS1/E1 physical links.

Available for private/public UNIs and NNIs and BICls

Provide transport of a single ATM cell stream at rates between existing link rates (e.g., between
DS1/E1 and DS3/E3 rates)

Applicable over DS1/E1 or other interfaces carrying ATM cells
Operating on interfaces running at the same nominal link cell rate (LCR)
Provision bandwidth in physical link increments (e.g., DSI/E1 increments)

Provide transparent transport of the ATM layer and higher layer signals (including the preservation of
cell order, control of cell delay variation, cell format, etc.)

Use a cell based multiplexing technique for converting asingle ATM Stream into multiple lower speed
ATM streams to be sent over independent links and retrieving the initial ATM cell stream from the
links at the far-end

Maintain compatibility with current ATM Forum Physical Layer specifications (i.e., same transmission
convergence sublayer including the relevant transmission MIB)

Detect and reject lines with delay greater than the provisioned maximum differential delay tolerance
Add/delete links while maintaining the IMA group in service
Handle link failure and automatic link recovery

Support the use of leased and dial lines (e.g., ISDN lines) providing the same LCR, including links
running in configurations where not al of the transmit clocks of the links in the IMA group are derived
from the same source

Support symmetric and asymmetric IMA configurations, and symmetric and asymmetric IMA
operations

Support of all ATM traffic/QoS classes including CBR

When running over DS1/E1 physical links, the IMA interface should compensate for link differential
delays of at least 25 milliseconds

When running over DSV/E1 physical links, the IMA interface should contribute minimal CDV so asto
support an end-to-end service objective of 1 millisecond CDV

When running over DS1/E1 physica links, the IMA interface should exhibit cell level error
performance comparable to an individual DSV/EI physical link; the effects of both random and bursty
errors should be considered

Support system that can be easily integrated with current network management systems

Provide IMA status MIB - Management Information Base. This allows re-use of existing DSI/E1
Physical Layer devices
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4. |IMA Reference Models

This section provides reference models of involving the IMA praotocol.

4.1 IMA Sublayer in Layer Reference Model

Figure 3 on page 22 illustrates the layer reference model including the Inverse Multiplexing for ATM
(IMA) sublayer. It is based on the B-ISDN protocol reference model defined in ITU-T Recommendation
[.321 [27]. The IMA sublayer is part of the physical layer. It is located between the traditional
Transmission Convergence sublayer and the ATM layer.

The shaded areas of Figure 3 represent an overview of the IMA functions under the scope on this
specification. The functions appearing in the remaining areas are not under the scope of this specification.

User Plane Functions

Layer Management

Plane Management Functions

Functions
ATM
Layer
ATM cell stream splitting IMA connectivity IMA group configuration
and reconstruction ICP cell errors (OIF) Link addition/deletion
IMA Specific ICP cell insertion/removal LIF/LODS/RDI-IMA defect ATM cell rate change
Transmission Cell rate decoupling processing IMA group failure
Convergence IMA frame synchronization RDI-IMA alarm generation notification
Sublayer Stuffing Tx/Rx IMA link state report IMA statistics
Discarding of cells with bad
HEC
No cell discarding
Physical Interface No cell rate decoupling
Layer Specific Cell delineation HEC error indication LCD failure notification
Transmission Cell scram_bling & _ L_CD—RI_DI alarm generation TC statistics
Convergence descrambling (if reqt_ured) (if required)
Sublayer Header_error correction
(if required)
HEC generation/verification
Physical Bit timing Local alarm processing Link failure notification
Medium Line coding RDI alarm's generation PMD state
Dependent Physical Medium
Sublayer

Figure 3 IMA Sublayer in Layer Reference Model

4.2 Reference Model of Unit Operating the IMA Functions

This section describes the functions that characterize a unit that supports an IMA interface.

Figure 4 on page 23 shows the functional blocks of such unit. This specification only covers the IMA
functions and portions of the Link and Unit Management functions required managing the IMA interface.
All others are implementation dependent or defined in other ATM Forum specifications.
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PHY | Puy
Source Cell ' ' Cell Source
Interface Function MR PHY PHY MR Function Interface
PHY [P Phy
Link Link
Unit Mgmt Mgmt Unit
Management Management

Figure 4 Functional Blocks of Units Hosting an IMA Interface

The following sections describe in more details the functional blocks of a unit supporting IMA functions.

4.2.1 Source Interface

The Source Interface provides the connection (typically proprietary) to an interna data bus (e.g., an ATM
switch, router, and computer). The Source Interface might also be a standard interface (e.g., DXI over
HSSl). In the first case, the IMA functionality is integrated into a network element supporting other
functions and may therefore provide such (non-standardized) functions as integrated management. In the
second case, the IMA unit is a stand-alone unit.

There is no requirement that a particular Source interface be supported. The Source Interface choice is
vendor specific. There is also no requirement that the Source Interface, on one side, match the Source
Interface on the other side. For instance, one side could be a direct interface to a data busin an ATM switch
and the other could be an ATM DSU supporting the IMA function.

4.2.2 Cell Function
The Cell Function is dependent upon the Source Interface:

» If the Source Interface emits ATM cells, the Cell Function is null (traffic shaping, if any, maybe be
accomplished outside the unit). In this case, OAM cells, RM cells, etc., must be passed transparently
through the source interface.

» If the Source Interface does not emit ATM cells, the Cell Function must arrange for the output of the
source interface to be converted into ATM cells. Thereis no limitation on the Cell Function other than
it must emit ATM cells. This requirement does not preclude the Cell Function implementing traffic
shaping buffering for frames/cells, etc. Support within the cell function is an implementation issue
(e.g., OAM cell flows, RM cells, VPI/VCI to frame-level mapping).

» Thereis no requirement that the Cell Function on one side match the Cell Function on the other. For
instance, one side could not provide any function, as this would be the case with a direct interface to a
data bus in an ATM switch. The other side could fully support AAL1, AAL2, AAL3/4, and AALS
SAR functions, as this might be the case for an ATM DSU supporting the IMA functions.

4.2.3 Inverse Multiplexing

The main Inverse Multiplexing function is to control the distribution of cells onto the group of physical
links made available to the IMA interface. Other main functions include handling of differential delays and
actions to be taken when links are added or dropped or when they are failed or need to be restored. In the
receive direction, the IMA interface performs differential delay compensation and recombines the cells into
the original cell stream while introducing minimal cell delay variation. In essence, the Inverse Multiplexing
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functions emulate a single UNI/NNI/BICI physical link; the IMA process of splitting and recombining
streams is as transparent to the layer above as atraditional single-link physical layer interface.

4.2.4 Link Management

This function provides direct management of the physical links (e.g., DSVEI physical links). This may
include such functions as establishing those links; for example, DSV/E1 physical links via ISDN PRI
signaling over a D channel. Other functions in Link Management include the natification of network
management operations upon detection of link defects, collecting Facility Data Link information,
instantiating the physical link MIB objects, etc.

Link Management functions also relate to the management and establishment of the links available to the
IMA functions.

When implementing an IMA virtua link over a specific type of links (e.g., DSVEL1 links), the IMA MIB
objects should inter-work with the link MIB if specified in a given RFC (e.g., RFC 1406 [16] or DS1/E1).

The Link Management function should not preclude the option of using dial-up services (e.g., ISDN
service). If such are supported, the Link Management function should perform the connection management
(establishment and release). Unit management should determine the establishment and release policies (i.e.,
when to initiate anew DS1/E1 link, when to release it, etc.).

4.2.5 Unit Management

The Unit Management (UM) function provides for the management of all functions of the whole unit. For
example, capabilities required by users would include support of MIBs indicating the status of the IMA
functions, integration of alarmsin the IMA unit, provision of a configuration interface, SNMP access to the
unit, etc.

The IMA MIBs which alows management of the IMA functions of the unit are specified in Section 15 on
page 85 and shall be implemented if the UM is SNMP based. Other unit management functions are for
further study.

4.3 Timing Reference Model

On aphysical link basis, the unit clocking should comply with the appropriate requirements for the physical
links (e.g., ATM Forum DS1 and E1 specifications [8] [9]).

On a group basis, the timing may be based on the timing configuration guideline presented in Figure 5 on
page 25. Other timing configurations are feasible but are not discussed here.

Switch "Sw" and switches "Sw(0)" to "Sw(N-I)" appearing in Figure 5 indicate the possible configurations.

The "TxClock Unit" may derive its timing from an internal source, an external source or from any
incoming link.

If loop timing (also referred as slave clocking[20]) is required, Sw(0) to Sw(N-1) could be set to position
"1" on the associated link. Loop timing may be used when synchronizing to a digital network on a per link
basis. Another example of loop timing would be using one of the incoming links as the source of the "Tx
Clock Unit" and have all the link switches set to "0".

The term Independent Transmit Clock (ITC) is used for operation, where the transmit clock on each link is
independently derived from a clock source. An exampleisillustrated Figure 5 on page 25 by having at least
one of switches Sw(0) to Sw(N-I) being set to position "1".
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The term Common Transmit Clock (CTC) is used when the same clock is used for all links. An example of
thisisillustrated in Figure 5 on page 25 by having all switches Sw(0) to Sw(N-I) being set to position "0".

Appendix H on page 179 shows application scenarios intended to provide guidance in selecting a timing
configuration.

Tx Clock Unit ——p»

Local Oscillator /
External Source Sw Sw (0)
. 0 Tx >
ﬂ g 1 Link O
Rx
0 Sw()
—»O—0 T
Link 1
1 Rx
Sw (N-1
0 w (N-1) TX >
Link N-1
1 Rx

Figure 5 IMA Timing Configuration Reference Model
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5. Basic IMA Protocol Definitions

This section specifies the basic architecture of the IMA unit.

5.1 IMA Physical Link Characteristics

(R-1) The IMA unit shall support anumber N (1 £ N £ 32) of transmission links designated as an IMA
group by the unit management (UM) and operating at the same nominal link cell rate (LCR).

(R-2) The IMA unit shall be connected to another IMA unit over clear channel facilities. This implies
that al cells transmitted by an IMA unit shall only be terminated by the IMA unit located at the
other end of the IMA virtual link.

5.2 Transmission Convergence Sublayer Specification

This section defines:

» exceptions to the interface specific transmission convergence functions when IMA sublayer is
implemented, and

* basic IMA sublayer functions
5.2.1 Exceptions to the Interface Specific Transmission Convergence Sublayer

The interface specific Transmission Convergence (TC) sublayer should implement the following functions
as specified in the appropriate physical layer specification for the links to be used in the IMA group:

 physical layer HEC generation/verification,

* cell header correction (if required),

* cell delineation, and

* cell payload scrambling/descrambling (if required).

The following exceptions to the interface specific Transmission Convergence (TC) sublayer shall be met:

(R-3) The interface specific TC sublayer shall pass al cells to the IMA sublayer or provide an
indication that a cell was received (thisincludes HEC errored cells).

(R-4) Cdll rate decoupling shall not be performed by the interface specific TC sublayer (i.e., no idle
cells).

Cdll rate decoupling is performed at the IMA sublayer as specified in Section 5.2.2.1 on page 26.

5.2.2 IMA Specific Transmission Convergence Sublayer Part

5.2.2.1 IMA General Characteristics

(R-5) The IMA unit shall assign a Link Identifier (LID) unique within the IMA group to each Tx IMA
link on each physical link.

(R-6) The LID shall not be changed while the link is a member of an IMA group.

The selected LID value is constrained between 0 and 31 based on the definition of the ICP cell (see Table 2
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on page 31).

(R-7) The IMA transmitter shall distribute ATM cells arriving from the ATM layer (including any
unassigned cells) over the N linksin a cyclic round-robin fashion, and on a cell-by-cell basis.

(R-8) The IMA transmitter shall distribute the ATM layer cells over the links using an ascending order
based on the LID assigned to each link within the IMA group.

(R-9) Each interface at the end of the IMA virtua link shall use the IMA Control Protocol (ICP) cell
format defined in Table 2 on page 31 to convey IMA configuration, synchronization, status and
defect information to the far-end (FE).

(R-10) The IMA transmitter shall perform cell rate decoupling by inserting IMA Filler cellsin place of
ATM cellswhen thereisno cell available at the ATM layer.

(R-11) ThelMA receiver shall:

» accept ATM cells from the N links according to ascending order based on the Link ID (LID)
received in the ICP cells on the incoming link,

» compensate for differentia link delays and re-build the original ATM cell stream,
* discard Filler cells,
» discard cells with bad HEC,

* process and discard ICP cells, pass the aggregate ATM cell stream to the ATM layer (this
includes unassigned cells),

* preserve the order of incoming cells.

(R-12)  ThelMA receiver shall use the ICP cell to maintain protocol and link delay synchronization.

5.2.2.2 IMA OAM Cell Definition

Two IMA OAM cells are defined:
* Filler cell
* IMA Control Protocol (ICP) cell

These cells are defined in Table 1 on page 28 and Table 2 on page 31*, respectively. The transmission of
the octetsis row by row, from top to bottom.

(R-13) The IMA interface shall transmit the most significant bit of each octet (MSB = bit 7,
LSB = bit 0) of the IMA OAM cdll first.

The following fields are common to both Filler and ICP cells:
* cell header,

* OAM label, and

* cell identification

(R-14) TheFiller and ICP cell header shall be as specified in Table 1 on page 28 and Table 2 on page
31, respectively.

! The value of octets 1 to 4 defined in this specification will be proposed to ITU-T, Study Group 13.
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Octet 6 of Filler and ICP cellsis set to "0x03" to indicate the use of IMA v1.1 by the IMA unit. The use of
thisfield is explained in more detail in Section 5.2.2.3 on page 32.

(R-15)  The Cdll Identification (CID) bit, bit 7 of octet 7 of the Filler and ICP cells, shall be used to
identify the IMA OAM cell asan ICP or Filler cell.

(R-16)  Octets 52-53 shall be used as specified in ITU-T Recommendations 1.610[31], Section 7.1, for
octets 52-53 of the OAM cdlls of the FI/F3 flows.

The following subsections give details of the Filler and ICP cells, respectively.

5.2.2.2.1 Filler Cell Definition

This section defines the Filler cell. This cell is used for performing cell rate decoupling a the IMA
sublayer.

(R-17)  ThelMA interface shall support the format of the Filler cell shown in Table 1 on page 28.

Table 1 Filler Cell Format

Octet Label Comments
1-5 ATM cell header Octet 1 = 0000 0000, Octet 2 = 0000 0000, Octet 3 = 0000 0000,
Octet 4 = 0000 1011, Octet 5= 0110 0100 (valid HEC)
6 OAM Label Bits 7-0: IMA Version Value

00000001: IMA Version 1.0
00000011: IMA Version 1.1

7 Cel ID Link ID Bit 7: IMA OAM Cell Type (O: Filler cell)

Bits 6-0: Unused and set to 0
8-51 Unused Set to Ox6A as defined in ITU-T Recommendation 1.432[30] for unused bytes.
52-53 CRC Error Control Bits 15-10: Reserved field for future use - default value coded all zero.

Bits 9-0: CRC-10 as specified in ITU-T Recommendation 1.610[31].

The Filler cell can be validated by verifying the value of the cell header, OAM Label, CID, and CRC fields.

5.2.2.2.2 ICP Cell Definition
(R-18) ThelMA interface shall support the format of the ICP cell shown in Table 2 on page 31.

The content of the ICP cdll has been divided in five classes:

» A: Link specific information, transmitted only over the specific link.

» B: Group specific information, transmitted over all linksin the group.

» C: Link specific information, but transmitted over all links in the group.
* D: Unused octet

» E: End-to-end channel

(R-19)  The content of fields appearing under class A shal be transmitted over the link for which these
fields apply.

(R-20)  The same content of fields appearing under classes B and C shall be transmitted over all links
within an IMA group.
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(R-21)  Bits4-0 of octet 7 shall be used to identify the Link 1D (LID) on which the ICP cell is sent. Its
range shall be from O to 31.

The IMA Frame Sequence Number (IFSN) field (octet 8) is used to indicate the sequence number of the
IMA frame. The ICP Cell Offset field (octet 9) is used to indicate the location of the ICP cell within the
IMA Frame. The use of these fields is defined in more detail in Section 5.2.2.3 on page 32.

The Link Stuff Indication (LSI) field, bits 2-0 in octet 10, is used to indicate the occurrence of the next stuff
event. The use of the LS| field is specified in more detail in Section 7 on page 38.

The Status and Control Change Indication (SCCI) field (octet 11) is used to indicate changes over octets 12
through 49 (classes B and C). Its use is specified in more detail in Section 5.2.2.5 on page 35.

The IMA 1D field (octet 12) is used to indicate the ID of the IMA Group. Thefield is set to a value between
0 and 255 inclusive (8 hits). Its use is specified in more detail in Section 5.2.2.6 on page 35.

The Group Status and Control field (octet 13) is used to indicate group status and control information. The
use of the Group Status and Control field is explained in more detail in Section 5.2.2.7 on page 35 and
Section 10.2 on page 55.

The Transmit Timing Information field (octet 14) is used to indicate the synchronization and the timing
reference link (TRL) used by the transmit end. The use of the Transmit Timing Information field is
explained in more detail in Section 8 on page 40.

The Tx Test Control, Tx Test Pattern and Rx Test Pattern fields (octets 15, 16, and 17) are used to
implement the test pattern procedure as specified in Section 13 on page 81.

The Link Information fields (octets 18 to 49) are used to exchange information specific to IMA links
between both ends of the IMA virtual link. The structure of the Link Information field is shown in Table 3
on page 32.

(R-22) The “Tx State” field, located in the Link “x” Information field in an ICP cell, shall be used to
report the transmit state of the IMA link on which the near-end (NE) IMA is transmitting ICP
cellscarrying LID =“x" (“X” being avalue between 0 and 31).

(R-23) The “Rx State” field, located in the Link “x” Information field in an ICP cell, shall be used to
report the receive state of the incoming IMA link on which the far-end (FE) IMA is transmitting
ICP cellscarrying LID =“Xx" (“X” being avalue between 0 and 31).

(R-24)  The “Rx Defect Indicators’ field, located in the Link “x” Information field in an ICP cell shall
be used to report the Rx defects indicators corresponding to the incoming IMA link on which the
FE IMA istransmitting ICP cells carrying LID = *x” (*x” being a value between 0 and 31).

The use of the Link Information fields is described in more detail in Section 10.1.6 on page 54 and

Section 12.1.2 on page 72. Appendix C.8 on page 165 provides an example of the use of the Link

Information fields.

(R-25)  Octet 50 within the ICP cell is unused and shall be set to Ox6A as defined for unused octets in
ITU-T Recommendation 1.432 [30].

(R-26)  The End-to-End channel field (octet 51) shall be reserved as a proprietary channel.
(R-27)  The End-to-End channel field shall be set to "0" if unused.

(R-28)  The IMA unit shall not rely on the processing of the End-to-End Channel field for any IMA
functionality defined within this specification.
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(R-29) TheIMA receiver shal only consider the information within ICP cells exhibiting neither a HEC
nor a CRC-10 error.
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Table 2 ICP Cell Format

Octet Class Label Comments
Octet 1 = 0000 0000, Octet 2 = 0000 0000, Octet 3 = 0000 0000,
15 ATM cell header | e 4 = 0000 1011, Octet 5 = 0110 0100 (valid HEC)
Bits 7-0: IMA Version Value
6 OAM Label 00000001: IMA Version 1.0
00000011: IMA Version 1.1
Bit 7: IMA OAM Cell Type (1: ICP cell)
7 A CliD | Bits6-5: Unused and set o 0
Bits 4-0: Logical ID for Tx IMA link range (0...31)
IMA Frame .
8 A Sequence Number IMA Frame Sequence Number from 0 to 255 and cycling.
9 A ICP Cell Offset Range (0... M-1): indicates position of ICP cell within the IMA frame.
Bits 7-3: Unused and set to O
Bits 2-0: Link Stuffing Indication (LSI)
111 = No imminent stuff event,
10 A Link Stuff 100 = Stuff event in 4 ICP cell locations (optional),
Indication 011 = Stuff event in 3 1CP cell locations (optional),
010 = Stuff event in 2 ICP cell locations (optional),
001 = Stuff event at the next ICP cell location (mandatory),
000 = Thisis one out of the 2 ICP cells comprising the stuff event (mandatory).
11 B Status & Control Bits 7-0: Status change indication: 0 to 255 and cycling
Change Indication | (count to be incremented every change of octets 12-49)
12 B IMA 1D Bits 7-0: IMA ID
Bits 7-4: Group State
0000 = Start-up,
0001 = Start-up-Ack,
0010 = Config-Aborted - Unsupported M,
0011 = Config-Aborted - Incompatible Group Symmetry,
0100 = Config-Aborted - Unsupported IMA Version,
0101, 0110 = Reserved for other Config-Aborted reasonsin afuture version of the
IMA specification,
0111 = Config-Aborted - Other reasons,
13 B | GrowRSauwsand | o00= ingficient Links
1001 = Blocked,
1010 = Operational,
Others: Reserved for later use in afuture version of the IMA specification.
Bits 3-2: Group Symmetry Mode
00 = Symmetrical configuration and operation,
01 = Symmetrical configuration and asymmetrical operation (optional),
10 = Asymmetrical configuration and asymmetrical operation (optional),
11 = Reserved
Bits 1-0: IMA Frame Length (00: M=32, 01: M=64, 10: M=128, 11: M=256)
Transmit Timin Bits 7-6: Unused and set to O
14 B Information 9 Bit 5: Transmit Clock Mode: (0: ITC mode, 1: CTC mode)
Bits4-0: Tx LID of the timing reference (0 to 31)
Bits 7-6: Unused and set to O
15 B Tx Test Control Bit 5: Test Link Command (0: inactive, |: active)
Bits 4-0: Tx LID of test link (0 to 31)
16 Tx Test Pattern Bits 7-0: Tx Test Pattern (value from O to 255)
17 Rx test Pattern Bits 7-0: Rx Test Pattern (value from 0 to 255)
Link 0 Bits 7-5: Transmit State (see Table 3 on page 32)
18 C Information Bits 4-2: Receive State (see Table 3 on page 32)
Bits 1-0: Rx Defect Indicators (see Table 3 on page 32)
19-49 C Link 1-31 Info Status and control of link with LID in the range 1-31
50 D Unused Set to Ox6A as defined in ITU-T Recommendation 1.432[30] for unused bytes.
End-to-end . .
51 E channd Proprietary channel (set to O if unused).
5253 CRC Error Bits 15-10: Reserved field for future use default value coded all zero
Control Bits 9-0: CRC-10 as specified in ITU-T Recommendation 1.610[31]
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Table 3 Encoding of the Link Information Fields

Bits Encoding
7-5 Tx State State Additional Information (see note 1)
000 Not In Group
001 Unusable No reason given
010 Unusable Fault (vendor specific)
011 Unusable Mis-connected
100 Unusable Inhibited (vendor specific)
101 Unusable Failed (not currently defined)
110 Usable
111 Active
4-2 Rx State
000 Not In Group
001 Unusable No reason given
010 Unusable Fault (vendor specific)
011 Unusable Mis-connected
100 Unusable Inhibited (vendor specific)
101 Unusable Failed (not currently defined)
110 Usable
111 Active
1-0 Rx Defect
00 No defect
01 Physical Link Defect (e.g.LOS,
OOF/LOF, LCD)
10 LIF
11 LODS

Note 1: As specified in (R-80) on page 54 and (O-14) on page 54, one of the Unusable encodings shall be used, but the use of
“Inhibited”, “Failed”, “Fault”, or “Mis-connected” is optional.

5.2.2.3 IMA OAM Label
The following requirement indicates that the IMA unit isusing IMA v1.1.
(R-30) ThelMA unit shall always transmit "0x03" over the OAM Labd in the Filler and ICP célls.

This requirement alows an IMA unit to identify which version of the IMA specification is being used at
each end of the IMA virtua link. If the far-end IMA unit transmits ICP cells with the OAM Label set to
"0x01", the near-end IMA implementation might fall back to IMA v1.0. The near-end IMA implementation
would no longer be compliant with the IMA v1.1 specification and conseguently the associated IMA v1.1
PICS would no longer apply. Appendix C.8.1 on page 166 provides information about the interoperation of
IMA v1.0 and v1.1 implementations.

(R-31) If the IMA unit does not support the IMA version proposed by the OAM Label received from
the far-end IMA unit, the IMA unit shall report the "Config-Aborted - Unsupported IMA
Version" state over the "Group Status and Control” field.

The "Config-Aborted - Unsupported IMA Version" state is provided to ease interoperability between
implementations supporting different versions of the IMA specification. The use of this state will be more
pertinent when developing future versions of the IMA specification.
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5.2.2.4 IMA Frame Definition

The IMA frame is used as the unit of control in the IMA protocol. It is defined as M consecutive cells,
numbered 0 to M-1 on each link, across the N linksin an IMA group. One of the M cells on each of the N
links is an ICP cell that occurs within the frame at the ICP cell offset position (the offset may be different
on different links). The IMA frame is aigned on all links. "Aligned" means that it is transmitted
simultaneoudly. The presence of differential link delay can cause the reception to "mis-aligned" in time: the
alignment is recovered by the mechanism executing link delay synchronization. M is defined during start-
up, N is determined by the UM and the IMA link start-up procedure; and the ICP stuff mechanism, as
defined in Section 7 on page 38 is a controlled violation of the IMA consecutive frame definition.

(R-32) An IMA Frame shall be composed of M consecutive cells transmitted on each link within the
IMA group.

(R-33) ThelCP cell shal be sent on each link once per IMA frame, hence every M cells.
(R-34) ThelFSN field in the ICP cell shall be used to indicate the sequence number of the IMA frame.
(R-35) ThelFSN field in the ICP cell shall increment from O to 255 and repeat the sequence.

(R-36) The IMA Frame Sequence number in the ICP cell shall increment with each IMA frame on a
per-link basis, but within an IMA frame period, the sequence number contained in the ICP cell
of each link shall be identical.

(R-37)  ThelMA interface shal align the transmission of IMA frames on al links within an IMA group.

Figure 6 on page 33 shows an example of the transmission of IMA frames over three links. On link O, the
ICP cdlls have their cell offset set to O (i.e., they are the first cell in each IMA frame). On link 1, the ICP
cells have their ICP cell offset set to 3. In practice, these ICP cells should be distributed more evenly over
the IMA frame but are shown closer for ease of illustration. It should also be noted that within an IMA
frame, the ICP cells on all links have the same IMA Frame Sequence Number (IFSN). The ICP cell offset
is described in more detail in the next section.

IMA Frame 2 IMA Frame 1 IMA Frame O
ATM =« [ATM|ATM]| F |icP2| F LRI F |ATM| F |ICP1]|ATM LRI F |AT™M| F |icPo| LinkO
M-1 3 2 1 0 | M1 3 2 1 0 | M1 3 2 1 0
F e ICP2|ATM| F F |AT™M LRI ICPL|ATM |ATM | ATM | ATM LRI ICPO|ATM| F F Link 1
F =« [ATM|ATM|ICP2| F |ATM LRI F |AT™M |iICP1|ATM | ATM LRI F |AT™M |ICPO|ATM Link 2
Time
ICP1] |CP Cell in Frame #1 F Filler Cell ATM | ATM Layer Cell

Figure 6 lllustration of IMA Frames
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5.2.2.4.1 ICP Cell Offset

The ICP cell may be located anywhere within the IMA frame (e.g., the ICP cell offset may be any value
fromO0to 127 if M = 128).

An ICP cell offset of 0 means that the ICP cell is the first cell of the IMA frame on that particular link. An
ICP cell offset of M-1 means that the ICP cell isthe last cell of the IMA frame on that link.

(R-38) ThelCP Cell Offset field (octet 9) shall be used to indicate the location of the ICP cell within the
IMA Frame.

(R-39) The ICP cell offset field shall be set to a value between 0 and M-1 where M is the IMA frame
length in cells.

(0-1) The IMA transmitter may distribute the ICP cells, from link to link within the IMA group, in a
uniform fashion across the IMA frame.

An example of uniform distribution of the ICP cell is to assign the following offset to the ICP cell from the
first link to be added to the last one: O, (1/2)*M, (/4)*M, (3/4)*M, (U8)*M, (3/8)*M, (5/8)*M, (7/8)*M,
etc. The IMA transmitter could select the first unused location appearing in the list when adding a new link
to the IMA group.

(R-40)  The offset of the ICP cell sent over any link shall be selected when the link is assigned a LID
and this offset shall be retained until the link is no longer part of the group.

Spreading the ICP cellsin the IMA frame from link to link allows faster notification of configuration where

the links exhibit the same propagation delay and minimum delay introduction related to the handling of ICP
cells.

5.2.2.4.2 IMA Frame Length (M)
The IMA Frame Length (M) shall be processed as follows:

(R-41) The value of M used by an IMA shall aways be carried to the ICP cell within the IMA frame
Length field.

(R-42)  ThelMA unit shall support M equal to 128.

(0-2) The IMA unit may support M equal to 32, 64, or 256.

(R-43)  ThelMA unit shall only change the value M at group start-up time.
Section 10.2 on page 55 describes the group start-up procedure in more detail.

Changing the transmitted M value at any other time will affect the IMA Frame Synchronization Mechanism
(see Section 11 on page 68).

(CR-1) If (O-2) is used, the value of M used by the IMA transmitter shall be the same as the one
configured by the UM.

(CR-2) If (O-2) isused, the IMA unit may use different values of M in both Tx and Rx directions.

(CR-3) If (O-2) is used, the IMA unit shall synchronize its incoming links using the received M value
for IMA frame synchronization.
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(R-44) If the IMA unit does not support the received M, it shall abort the start-up procedure using the
corresponding code defined in the "Group Status and Control” field of the ICP cell (see Section
10.2.1.2 on page 57).

(O-3) The value M may be configurable.

5.2.2.5 Processing of the SCCI Field

The SCCI field is used as an 8-bit code to indicate that at |east one of the fields in Octets 12 through 49 has
been changed. This allows the IMA receiver to monitor this field only to detect and start processing any
changes of the fieldsin Octets 12 through 49 reported by the FE IMA transmitter.

(R-45)  The SCCI field shal be set to the previoudly transmitted SCCI value, incremented modulo 256,
to indicate a change on at least one of the fields appearing in Octets 12 through 49 in the
transmitted 1CP cell (see Table 2 on page 31).

The monitoring of the ICP cell at the receiving end is implementation dependent. The receiver may select
only one or more links to monitor the value of the SCCI field.

(R-46) The SCCI field shall be used to identify received ICP cells for processing when ICP cells are
monitored on more than one link or when the monitored link has changed. Fields in octets 12
through 49 shall be processed if the SCCI field has advanced beyond the SCCI value of the last
processed ICP cell.

5.2.2.6 IMAID
(R-47)  ThelMA ID shall be selected at group start-up time.
(R-48) ThelMA ID used by the transmit end shall be carried in the IMA 1D field.

Changing the transmitted IMA ID value at any other time will affect the IMA Frame Synchronization
Mechanism (see Section 11 on page 68).

Both ends of the IMA virtual link can independently select an IMA ID. There is no need to ensure a unique
IMA ID on each end.

(O-4) The IMA 1D may be configurable.

5.2.2.7 Group Symmetry Modes

The IMA protocol is defined to allow symmetric or asymmetric cell rate transfer over the IMA virtual link.
The IMA unit can be configured in three modes:

» Symmetrical Configuration and Operation: this the default and mandatory mode; in this mode, the IMA
unit is required to configure an IMA link in each direction of al the physical links that the IMA unit is
configured to use; the IMA unit is only allowed to transmit and receive ATM layer cells over physical
links on which IMA links running in both directions are Active.

» Symmetrical Configuration and Asymmetrical Operation: in this optional mode, the IMA unit is required
to configure an IMA link in each direction of al the physical links that the IMA unit is configured to use;
the IMA unit is also allowed to transmit ATM layer cells over the physical links on which the IMA link
in the transmit direction is Active while the IMA link in the receive direction is not Active (or alowed to
receive ATM layer cells from physical links on which the IMA link in the receive direction is Active
while the IMA link in the transmit direction is not Active). This behavior is described in Appendix D on
page 168.
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Asymmetrical Configuration and Operation: in this optional mode, the IMA unit is not required to
configure the IMA links in both transmit and receive directions of all physical links that the IMA unit is
configured to use; the IMA unit is also allowed to transmit ATM layer cells over the physical links on
which the IMA link in the transmit direction is Active while the IMA link in the receive direction is not
Active (or alowed to receive ATM layer cells from physical links on which the IMA link in the receive
direction is Active while the IMA link in the transmit direction is not Active). This behavior is described
in Appendix D on page 168.

(R-49) The "Group Symmetry Mode" field, specified in Table 2 on page 31, shall be used to indicate
the symmetry of the IMA group to the FE.

(R-50) ThelIMA unit shall only establish or change the symmetry of the group at group start-up time.

(R-51) The "Symmetrical Configuration and Operation" mode shall be supported by al IMA
implementations.

(O-5) The use of the "Symmetrical Configuration and Asymmetrical Operation™ mode is optional.

(O-6) The use of the "Asymmetrical Configuration and Operation” mode is optional.

(R-52) If the NE does not support the symmetry mode proposed by the FE or if the symmetry mode
proposed by the FE and the configured symmetry mode of the NE do not match, the NE shall
abort the start-up procedure using the appropriate code defined in the "Group Status and
Control” field in the ICP cell (see Table 2 on page 31).

(O-7) In order to allow afast recovery when (O-5) or (O-6) is used at the NE and when the FE IMA
unit can only be configured to the "Symmetrical Configuration and Operation” mode, the NE
may adjust to “Symmetrical Configuration and Operation”.

(R-53)  Only the valid combinations of group symmetry modes specified in Table 4 on page 36 shall be
used at each end of the IMA virtual link.

(O-8) The group symmetry mode may be configurable.

Table 4 Valid and Invalid Combinations of Group Symmetry Modes
End B
Symmetrical Asymmetrical
Configuration Configuration
Symmetrical Asymmetrical Asymmetrical
Operation Operation Operation
Symmetrica valid Invalid Invalid
Symmetrical P
Configuration A etrical
End A Boatio Invalid valid Invalid
peration
Asymmetrical Asymmetrical . . .
Configuration Operation Invalid Invalid vaid
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6. Quality of Service (QoS)

(R-54) ThelMA interface shall support all ATM traffic/QoS classes supported at the ATM layer.

Appendix C.1 on page 157 provides guidelines on handling dynamic changes of IMA data cell rate.
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7. Support for Common and Independent Transmit Clock Operations

In order to accommodate the use of Common Transmit Clock (CTC) and Independent Transmit Clock
(ITC) configurations as defined in Section 4.3 on page 24, this specification defines the insertion of a stuff
event to compensate for timing difference between the IMA links within an IMA group.

The IMA link transmit interfaces may be locked to one clock source or may be plesiochronous with respect
to the other links. When plesiochronous, one of the IMA transmit buffers may become depleted or overflow
due to timing differences. The IMA cell stuff mechanism is provided to allow error-free ITC operation.

In the CTC mode, stuffing is also inserted on all links at nominal rate specified in Section 8 on page 40.
This allows interoperation between transmitter running the CTC and ITC modes and fixes a single nominal
rate for the IMA Data Cell Rate (IDCR) defined in Section 8 on page 40.

(R-55)  ThelMA unit shal indicate to the far-end (FE) in which transmit clock mode it is running in the
"Transmit Clock Mode" field in the ICP cell (see Table 2 on page 31).

(R-56)  ThelMA transmitter shall support the CTC mode.

(R-57)  The IMA transmitter shall only indicate to the FE that it is in the CTC mode when al the
transmit clocks of the links in the group are derived from the same source.

(0-9) The IMA transmitter may aso support the ITC mode.

(O-10) ThelMA transmitter may indicate that it isin the ITC mode even if all the transmit clocks of the
links in the group are derived from the same source.

(CR-4) If (O-9) isused, the cell stuffing mechanism procedure shall be invoked to prevent link transmit
buffer under-run or over-run.

In all cases, the link transmit buffers should not deplete.

(R-58) The IMA transmitter shall indicate a stuff event in the ICP cell containing the Link Stuffing
Indication (LSI) codes specified in Table 2 on page 31.

(R-59) The IMA transmitter shall perform stuffing by repeating the ICP cell containing the Link
Stuffing Indication (LSI) code indicating that "this cell is 1 out of the 2 ICP cells comprising the
stuff event".

One of the two ICP cells comprising the stuff event is identified as a Stuff ICP (SICP) cell. Either one may
be treated as a SICP cell.

Theinsertion of a stuff event isillustrated in Figure 7 on page 39.

The three additional indications (010, 011, and 100) may provide greater confidence in detecting a SICP
occurrence.

(O-11) The IMA transmitter may also indicate an incoming stuff event in the fourth, third, and second
ICP cells preceding the stuff event using the optional LSI codes defined in Table 2 on page 31.

(R-60) At any given link, the IMA transmitter shall not introduce a stuff event more than once every
5*M ICP, Filler, and ATM layer cells.

Appendix C.5 on page 161 explains why the value "5*M cells" has been selected.
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(R-61) The IMA receiver shall remove one of any two consecutive ICP cells with LS| code indicating
that "this cell is 1 out of the 2 ICP cells comprising the stuff event”. The removed SICP cell shall
not be counted as a cell for the purposes of determining the IMA round-robin sequence.

(R-62)  ThelMA receiver shall operate with CTC and ITC transmission modes.

(R-63)  When the FE IMA transmit clock mode does not match the NE IMA transmit clock mode, the

NE IMA unit shall inform the UM of the mismatch. This shall not cause a restart of the group.
It is up to the implementers to decide how to process the incoming stuff cell indication codes.

(0O-12) The IMA receiver may rely on at least one ICP cell with a correct CRC-10 in order to process

the incoming stuff event indication code (this is a recommended option).

Figure 7 on page 39 shows the ICP cells before, during, and after the stuff event occurrence.

Time M-1 Filler or ATM
4 Layer Cells
| —p
ICP Cell ICP Cell ICP Cell ICP Cell ICP Cell
IFSN # i+3 LR ] IFSN # i+2 IFSN # i+2 amm IFSN # i+1 LR IFSN #i
LSl =111 LSI =000 LSI =000 LSI =001 LSl =111

Stuff event

IFSN: IMA Frame Sequence Number
LSI: Link Stuffing Indication

Figure 7 Insertion of a Stuff Event over One Link (Using Mandatory Advanced Indication Only)
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8. IMA Data Cell Rate Implementation

The IMA Data Cell Rate (IDCR) is defined as the rate at which ATM cells should be passed from the ATM
layer to the IMA sublayer on transmit and passed from the IMA sublayer to the ATM layer on receive. In
order to emulate single-link physical layer interfaces, the IDCR is nominally a constant for any given
configuration of linksin the Active state.

The IDCR is derived from one of the physical links identified as the timing reference link (TRL). The TRL
is used to pass synchronization from the transmit to the receive end.

The IDCR is derived, at both the transmit and receive ends, according to the following equation:

IDCR = Non X TRLCR x (ML) x (228

Equation 1

Figure 8 on page 40 shows how the Tx and Rx IDCR are derived in the Tx and Rx directions.

IMA Unit
Clock feeding
Clock Rate Converter Tx TRL
NooX TRLCRx (1o0) x (229
Tx TRL >
Tx IMA Data
Cell Clock
Rx IMA Data
Cell Clock
Clock Rate Converter Rx TRL
M - 2048 <
NonX TRLCR X (—MJ) X (228

Note: it is not required that the same physical link be used as the Tx and Rx TRL's.

Figure 8 Derivation of Tx and Rx IMA Data Cell Clocks

In the transmit direction, No, represents the number of links which currently transmit cells passed from the
ATM layer (Tx=0n as specified in Section 10.1.3 on page 49). In the receive direction, N,, represents the
number of links which currently receive ATM layer cells to be passed to the ATM layer (Rx=On as
specified in Section 10.1.3 on page 49).

TRLCR isthe TRL cell rate provided viathe TRL from transmitter to receiver.
M isthe IMA framelength in cell units. The "(M-1)/M" factor accounts for an ICP cell every M cells.
The TRLCR is scaled down by "2048/2049" to account for the insertion of one stuff event on the TRL after

every 2048 ICP, Filler and ATM layer cells (e.g., every 16 IMA frames if M equals 128). This implies that,
in the case of ITC mode, the links other than the TRL could be faster or slower than the TRL. These other
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links would require more or less frequent insertion of a stuff event to prevent transmit buffer under-
runs/over-runs on these links. Appendix C.5.2 on page 161 explains the choice of 2048.

This section defines the requirements of the IDCR implementation to minimize the introduction of CDV by
the IMA virtua link.

8.1 Behavior of the Transmit End

Figure 9 on page 41 shows the behavior of the transmit end.

IMA Date
Cell Clock
(IDCC)
ATM Layer
ATM Cells >Q > IMA
Layer Cell Stream
Filler ICP/SICP
Generator Cell Generator

Figure 9 Behavior of the Transmit End

(R-64) Theactionstaken for cell rate decoupling at the IMA transmitter shall not inject a Filler cell if an
ATM layer cell is available for scheduling. The IMA transmitter shall perform a check that an
ATM Layer cell is available and accept that cell only when the Tx IMA Data Cell Clock (IDCC)
ticks.

This means that the IMA transmitter should emulate the behavior of one physical interface while
interacting with the ATM layer.

It should also be noted that the IDCR is independently determined by the transmitter at each end of the
IMA virtual link. The Rx IDCR is recovered by the IMA receiver using theindicated Tx TRL.

8.1.1 Selection of the TRL

(R-65)  The IMA unit shall select the TRL from the set of links whose transmit state is Active (see
Section 10 on page 46).

(R-66) If thereis no link in the Active state, the IMA unit shall select one of the links in the Usable
dtate, if any, or one of the links in the Unusable state otherwise.

(R-67)  ThelMA unit shall select or change the TRL only during the following situations:
* during start-up,

» when the previoudy selected TRL’s transmit state changes from Active to any other state
(e.g., Usable, Unusable, or Not In Group) while another link’s transmit state is Active, or

when the previoudly selected TRL's transmit state changes from Usable to Unusable or Not In
Group while another link’ s transmit state is Active or Usable.
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(R-68)  Oncethe IMA unit has selected or changed the TRL, the IMA transmitter shall indicate the TRL
to the FE over the "Transmit Timing Information” field in the ICP cell (see Table 2 on page 31).

As long as requirements (R-65), (R-66), and (R-67) are met, the criteria for selecting the TRL at the IMA
transmitter are vendor specific.

8.1.2 Derivation of the Transmit IDCR from the TRL

(R-69)  The IMA transmitter shall derive the Tx IDCR from the selected TRL according to Equation 1
on page 40.

8.1.3 Stuffing on the TRL and Other Links

(R-70)  When the IMA transmitter is operating in the CTC mode, the IMA transmitter shall introduce a
stuff event every 2048 ICP Filler and ATM layer cellson all links.

(CR-5) If (O-9) is used, the IMA transmitter shall introduce a stuff event every 2048 ICP, Filler, and
ATM layer cellson the TRL.

(CR-6) If (O-9) isused, the IMA transmitter shall introduce stuff events on al links other than the TRL
in order to compensate for the timing difference between the TRL and the other links.

The previous requirements imply that, once it has detected a stuff event, the IMA receiver can use a
modul 0-2049 counter as an additional method to predict the occurrence of the next stuff event on the TRL,
when in the ITC mode, or on al links, when in the CTC mode.

8.2 Behavior of the Receive End

This section defines the behavior of the IMA receiver through requirements (R-71), (R-72), and (R-73).
These requirements may be regarded as not applicable to an implementation if and only if the following
conditions both apply:

» the IMA receiver is directly built into end equipment that directly terminates the ATM layer (i.e,
terminates all ATM connections), and

* the system is only capable of carrying services that either do not require CDV control (e.g., some data
services), or where the CDV in handled in some other way (e.g., absorbed in a play-out buffer at the
ATM layer connection termination).

An implementation that satisfies both of the above conditions may conform to these requirements.

The IMA receiver should remove the CDV introduced by a transmitter behaving as described in Section 8.1
on page 41. The CDV to be removed isin the form of ICP cells, including Stuff ICP (SICP) cells. Figure 10
on page 43 shows the behaviors of the IMA receiver. The CDV introduced due to the emulated single
physical interface behavior, as mentioned in Section 8.1 on page 41, cannot be removed. The Rx IDCR
should be derived from the incoming IMA link identified as the TRL by the FE IMA transmitter over the
"Transmit Timing Information” field in the ICP cell.
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IMA Date
Cell Clock
(IDCC)

ATM Layer
IMA > Cells p| ATM
Cell Stream ) Layer
Smoothing
Buffer
v
ICP & SICP Filler
Cells Cells

Figure 10 Behavior of the IMA Receiver

(R-71) The CDV attributed to the presence of ICP cells shall be removed by a behavior equivaent to
providing a small smoothing buffer into which cells are placed after reordering and after
removing ICP cells (including SICP cells), but not Filler cells.

If the smoothing buffer is physically realized, the handling of overflow and underflow conditions, if any, is
implementation dependent.

(R-72)  If the TRL isin the Working state (as defined in Figure 21 on page 73), the Rx IDCR made
available to the ATM layer of the receiver shall be derived as specified in Equation 1 on page 40
using the incoming link indicated by the FE IMA transmitter as the TRL in the "Transmit
Timing Information" field in the ICP cell (see Table 2 on page 31). However, the receiver
behavior is implementation specific during a short period (up to 100 milliseconds) after
receiving afar-end indication on a change of TRL to a different link.

If the IMA Frame Synchronization mechanism is not in the Working state, the recovery of the transmit
IDCR is implementation specific until the Working state of that link is recovered or another TRL is
selected by the transmitter

Appendix C.6 on page 162 gives an example of the recovery of the IDCR at the IMA receiver.

(R-73)  Zero or one cell only shall be made available to the ATM layer at an IMA data cell clock tick.
The behavior of the IMA receiver shall be equivalent to following: when the IMA data cell
clock at the receiver ticks, one cell shall be removed from the smoothing buffer. If the cell
isaFiller cell, then the Filler cell shall be discarded and nothing passed to the ATM layer. If the
cell isnot aFiller cell, then it shall be passed to the ATM layer.

If there are no cells available (e.g., in the smoothing buffer), then the behavior is implementation
dependent. Note that this condition is an anomaly since there should always be a cell available even if it is
only aFiller cell.

Note that the IDCR will change and be re-adjusted to the new TRL if the current TRL fails or is deleted
from the IMA group.

Note that the abstract behavior described in the above requirements assumes that the cell stream, in the
order required by the ATM layer, has been reconstructed in the smoothing buffer. During the addition or
deletion of alink into/from the IMA group, the IDCR must be recalculated and the new rate applied. There
are dependencies on the time at which the IDCR should actually change. The play-out of data that had been
received at the old cell rate and that might not have been transmitted to the ATM layer (in particular the
ATM layer and Filler cells that are in the delay compensation buffers) should proceed at the data rate at
which they were received. This would affect the CDV during transient phases in alink addition/recovery or

ATM Forum Technical Committee 43



AF-PHY-0086.001 Inverse Multiplexing for ATM Specification Version 1.1

deletion procedure.
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9. Link Differential Delay on IMA

9.1 Link Differential Delay Tolerance at IMA Transmitter

(R-74)  The IMA transmitter shall not introduce differential delay among the constituent links of more
than 2.5 cell times at the physical link rate.

The choice of 2.5 cell times at the underlying link rate should be sufficient to accommodate the following:

» agap of 1 cell time among the inputs to the constituent physical link interface,
* plus1 cell timeto transmit a SICP cell, and

* plus 0.5 cell time for processing.

The IMA stuffing mechanism should be sufficient to ensure that the frames do not wander from alignment
by more than the tolerance.

Delay compensation at the IMA receiver may be performed using the definition of the IMA frame alone
with ICP cells.

9.2 Link Differential Delay Compensation at IMA Receiver

(R-75)  The amount of link differential delay tolerated by an IMA implementation shall be up to at least
25 milliseconds when used over DSI/E1 links.

(O-13) The amount of link differential delay tolerance may be configured up to the maximum value
supported by the IMA implementation.

It should be noted that both ends of the IMA virtual link may be configured with different amounts of
tolerable differential delay (i.e., say one up to 25 ms and one greater than 25 ms).

Appendix B on page 153 provides a detailed example of compensation of the link differential delay.

Appendix C.4 on page 159 on page describes the limitation of the IMA protocol with respect to link
differential delay.
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10. IMA Interface Operation
This section defines the operation of the IMA individua link and group

10.1 IMA Link Operation

The IMA link operates independently for both the transmit and receive directions at each end of the IMA
virtual link. 1t allows for a smooth introduction of each link in the round-robin. It also allows graceful
handle of error conditions and removal of alink.

A Link State Machine (LSM) is defined for the transmit and receive directions of each IMA link.

10.1.1 Overview of the Link State Machine

Figure 11 on page 47 and Figure 12 on page 48 provide an overview of the link state machine (LSM) in
both the transmit and receive directions respectively. A simplified Harel state machine notation [13] is used
in Figure 11 and Figure 12. In this notation, the top field of a block identifies the state, while the bottom
specifies actions. Arrows denote state transition paths with the event triggering the transaction shown as
overlaid text. Local events or FE state transitions are used as events. Conditions such as Not In Group and
Unusable are locally defined and controlled; no indications are received from the FE.

One out of 4 states in each direction can be viewed by the FE over the ™Link Information” fields defined in
Table 3 on page 32:

* Not In Group: the link is not configured within an IMA group

» Unusable: link is configured, but not in use due to fault, inhibition, etc.

» Usable: link ready to operate, but waiting for the other end to be Usable or Active
» Active: link capable of passing ATM layer cells from/to the ATM layer

The LSM gtartsin the Not In Group state until the link is configured by the UM. Once configured, the LSM
moves out to the Unusable state. From the Unusable state, the LSM provides an operating cycle between
the Unusable, Usable and Active states.

The Unusable state provides a synchronization point with any vendor-dependent or group level control of
link usahility. Link error conditions (e.g., physical link or IMA errors) and vendor-dependent conditions
(e.g., BER over certain limits) can delay the transition of the LSM into the Usable state or may bring the
LSM into the Usable state or may bring the LSM back to the Unusable state from Usable or Active state.

The Unusable state also alows the IMA to voluntarily delay the restoration of the link for reasons other
than detected problems. Later sections will refer to this as the inhibition of the link.

The Usable state is an extra state between the Unusable and Active states that allows coordinating the NE
and FE when bringing up the link. It also provides a clear synchronization point before activating the links
ready to be set Active.

The Unusable and Usable states are also used as synchronization points between the local Tx and Rx LSMs
when the IMA group is operated symmetrically.

Once the Rx LSM isin the Usable state, it can move into the Active state only once the FE is reporting that
the Tx LSM is Usable. Thistransition is also subjected to a group-wide synchronization of link activation.

Oncethe Tx LSM isin the Usable state, it can move into the Active state only once the FE is reporting that
the Rx LSM is Active. This transition is also subjected to a group-wide synchronization of link activation.
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The Tx and Rx LSMs aso have the Deleted state to provide a graceful deletion of the link without loss of
ATM layer célls.

The Rx LSM also has the Blocking sub-state that isatransitional state toward the Unusable state to provide
agraceful de-activation of alink without loss of ATM layer cells.

For symmetrical operation, many of the local events are handled in both Tx and Rx LSMs at the same time.

The next section provides more detail on the Tx and Rx LSM requirements.

Not In Group* Unusable*

/ Unassigned \ In Group f Unusable \
| (Assign LID and Cell Offset)
Tx = Off K Tx = Filler j

FE Rx 1 Active Not Inhibiting,
or implementation and
specific trigger No Tx Fault
Inhibiting, or
Tx Fault
/ Deleted \ Inhibiting, or
Tx Fault
Tx = Filler

Active FERx * Active Usable \
Not In Group Y
from all states l Tx = Fill

Tx=0n FE Rx =Active x = Filler

Active* Usable*

= Notes:

= *: State required to be signalled to the FE.

= The Not In Group (Unassigned) state is the initial state of the Tx LSM.

= Tx = Off indicates that the IMA transmitter is not expected to be sending IMA frames on that link.

= Tx = Filler indicates that the IMA transmitter is sending IMA frames containing Filler cells only on that link.

= Tx =On indicates that the transmit ATM layer cell transfer from the ATM layer has been enabled for that link.
= FE Rx = Active is a FE state signalled via ICP cells indicating that FE Rx is Active.

= FERx1! Active is a FE state signalled via ICP cells indicating that FE Rx is not Active.

= The transition from Unusable to Usable may be delayed due to an ongoing group-wide synchronized start-up
or link addition/recovery of links (refer to corresponding group start-up and LASR procedure requirements).

= The transition from Usable to Active may be delayed due to an ongoing group-wide synchronized start-up or
link addition/recovery of links (refer to corresponding group start-up and LASR procedure requirements).

= Fault: afault in the link or in the protocol; the meaning of this may be implementation specific.
= A more detailed definition of the transition triggers is later provided in this section.

Figure 11 Transmit Link State Overview
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Not In Group* Unusable*

/" Unassigned \ In Group f Unusable

Rx = Off

K Rx = Monitor j
FE Tx 1 Active,
Rx Failed, or Rx Fault

/ Blocking S

Not In Group LID Validated,
from Unusable — Not Inhibiting
Rx =0n ) :
or Usable No Rx Failed, and
No Rx Fault
Not In Group Rx Failed, or
FE Tx 1 Active Rx Fault
Deleted Inhibiting Inhibiting,
Rx Failed, or
Rx =0On Rx Fault

Not In Group
FETx 1
Active (Usable or Active) / Usable
l\ Rx =0On J< FETx = Rx = Monitor
(Active or Usable)

Active* Usable*

|

Notes:

e *: State required to be signalled to the FE.

« The Not In Group (Unassigned) state is the initial state of the Rx LSM.

« Rx = Off indicates that no cells are processed by the IMA receiver on that link.

* Rx = Monitor indicates that the IMA receiver is only processing incoming ICP cells on that link.
« FE Tx = Active is a FE state signalled via ICP cells indicating that FE transmit is Active.

* FE Tx 1 Active is a FE state signalled via ICP cells indicating that FE transmit is not Active.

« The transition from Usable to Active may be delayed due to an ongoing group-wide synchronized start-up
or link addition/recovery of links (refer to corresponding group start-up and LASR procedure requirements.

¢ Fault: a fault in the link or in the protocol; the meaning of this may be implementation specific.
« A more detailed definition of the transition triggers is later provided in this section.

Figure 12 Receive Link State Machine Overview

10.1.2 Definitions of the Transmit/Receive States and Events

10.1.2.1 Transmit Link States

The following four transmit link states are defined:

* Not In Group: the link is not configured, there are two sub-states:
- Unassigned: no information about the link exists.

- Deleted: the link has been removed from the group; this transitional state ensures that the other end is
still not receiving ATM layer cells before it moves to the Unassigned state.

» Unusable: the link is configured but cannot be used. There are many reasons for this state including:

- Test failed: mis-connectivity has been found as aresult of atest. The Test Pattern procedure defined in
Section 13 on page 77 is an example of tests that can be done.
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- Fault: afault has been detected either on the link or in the link protocol.

- Inhibited: operation of the link is blocked for some locally defined application or implementation
dependent reason. The link may otherwise be used.

» Usable: thelink is ready to be used, it is awaiting the FE to activate its receiver before sending any ATM
layer cells; IMA frames containing only Filler cells are being transmitted; but the link is not in the data
round-robin

» Active: thelink is capable of passing cells from the ATM layer; the IMA transmitter considers the link as
part of the data round-robin.

10.1.2.2 Receive Link States

The following four receive link states are defined:

* Not In Group: the link is not configured; there are two sub-state:
- Unassigned: no information about the link exists.

- Deleted: the link has been removed from the group; this transitional state is to ensure that the other end
isno longer Active (transmitting ATM layer cells) before it moves to Unassigned sub-state.

» Unusable: the link is configured, but cannot be used; there are many reasons for this including:
- ldle: insufficient information to start link establishment.

- Failed: the receiver has failed due to the persistence of defined defect. Examples of defects are LCD,
LIF, and LODS. These are described in more details in Section 12.1 on page 72.

- Inhibited: operation of the link is blocked for some locally defined application or implementation
dependent reason. The link may be used for testing.

» The sub-state "Blocking" has been defined under the Unusable state to alow graceful transition into the
Unusable state without loss of ATM layer cells.

» Usable: the link is ready to be used for receiving ATM layer cells and it is awaiting the FE Tx to be
Usable or Active before moving into the Active state. The link has been synchronized with the other
receive links already in the Usable or Active state; the IMA receiver considers this link to be neither a
part of the data round-robin nor included in the IDCC calculation (the IDCC calculation process is
described in Section 8.2 on page 42).

» Active: thelink is capable of passing cellsto the ATM layer ; the IMA receiver considers this link as part
of the data round-robin.

10.1.3 Definitions of the Transmit/Receive Link Actions

Table 5 on page 49 and Table 6 on page 50 show the actions that should be performed by the LSM in the
transmit and receive directions, respectively.

Table 5 Actions at the Transmit End

Action M eaning

Tx = Off Indicates that the transmit end is not expected to be sending IMA frames on that link.

Tx =Filler Indicates that the transmit end is sending IMA frames containing only Filler cells on that link,
Tx=0n ! nqicates that the transmit ATM layer cell transfer from the ATM layer has been enabled for that
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Table 6 Actions at the Receive End

Action M eaning

Rx = Off Indicates that no cells are processed by the IMA receiver on that link.

Rx = Monitor |Indicates that the receiver is only processing incoming ICP cells on that link.

Rx =0On Indicates that the receive ATM layer cell transfer to the ATM layer has been enabled for that link.

10.1.4 Link Events Driving the Link State Machines

Table 7 on page 50 defines the local events driving the Tx and Rx LSMs. Depending on the symmetry of
the configuration, some events would be input to both Tx and Rx state transitions.

Table 7 Local Events Driving the Transmit and Receive Link State Machines

Event M eaning Inputsto Tx and/or Rx LSMs
Symmetrical Asymmetrical
Configuration Configuration
Symmetrical | Asymmetrical | Asymmetrical
Operation Operation Operation
In Group The assignment of alink in an IMA group by the UM. Both Both One only
This corresponds to the moment the link is configured.
Not in Group The removal of an IMA link from a group by the UM. Both Both Oneonly
LID Assigned Sufficient information for the link to begin Tx only Tx only Tx only
communication.
LID Validated Information (IMA OAM Label, LID, IMA ID, M, and Rx only Rx only Rx only
Group Symmetry) contained in the |CP cell received over
thelink is consistent with information in ICP cells
received over other linksin the IMA group.
Rx Failed Condition entered after the persistent detection of a defect [ One only One only One only
at the receiver (see Section 12.1.3 on page 72 and Section
C.2 on page 157). The criteriafor entering the condition
are implementation specific.
No longer Rx No longer in the Rx Failed condition. One only One only One only
Failed
Fault Entering the Fault condition Vendor Vendor Oneonly
A fault in thelink or in the protocol. The meaning of this Dependent Dependent
may be implementation dependent.
No longer Fault No longer in the Fault condition. Vendor Vendor One only
Dependent Dependent
Inhibiting Thelink is not to be used for some reason (implementation | Both Oneonly Oneonly
and application specific). Aninhibiting action on alink in | (see note 1)
the Active state is performed without loss of ATM layer
cells.
Test related These are possible ways that the testing could be Probably Probably Probably
performed (see note 2). Tx only Tx only Tx only
No longer Inhibiting reason removed. Both One only One only
inhibiting

Note 1. Processing the Rx before the Tx direction will result in no cell loss.
Note 2. Only the transmit end is expected to perform the connectivity test.

10.1.5 Link State Transition Tables

Table 8 on page 52 and Table 9 on page 53 show the transition from the current to the new LSM state and
the corresponding actions to be executed upon the occurrence of any possible events.

50 ATM Forum Technical Committee



Inverse Multiplexing for ATM Specification Version 1.1 AF-PHY-0086.001

(R-76)  The Tx LSM shall be controlled using the state machine transition specified in Table 8 on page
52.

(R-77) The Rx LSM shall be controlled using the state machine transition specified in Table 9 on
page 53.

(R-78)  Table 8 on page 52 and Table 9 on page 53 shall be interpreted according to the following rules:

» The current state, appearing on the first row, shall be signaled to the FE viathe ICP célls.

» The sub-states, appearing on the second row, cannot be signaled, but the corresponding actions
shall be performed.

» The LSMs shall be updated based on the occurrence of the events listed in the first column.

» Events that trigger the LSMs shall be treated sequentially even if they appear simultaneoudly.
The order of treatment isimplementation specific.

Table 8 on page 52 and Table 9 on page 53 contain four types of events that trigger the LSMs.
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Table 8 Detailed Transmit Link State Machine

Primary NE Tx State Not In Group Unusable Usable Active
Sub-State Unassigned Deleted Unusable Usable Active
(Tx=0ff) (Tx=Filler) (Tx=Filler) (Tx=Filler) (Tx=0n)
NE Tx Events (see note 1)
In Group Unusable - - - -
Tx=Filler
(see note 2)
Not In Group - - Deleted Deleted Deleted
(see note 3) Tx=Filler Tx=Filler Tx=Filler
Fault Condition N/A - - Unusable Unusable
(see note 4) Tx=Filler Tx=Filler
No longer Fault N/A - Unusable or Usable | N/A N/A
(see note 5)
Inhibiting - - - Unusable Unusable
Tx=Filler Tx=Filler
No longer inhibiting - - Unusable or Usable | -- -
(see note 5)
FE Rx States Received in |CP cell
Not In Group N/A Unassigned - - Usable
Tx=0Off Tx=Filler
Unusable N/A Unassigned - - Usable
Tx=0Off Tx=Filler
Usable N/A Unassigned - - Usable
Tx=0Off Tx=Filler
Active N/A - - Active or Usable -
(see note 6)
NE Rx States (see note 7)
Not In Group -- -- N/A* N/A* N/A*
Unusable N/A* N/A* - - Usable
(see note 8) Tx=Filler
(see note 9)
Usable N/A* N/A* - - N/A*
Active N/A* N/A* - Active or Usable -
(see note 6)
FE Tx Statesreceived in |CP cell (see note 7)
Not In Group -- -- N/A* N/A* N/A*
Unusable N/A* N/A* - - Usable
Tx=Filler
Usable N/A* N/A* - - -
Active N/A* N/A* -- -- --

! If the NE Tx and Rx events and FE Tx and Rx events appear simultaneously they shall be treated sequentially. The order is
implementation specific.

The LID and ICP Cell Offset shall also be assigned at thistime. Afterwards, the link goes to Unusable; it may subsequently be
tested, or go to Usable, or stay in Unusable because of afault, or some inhibiting actions.

3 “--* means the event isignored in this state.

4 N/A indicates that this event should not happen, but may be ignored otherwise.

° Proceed to Usable with Tx=Filler, only if there are no reasons to remain in Unusable, i.e., no Tx Fault and not inhibiting. The
transition to Usable may be delayed due to an outgoing group-wide synchronized start-up or link addition/recovery of links
(refer to the group start-up procedure requirement (R-97) on page 61 and the LASR procedure requirement (R-105) on
page 65).

6 For symmetrical configuration and operation, proceed to Active with Tx=0n, only if FE Rx is Active and NE Rx state is
Active. The latter condition ensures that this direction is only used if the other direction is also Usable. Under asymmetric
operation (see Appendix D on page 168), proceed to Active with Tx=0On. The transition to Active with Tx=On may be delayed
due to an ongoing group-wide synchronized start-up or link addition/recovery of links (refer to the group start-up procedure
requirement (R-99) on page 61 and the LASR procedure reguirement (R-107) on page 65).

! These are interpreted only if the group is set in the “ Symmetrical Configuration and Operation” mode.

8 N/A* indicates only that for groups set in the “ Symmetrical Configuration and Operation” mode this should not happen, but

o may beignored otherwise.

When running in the “ Symmetrical Configuration and Operation” mode, the IMA shall always ensure that the report to the FE
IMA of the NE Tx state equal to Active is only sent when the NE Rx state is Active. Refer to Table 10 on page 54 for more
details about this.
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Table 9 Detailed Receive Link State Machine

Primary NE Rx State Not In Group Unusable Usable Active
Sub-State Unassigned Deleted Unusable Blocking Usable Active
(Rx=0ff) (Rx=0n) (Rx=Monitor) (Rx=0n) (Rx=Monitor) (Rx=0n)
NE Rx Events (see note 1)
In Group Unusable - - - - -
Rx=Monitor
(see note 2)
Not In Group - - Unassigned Deleted Unassigned Deleted
(see note 3) Rx=0Off Rx=0n Rx=0Off Rx=0n
Failed Condition N/A Unassigned - Unusable Unusable Unusable
(see note 4) Rx=0Off Rx=Monitor Rx=Monitor Rx=Monitor
No longer Failed N/A - Unusable or - - -
Usable (note 5)
Fault condition N/A Unassigned - Unusable Unusable Unusable
Rx=0Off Rx=Monitor Rx=Monitor Rx=Monitor
No longer Fault N/A - Unusable or - - -
Usable
(see note 5)
Inhibiting - - - - Unusable Blocking
Rx=Monitor Rx=0On
No longer inhibiting N/A - Unusable or - - -
Usable
(see note 5)
FE Tx States Received in ICP cell
Not In Group N/A Unassigned - Unusable Unusable Unusable
Rx=Off Rx=Monitor Rx=Monitor Rx=Monitor
Unusable N/A Unassigned - Unusable - Usable
Rx=Off Rx=Monitor Rx=Monitor
Usable N/A Unassigned - Unusable Usable or Active | Active or Usable
Rx=0Off Rx=Monitor (see note 6) (see note 7)
Active N/A - - - Active -
(see notes 6, 8)
NE Tx States (see note 9)
Not In Group - - N/A* N/A* N/A* N/A*
Unusable N/A* N/A* - - - Usable
(see note 10) Rx=Monitor
Usable N/A* N/A* - - Usable or Active | --
(see note 6)
Active N/A* N/A* - - Usable or Active | --
(see note 6)
FE Rx Statesreceived in ICP cell (see note 9)
Not In Group - - N/A* N/A* N/A* N/A*
Unusable N/A* N/A* - - - -
Usable N/A* N/A* - - - -
Active N/A* N/A* -- -- -- --
1

isimplementation specific.

reasons to remain Unusable the link will proceed to Usable.

“--* means the event isignored in this state.
N/A indicates that this event should not happen, but may be ignored otherwise.

If the NE Tx and Rx events and FE Tx and Rx State events appear simultaneously they shall be treated sequentially. The order

Theinitial state will be Unusable, until the LID has been received from the FE and validated, after which if there are no

10

Proceed to Usable with Rx=Monitor, only if there are no reasons to remain in Unusable, i.e., the LID has been received from
the FE and validated, there are no failures, no fault and not inhibited.

For symmetrical configuration and operation, proceed to Active with Rx=0n, only if FE Tx is Active or Usable and NE Tx
state is Active or Usable. Under asymmetric operation (see Appendix D on page 168) proceed to Active with Rx=0n. The
transition to Active with Rx=0On may be delayed due to an ongoing group-wide synchronized start-up or link
addition/recovery of links (refer to the group start-up procedure requirement (R-98) on page 61 and the LASR procedure
requirement (R-106) on page 65).

If the IMA group is operating symmetrically then; if the NE Tx state is Unusable, proceed to “Usable” with Rx=Monitor,
otherwise remains Active with Rx=0n.

The reception of FE Tx Active state signaled via ICP cell when NE Rx is Usable is possible in some situations and should not
be the source of protocol fault report. The FE Tx Active state could also be ignored although this way will lead to longer
delay to return to the Active state.

These areinterpreted only if the group is set in the “ Symmetrical Configuration and Operation” mode.

N/A* indicates only that for groups set in the “ Symmetrical Configuration and Operation” mode this should not happen, but
may beignored otherwise.
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10.1.6 Processing of the Tx and Rx State Fields in the ICP Cells
(R-79)  The IMA interface shall report any change of the Tx and Rx LSMs within the next 2*M (where
M isthe M used by the IMA transmitter) cells on that link over the “Tx State” and "Rx State"
fields of the Link Information field (refer to Table 3 on page 32).

Synchronization of the group start-up or addition/recovery of links involves the synchronization of state
transitions in multiple LSMs. This is covered in more detail in Section 10.2.1 on page 55 and Section
10.2.2 on page 64.

(R-80) ThelMA interface shall use one of the Unusable encodings when reporting the Unusable state.

(O-14) The IMA interface may optionally use "Inhibited", "Failed", "Fault", or "Mis-connected" as a
reason when reporting the Unusable state.

(R-81) The IMA interface shall re-evaluate the Tx and Rx LSMs state upon each incoming ICP cell

with new state indication.

Table 10 on page 54 shows, for all group symmetry modes, the valid combinations of the states of the Tx
and Rx LSMs corresponding to the Tx and Rx IMA links carried over each direction of the same physical
link.

(R-82) Each end shall alow the valid combinations of Tx and Rx link states and disallow the invalid
combinations, as specified in Table 10 on page 54.
Table 10 Valid Combinations of the Tx and Rx Link States
Not In Group | Not In Group | Valid Vvalid Valid
Not in Group | Unusable Invalid Invalid Valid
Not In Group | Usable Invalid Invalid Vvalid
Not In Group | Active Invalid Invalid Vvalid
Unusable Not In Group | Invalid (see note 1) Invalid (see note 1) Vvalid
Unusable Unusable Valid Vvalid Vvalid
Unusable Usable Valid Valid Vvalid
Unusable Active Invalid Vvaid Vvaid
Usable Not In Group | Invalid Invalid Vvalid
Usable Unusable Valid Vvalid Valid
Usable Usable Valid Valid Vvalid
Usable Active Valid Vvalid Vvalid
Active Not In Group | Invalid Invalid Vvalid
Active Unusable Invalid Vvaid Vvaid
Active Usable Invalid Valid Vvalid
Active Active Valid Valid Vvalid

1 The IMA unit shall report the Rx state as “Not In Group” until it has validated the LID of the incoming IMA link, although the actual stateis
Unusable.

Appendix E on page 171 presents examples of link state exchanges between both ends.
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10.2 IMA Group Operation

This section defines the operation of the IMA group. The operation of the IMA group is governed by the
Group State Machine (GSM), the Group Traffic State Machine (GTSM), and by the Link Addition and
Slow Recovery (LASR) procedure. These three items are used to ensure reliable transmission and reception
of ATM layer cells across all links in the Active state. This includes the negotiation of group parameters
(e.g., symmetry and M values), the bringing up of the IMA group, and the graceful addition/recovery and
deletion of links to and from the group.

10.2.1 IMA Group State Machine Definition

10.2.1.1 Overview of the Group State Machine

An overview of the GSM chart is shown in Figure 13 on page 56. The GSM starts in the Not Configured
state and then enters the Start-up state. This transition corresponds to the time the UM configures the IMA
group. In the Start-up state, the IMA unit proposes group parameters to the FE and waits to determine if the
proposed parameters are accepted by the FE. This is done by monitoring the "Group Status and Control”
fields in the incoming ICP cells. The FE will indicate if it accepts the proposed group parameters by
returning Start-up-Ack. The FE will return Config-Aborted if it rejects the parameters.

While in the Start-up state, the local IMA unit also has to determine if it can accept the group parameters
proposed by the FE. If it accepts the proposed parameters, it goes into the Start-up-Ack state. If it rejects
the proposed parameters, it goes into the Config-Aborted state.

Once in the Start-up-Ack state, the local IMA unit now waits for one of the signals specified in Figure 13 to
enter the Insufficient-Links state. At this point, the GSM starts paying attention to the individual LSMs. It
stays in the Insufficient-Links state until it gets the number of links required to be Active. This number is
specified in terms of Pr, and Pry, Where Pry represents the number of links required to be Active in the
transmit direction and Pr, represents the number of links required to be Active in the receive direction. Pry
and Pr, are equal if the group is operating in the Symmetrical Configuration and Operational mode. It is
required that the GSM receives indications from the individual LSMs about the status of the links.
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Reject FE parameters while
FE = (Start-up or Start-up-Ack)

/" Not Configured "\ / Start-up* \\ h/ Config-Aborted* "\
Group Set-up l

NE restarts group,

NE restarts Group Accepting group FE = Start-up with
from all states except parameters new parameters,
Group Removed Not Configured (IMA OAM Label, or Timeout
from any other M, and
states Group Symmetry)
while FE =

FE = Start-up from
Insufficient-Links,
Blocked, Timeout
Opertional

(Start-up or
Start-up-Ack)

Start-up-Ack*

FE = Start-up-Ack,
Insufficient-Links,
Blocked or Operational

Sufficient links
Insufficient-Links* while not inhibited

Sufficient links
while inhibited

"

Not sufficient Not sufficient

v links No longer links '

inhibiting
/ Blocked* Operational*
'\Inhibiting 2\

= *: Group state required to be signalled to the FE.

= Config Aborted State: to avoid a race hazard, the NE GSM should remain in this state for at least one second;
this is to allow for at least one round trip of communication between both ends on fhe IMA virtual links.

= Start-up-Ack: The NE GSM should wait for at least one second before moving to Start-up. This return to Start-
up occurs if one of the expected signals which would cause the move to Insufficient-Links is not received from
the FE GSM.

= Sufficient links transition is defined as:
For symmetric operation: at least P__transmit links Active in both directions where P, and P, are equal.
For asymmetric operation: at least P__transmit links Active and P, receive links Active.

L/

Notes:

Figure 13 Overview of the Group State Machine (GSM)

Once the group gets the number of links required to be Active, it moves into the Operational state if it has
not been inhibited. Once in the Operational state, the group is alowed to receive ATM cells and pass them
to the ATM layer. The NE must receive the Operational state signal from the FE before transmitting cells
from the ATM layer. Figure 14 on page 57 illustrates the Group Traffic State Machine (GTSM) that
indicates the capability of the group to transmit cells from the ATM layer. ATM layer cells can be only
transmitted by the NE when both the NE and FE IMA groups are in the Operationa state.

The GTSM allows the NE to ensure that both ends have sufficient Links before starting transmitting cellsto
the FE.
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K Down \/”—\5/ Up \
Either Local GSM 1t Operational

or Both Local GSM = Operational and
Remote GSM * Operational '\/ Remote GSM = Operational
Notes:

There may be a persistence to aggregate changes between these states.
This is implementation and application specific.

Figure 14 Group Traffic State Machine (GTSM)
Figure 13 on page 56 also shows the presence of two time-outs. One time-out is used to allow the GSM to
return from the Config-Aborted to the Start-up state to indicate to the FE that it is ready to propose and
evaluate new group parameters. A second time-out is used to return from Start-up-Ack to Start-up when the
NE is not receiving one of the FE signals required to transition to Insufficient-Links. In both cases, the
time-out is required to be at least one second long.

The GSM also has the Blocked state defined for maintenance purpose.

10.2.1.2 Detailed Group State Machine Definition

This section defines the characteristics of the GSM. Table 11 on page 57 describes the state of the GSM.

Table 11 Description of GSM States

State Description

Not Configured The group does not exist

Start-up Thisend isin start-up and is waiting to receive the indication that the FE isin start-up. When
sufficient communication with the FE is achieved, the Group Parameters (IMA OAM Label, IMA ID,
M, and Group Symmetry) are recorded and the group moves to Start-up-Ack.

Start-up-Ack Thisisatransitiona state, when both groups start-up, they then move through this state to the
Insufficient-Links state. While in this state, indications from the FE that it isin Start-up are ignored.

Config-Aborted This state is entered when the FE tries to use unacceptable configuration parameters. This state has
the following sub-states:

unsupported M
* incompatible group symmetry
* unsupported IMA version

*  other reasons.

Insufficient-Links This state implies that the group has accepted the FE group parameters and has been indicated that the
FE has also accepted its own group parameters, and does not have sufficient links to move into the
Operational state. This state is exited when "sufficient links" can be moved into the Active state (see
note 1).

Blocked The group is blocked (e.g., inhibited by the UM), The group can be blocked for maintenance
purposes while sufficient links are Active in both directions.

Operational The group is not inhibited and has sufficient links in both the Tx and Rx directions. The IMA
interface has now the capability to receive ATM layer cells and pass them from the IMA sublayer to
the ATM layer.

1. The term “ Sufficient Links” is defined as: for symmetrical operation, this correspondsto at least Prx links that are Active in both directions (Prx =
Prx); for asymmetrical operation, this corresponds to at least Pr, links that are Active in the transmit direction and at least Py, links that are
Active in the receive direction.

(R-83) Thestateslisted in Table 11 on page 57, with the exception of the Not Configured state, shall be
reported to the FE group using the corresponding value defined in the "Group Status and
Control” field in Table 2 on page 31.
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(R-84) The IMA transmitter shall aways send over each link the same value in the “ Group Status and
Table 2 on page 31) for at least two consecutive IMA frames.

Thisisrequired in order to ensure that the FE is properly informed.

(R-85)  The GSM shall validate the Rx OAM Label, Rx M, and Rx IMA ID over at least one link before
moving into the Start-up-Ack state.

(R-86) The IMA unit shal use the validated Rx OAM Label, Rx M, and Rx IMA ID to achieve IMA
frame synchronization as defined in Section 11 on page 68.

Other group fields in the ICP cells do not have to be validated over all links once the Rx OAM Label, Rx
M, and Rx IMA 1D have been validated.

The values of Pr, and Py, mentioned in Table 11 on page 57, represent the numbers of links required by
the GSM to move into the Operational state while synchronizing the activation of the links in both Tx and
Rx directions (more details on the synchronized activation of the links in provided in Section 10.2.1.3 on
page 61 and Section 10.2.2 on page 64). The assignment of Pr, and Pry is implementation specific.

(R-87) The GSM shall ensure that at least Pr, links in the transmit direction and Py links in the receive
direction can be moved into the Active state before moving the GSM into the Operational state.

(R-88)  Pryx and Pgy shall be greater than 0.

(R-89) Prx and Pg shall be set to an equal value if the IMA unit is configured in the Symmetrical
Configuration and Operation mode.

(O-15) Thevaues of Pr, and Pk« may be configurable.

Table 12 on page 58 lists and describes the local events causing GSM state transitions.

Table 12 Local Events Driving the GSM

Event Description
Group Setup The establishment of the IMA Group by the UM.
Group Removed Removal of the IMA Group by the UM.
Acceptance of FE Group All the FE group parameters are acceptable while the FE GSM is the Start-up or Start-up-Ack
Parameters state.

Rejection of FE Group Parameters [ One or more of the FE group parameters are unacceptable. For example, the proposed M valueis
not supported or the requested group symmetries are different.

Inhibiting An implementation specific shut down of the group for a reason other than insufficient links
(e.g., by the UM).

No longer inhibiting Removal of the inhibiting condition.

Sufficient Links See the description of the Insufficient-Links state in Table 11 on page 57.

Not Sufficient Links See the description of the Insufficient-Links state in Table 11 on page 57.

Events that cause a new startup This can be driven by many causes, a new local configuration, arealization that the FE is
attempt from Config-Aborted attempting start-up with a different configuration, or simply atimeout to retry. These are
implementation specific.

(R-90) If the requested configuration is unacceptable, the IMA unit shall indicate this using the Config
Aborted state for at least 1 second.

The previous requirement is to alow for at least one round trip of communication between the NE and FE
(4*M cells plus round trip time).

(R-91) ThelIMA unit shall support the GSM state transitions as defined in Table 13 on page 60.
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Table 13 on page 60 shows the state transition of the GSM. The first row lists the current state, and the first
column indicates the event triggering state change. Two categories of events (NE events and FE states) are
defined. If events occur simultaneously, they shall be treated sequentially. The order is implementation
specific.
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Table 13 Group State Machine (GSM) State Transitions

Not Start-up Start-up-Ack |Config- Insufficient- | Blocked Operational
Configured Aborted Links
(see note 1)
NE Rx Events
Group Set-up Start-up - - - - - -
Group Removed - Not Not Not Not Not Not
(see note 2) Configured Configured Configured Configured Configured Configured
Acceptance of FE Group - Start-up or N/A N/A N/A N/A N/A
Parameters Start-up-Ack | (see note 4)
(see note 3)
Rejection of FE Group - Config- Config- - N/A N/A N/A
Parameters Aborted Aborted
(see note 5)
Inhibiting -- -- -- -- -- -- Blocked
Not inhibiting - - - - - Operational -
(see note 6)
Sufficient links - - - - Blocked or - -
Operational
(see notes
6,7)
Not Sufficient links - - - - - Insufficient- Insufficient-
Links Links
Local Restart - Start-up Start-up Start-up Start-up Start-up Start-up
(see note 8)
Time-out - - Start-up Start-up - -
(see note 9) (seenote 10) | (see note 11)
FE Statesignaled via ICP cell
Start-up - Start-up, - Start-up or Start-up Start-up Start-up
Start-up-Ack, Config-
or Config- Aborted
Aborted (see note 13)
(see note 12)
Start-up-Ack - Start-up, Insufficient- - - - -
Start-up-Ack, [Links
or Config-
Aborted
(see note 12)
Config-Aborted -- -- -- -- -- --
Insufficient-Links - - Insufficient- - - -
Links
Blocked - - Insufficient- - - -
Links
Operational - - Insufficient- - - -
Links (see note 6)
1 .
Starting state.
2 "--" means the event isignored in this state.
3 Proceed to Start-up-Ack if FE=(Start-up-Ack or Start-up), otherwise remain in Start-up.
4 N/A (Not Applicable) indicates that this event should not happen, but may be ignored otherwise.
5

Reporting “Rejection of FE Group Parameters’ is not expected when GSM isin Start-up-Ack state, since the FE group
parameters had to be accepted to allow GSM to move into the Start-up-Ack state.

6 The GTSM shall be only Up when both the NE and FE GSMs are operational.

! If inhibiting go to Blocked state, otherwise to Operational state.

8 To perform a graceful group restart, the group may be blocked or all the links inhibited before restarting.

o Time-outs are only meaningful for Start-up-Ack (see note 10) and Config-Aborted (see note 11).

10 This time-out shall be at least one second. Thiswill provide enough time for the FE GSM to notice that the NE GSM isin
Start-up-Ack and to change to Start-up-Ack itself.

1 When the GSM aborts due to unacceptable configuration, it shall remain in the Config-Aborted state for at least one second (at
least one round trip delay between both ends).

12 If the new parameters are acceptable proceed to Start-up-Ack, if rejected proceed to Config-Aborted or remain Start-up if the
IMA has not yet decided to accept the parameters.

13 If receiving FE-Start-up with new group parameters, then proceed to Start-up, otherwise remain in Config-Aborted.
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(R-92)  Each IMA interface shall independently determine whether the group is up or down with respect
to carrying traffic asin Figure 14 on page 57 and report the result according to Table 14 on page
61.

(R-93) The IMA unit shall report the entrance of the GTSM into the Down state to the UM and ATM
Layer Management. This shall be the only notification to the ATM Layer Management about
Physical Layer defects or failures (other notifications to the UM are possible).

(R-94)  The IMA unit shall report the return of the GTSM to the Up state to the UM and ATM Layer
Management.

Table 14 GTSM States and Corresponding Report Priority

GTSM State Reasons Report Priority (see note 1)

Up

Down FE Start-up 1 (Most important)

Down NE Aborted (with given reason) 2

Down FE Aborted (with given reason) 3

Down NE Insufficient Links 4

Down FE Insufficient Links 5

Down NE Blocked 6

Down FE Blocked 7 (Least important)

1. Thereport priority applies only when reporting that the GTSM has moved to the down state.

(R-95)  ThelMA interface shal not drop any ATM layer cells when adding or recovering links while the
GSM is maintained in the Operational state.

(R-96) The IMA interface shall not drop any ATM layer cells when deleting or inhibiting links while
the GSM is maintained in the Operational state.

When links are being deactivated due to link failure or link deletion, the bandwidth of the IMA group
decreases. Appendix C.1 on page 157 explains the possible actions to be performed in this case.

10.2.1.3 Synchronized Link Activation during Group Start-up Procedure

This section defines extra requirements to synchronize the activation of the links during the Group Start-up
procedure.

To minimize the number of bandwidth changes on the IMA virtua link, as a result of group start-up, it is
important to activate as many links as possible at the same time. The following requirements ensure that as
many links as possible (i.e., that are acceptable in terms of delay) are activated at the same time.

(R-97)  The group start-up procedure shall ensure that all accepted links have their states changed to
Tx=Usable in the same update of the ICP cell.

(R-98) The group start-up procedure shall ensure that al accepted links have their states changed to
Rx=Active in the same update of the ICP cell after the Tx state of the accepted links has been
reported Usable in a previous update of the ICP cell.

(R-99) The group start-up procedure shall ensure that all accepted links have their states changed to
Tx=Active in the same update of the ICP cell after the Rx state of the accepted links has been
reported Active in a previous update of the ICP cell.
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(R-100) The group start-up procedure shall wait a minimum of one second before reporting links
Rx=Active, unless all the configured links are being reported Tx=Usable by the FE.

(R-101) The group start-up procedure shal wait a minimum of one second before reporting links
Tx=Active, unless al the configured links are being reported Rx=Active by the FE.

Figure 15 on page 63 provides an example of the detailed behavior at each end of the IMA virtual link
during group start-up.

An example of the flow of the start-up procedure over time is shown in Figure 16 on page 64. The figure
highlights the essential checkpoints required to be passed before moving further in the process. The links
become part of the sequencing round-robin (RR) when the transmitting end has alocated them a LID and
the recelving end has started synchronizing them (delay compensation for accommodating longest
propagation delay links).

Appendix D on page 168 details the start-up procedure when using a different value for Pr, and Pry in the
case of optional asymmetrical operations.
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Stop sending Config Abort

|_

(specify reason)

Start sending ICP/Filler cells over provisioned links
Indicate links in group in Link Info Fields in ICP cells
Propose IMA ID, Frame Length, and LID in ICP cells
Check status of provisioned incoming/outgoing links

Reject links with link defects (see note 3)
Continue procedure with links not exhibiting defects

Accepting FE
Group parameters

Send Config-Abort signal in ICP cells

(IMA OAM Label, M, and
Group Symmetry)?

Report GSM = Insufficient Links

A

At least No

Pg, links in
Rx = Usable ?

At least

P, links reported
Rx=Usable
by FE ?

- Report all accepted links Tx=Usable
- Look for incoming ICP cells with Rx=Usable set without LODS
set for all Tx links (see note 2)

At least

Pg, links in
Rx = Active?

Report all accepted links Rx=Active (see note 2)

At least

P, links reported
Rx=Active
by FE?

- Report links in Tx=Active
- Report GSM=Operational

Operational

Notes:
1)

)
3)

The Insufficient-Links state is entered as defined in this section.

Should use time-outs accounting for round trip delay.

A link defect could be alocal or FE link defect.

Figure 15 Example of Synchronized Link Activation during Group Start-up
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Rx=Usable and report them (2)

Determine links to be set
Rx=Usable and report them (2)

Send “Tx=Usable” on all
accepted links (3)

Send “Tx=Usable” on all
accepted links (3)

Keep Usable links
(reject others)

Keep Usable links
(reject others)

Send “Rx=Active” signal (4) Send “Rx=Active” signal (4)

Send “Tx=Active” signal (5) Send “Tx=Active” signal (5)

ALY

Notes

1) Each link is assigned a LID.

(2)  Atthis point, links reported Rx=Usable are those that have been recognized within the IMA group, that do not exhibit any
defects and that exhibit proper link differential delay.

(3)  Alllinks are reported Tx=Usable at the same time.

(4)  Alllinks are reported Rx=Active at the same time.

(5) The transmit links can be activated once they all have been recognized Active in the receive direction or after some time-out
has expired and P out of N of the receive links have been recognized Active. Links are reported Tx=Active at the same time.

Figure 16 Example of Synchronized Link Activation during Group Start-up over Time

10.2.2 Link Addition and Slow Recovery (LASR) Procedure

The Link Addition and Slow Recovery (LASR) procedure is defined to synchronize the insertion of new or
recovered links within the IMA RR. Figure 17 on page 66 gives an example of the group and link actions at
each end of the IMA virtua link. It is required that each end of the IMA virtual link process the LASR
procedure in order to complete the insertion and activation of the newly inserted links. Links being inserted
can be removed during the execution of the LASR procedure.
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(R-102) The LASR procedure shall be used to synchronize the insertion of new links or recovered links
added using the slow recovery mechanism, defined in Section 12.1.3.1 on page 74, within the
IMA RR.

(R-103) Only one LASR procedure per IMA group shall be executed at any time. The link addition shall
be used to insert one or more than one link at the same time.

(R-104) If the LASR procedure is in progress, the insertion of one or more new links triggered by the
UM or apossible slow link recovery (as defined in Section 12.1.3.1 on page 74) shall be delayed
until the link addition procedure is completed or aborted (link addition capability is enabled once
again as shown in Figure 17 on page 66).

(R-105) The LASR procedure shall ensure that all the links being inserted have their states changed to
Tx=Usable in the same update of the ICP cell.

(R-106) The LASR procedure shall ensure that all the links being inserted have their states changed to
Rx=Active in the same update of the ICP cell after the Tx state of the accepted links has been
reported Usable in a previous update of the ICP cell.

(R-107) The LASR procedure shall ensure that all the links being inserted have their states changed to
Tx=Active in the same update of the ICP cell after the Rx state of the accepted links has been
reported Active in a previous update of the ICP cell.

(R-108) The LASR procedure shall wait a minimum of one second before reporting links Rx=Active,
unless all the links being inserted are being reported Tx=Usable by the FE.

(R-109) The LASR procedure shall wait a minimum of one second before reporting links Tx=Active,
unless all the links being inserted are being reported Rx=Active by the FE.

An example of the execution of the LASR procedure over time is shown in Figure 18 on page 67.
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« Wait until time-out expires . o )
« Re-active the LASR procedure <_ Start time-out to suspend link insertion

Allocate unused LIDs to inserted links

Report inserted links as Unusable o)
Start sending ICP cells over the inserted links
Check status of inserted links

Any
inserted links
without defect?

No

* Reject inserted links with link defects

+ Continue procedure with good (no defect) links
+ Check IMA ID over inserted good links

« Ensure proper connectivity over inserted links

Any No
inserted links >
in Rx=Usable?
* Check LDS for good links (2)
Any inserted No

links reported
Rx=Usable
by FE?

* Report inserted links in Tx=Usable (2)

Any inserted No
links in >
Rx=Active?
* Report inserted links in Rx=Active (2)
Any inserted No

links reported
Rx=Active
by FE?

* Report inserted links Tx=Active
« Start sending ATM layer cells over them

Notes:
1) Only applied when inserting new links (not for link slow recovery)
) Should have time-outs accounting for round trip delay

Figure 17 Link Addition and Slow Recovery (LASR) Procedure
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End A End B
Tx/Rx Tx/Rx
Assign new links..............}
@
@

Assign new links

Determine links to be set
Rx=Usable and report them (2)

Determine links to be set
Rx=Usable and report them (2)

Send “Tx=Usable” on all
accepted links (3)

Send “Tx=Usable” on all
accepted links (3)

Keep Usable links
(reject others)

Keep Usable links
(reject others)

Send “Rx=Active” signal (4) Send “Rx=Active” signal (4)

Send “Tx=Active” signal (5) Send “Tx=Active” signal (5)

ALY

Notes

1) Each link is assigned a LID.

(2)  Atthis point, new links are those that are Usable at both ends.

(3)  Alllinks are reported Tx=Usable at the same time.

(4)  Alllinks are reported Rx=Active at the same time.

(5) The new links can be activated in the transmit direction once they all have been recognized Active in
the receive direction or after some time-out has expired and some of the links have been recognized
Active in the receive direction. All new links should be reported Tx=Active at the same time.

Figure 18 Example of Link Addition Procedure over Time
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11. IMA Frame Synchronization Mechanism

This section defines the IMA Frame Synchronization Mechanism (IFSM). It is based on the cell delineation
mechanism in ITU-T Recommendation 1.432[30] and ANSI T1.646[6].

(R-110) Each IMA link in the group shall provide the IFSM as shown in Figure 19 on page 69 and Table
16 on page 69.

In the standards for the Physical Layer specification like ITU-T Recommendation 1.432 or ANSI T1.646
the synchronization mechanism is specified independent of error/maintenance handling. The
synchronization states form a basis for the different error and maintenance states. The same applies for this
specification.

The IFSM consists of the IMA Hunt, IMA PreSync, and IMA Sync states. By analogy with ITU-T
Recommendation 1.432 and ANSI T1.646, the checking scheme should be Cell-by-Cell in the IMA Hunt
state and Frame-by-Frame in the IMA Sync and IMA PreSync states.

(R-111) ThelFSM (implemented for each link separately) shall operate independently of any link defects
and link delay compensation.

(R-112) The default value of Alpha(a), Beta(b) and Gamma(g), variables appearing in Figure 19 on page
69, shall be supported as specified in Table 15 on page 68.

(O-16) The support of values of Alpha(a), Beta(b) and Gamma(g) other than the default values, such as
specified in Table 15 on page 68, is optional.

Table 15 Alpha, Beta, and Gamma values

Setting Range Default (Required support)
Alpha(a) 1-2 2

(consecutive invalid ICP cells)

Beta(b) 1-5 2

(consecutive errored ICP cells)

Gamma(Q) 1-5 1
(consecutive valid ICP cells)

(R-113) Upon the occurrence of a HEC/CRC errored cell in the ICP position, the receiving end shall
ignore the cell content but shall assume that it was an ICP cell.

(O-17) The IFSM may also go into the Hunt state from any other state when cells are no longer being
received from the physical layer.

Table 16 on page 69 provides the definitions of the terms appearing in Figure 19 on page 69.
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Optional: valid ICP at unexpected position (with cell by cell hunting)

Missing ICP Cell

Starting
State

a consecutive
invalid ICP cells

b consecutive
errored ICP cells

IMA Sync
(frame by frame)

IMA Hunt
(cell by cell)

One invalid or
errored/missing
ICP cell

One valid

gconsecutive ICP cells

valid ICP cells

No longer getting cells
from the Physical Layer
(optional)

IMA PreSync
(frame by frame)

Notes:

. The value of a, b, and gare settable as specified in this section.
. In brackets: checking scheme in each state (cell by cell or frame by frame checking)
. See next table for definition of terms.

Figure 19 IMA Frame Synchronization Mechanism (IFSM)

Table 16 Definitions for IMA Synchronization Mechanism

Term Definitions

Invalid ICP Cell Cell with good HEC & CRC and CID = ICP at expected frame
(see notes 1, 2, 3, and 4) position with

(unexpected IMA OAM Label) or

(unexpected LID) or

(unexpected IMA D) or

(received M not equal to expected M of the IMA group) or
(unexpected IMA frame number) or

(unexpected I CP cell offset)

Errored ICP Cell A cell withaHEC or CRC error at expected |CP cell position if
(see note 5) itisnot aMissing cell.
Valid ICP Cell (Cell with CID field equal to ICP) and

(No IMA OAM header, HEC, or CRC error), and
(expected IMA OAM Label) and

(expected LID) and

(expected IMA 1D) and

(received M equal to expected M of the IMA group) and
(expected IMA frame number) and

(expected ICP cell offset)

Expected/unexpected IMA OAM Label, LID, IMA ID, M, ICP cell offset

(see notes 1, 2, and 3) expected/unexpected related to value fixed during group start-
up or link addition: when in Start-up, any value isto be
expected.

IMA frame number, stuff indication: to separate reference
counting at Rx side (see note 5).
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Term Definitions

Missing ICP Cell (Cell located at ICP cell location without HEC error and
without IMA OAM cell header) or

(Cell located at ICP cell location without HEC error, with IMA
OAM cell header, and without CID field equal to ICP)

Consecutive ICP Cells ICP cells sent on the same links in consecutive IMA frames
(see notes 5, 6, 7) (excepting the SICP cell in a stuff event, and regardless of
offset). Thus one consecutive ICP cell isan ICP cell on onelink
in one IMA frame, two consecutive |CP cells are the cells on
the same link in two consecutive IMA frames, etc.

1 Unexpected IMA OAM Label means that the IMA OAM Label no longer matches the IMA OAM Label that had been previously validated at
group start-up.

2. Unexpected IMA 1D means that the IMA ID is no longer matching the IMA ID that has been previously validated. If the reception of the
unexpected IMA 1D persists, the Rx IMA has to re-evaluate the new IMA ID to determine if it shall accept or reject the new IMA ID for the
given IMA group.

3. Unexpected LID means that the incoming LID is no longer matching the LID that has been previously validated. If the reception of the

unexpected LID persists, the IMA receiver has to re-evaluate the new LID to determine if it shall accept or reject the new LID for the given

link.

Invalid stuff sequence appearing in consecutive |CP cells may also be used as a parameter to detect and report an invalid ICP cell.

Only applicable to “frame by frame” checking.

The IFSM shall only reset the counting of "Invalid ICP cells' when avalid ICP cell is detected. The fact that an errored ICP cell arrived before

Beta(b) ICP cells shall not cause the counting of "Invalid ICP cells' to be reset.

7. The IFSM shall reset the counting of "Errored ICP cells" when receiving Valid or Invalid ICP cells (both types are received with a good HEC
and CRC value).

o0 A

11.1 IMA Frame Synchronization with Stuff Events

The IMA receiver should preserve the IMA frame synchronization while receiving stuff events subjected to
HEC or CRC errors.

Figure 20 on page 71 shows cases when one or more of the ICP cells preceding and comprising the stuff
event are HEC or CRC errored. The reader should note that since the two ICP cells comprising the stuff
event are supposed to be identical, and in fact represent the same ICP cell position, shown in Figure 20 as
“ICP n+1", the IFSM should consider only one of the two ICP cells of each stuff event when making its
various transitions.

(R-114) The IMA receiver shall maintain synchronization for cases 1, 2, 3, and 6 represented in Figure
20 on page 71 when Alpha(a) or Beta(b) is greater than one.

(O-18) The IMA receiver may optionaly maintain synchronization for cases 4 or 5 in Figure 20 on
page 71.

Case 4 requires the use of cell-by-cell hunting as described in Section 11 on page 68.

(O-19) The IMA receiver may optionally maintain synchronization for case 7 in Figure 20 on page 71,
when passing stuff indication over more than one of the previous ICP cells and when b, as
defined in Section 11 on page 68, is greater than 2.
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Figure 20 Error on ICP Cells Preceding and Comprising a Stuff Event
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12. IMA Interface OAM Implementation
This section specifies the physical layer OAM functions and procedures required on the IMA interface.
12.1 IMA OAM Functions

12.1.1 IMA Group Maintenance Signals

Section 10.2.1 on page 55 specifies the signals to be used for reporting the actua state of the GSM and
GTSM.

12.1.2 IMA Link Maintenance Signals

Section 10.1.6 on page 54 specifies the signals to be used for reporting the actual transmit and receive link
states to the FE.

(R-115) Thefollowing link remote defect indicators shall be used to report local IMA defects:

 Link defects: indicates that a link defect has been detected at the local end (i.e., LOS, OOF/LOF, AIS, or
LCD).

» LIF: indicatesthat a LIF defect has been detected at the local end.
* LODS indicates that aLODS defect has been detected at the local end.

(R-116) If severa defects are detected at the same time, the defect with the highest priority, as listed in
Table 17 on page 72, shall be reported.

Table 17 Priorities of Defect Reports

Priority Rx Defect

1 (highest) Link defect (e.g., LOS, OOF/LOF, AlSor LCD)
2 LIF

3 LODS

The IMA defects (LIF or LODS) are defined in Table 18 on page 77.

(R-117) TheIMA receiver shal report any Rx defect to the far-end IMA within the next 2*M cells to be
transmitted after the defect state has been entered as specified in Section 12.1.3 on page 72
(where M isthe M used by the IMA transmitter).

There is no immediate relationship between any defect reporting and the Tx and Rx link states.

12.1.3 IMA Link Error Handling
This section defines the procedures to handle IMA link errors.

(R-118) Error handling of IMA links shall be as specified Figure 21 on page 73 and Figure 22 on
page 74.

Error handling regarding anomalies, defects, and failures are specified based on the IMA Frame
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Synchronization Mechanism (IFSM) defined in Figure 19 on page 69. Figure 21 on page 73 shows the
relationship between the states of the IFSM and the error/maintenance states derived from the cell
delineation procedure defined in ITU-T Recommendation 1.432[30] and ANSI T1.646[6]. The IMA
Working state corresponds to the case where the IFSM has been in the IMA Sync state. The IMA “OIF
Anomaly” state corresponds to the cases when the IMA frame synchronization mechanism has exited the
IMA Sync gate. The IMA LIF defect corresponds to the case where the OIF anomaly has persisted for at
least “Gamma(g)+2” IMA frames. The choice of “Gamma(g) + 2" has been made to minimize possible
racing between the transition of the IMA Error State Machine (IESM) into either the IMA Working or LIF
dtate. In the case where no cdl/frame is transferred from the PHY layer to the IMA sub-layer such as
covered by option (O-17), the transition from OIF to LIF may also be triggered when OIF persists for
“Gamma(g) + 2" IMA Frametimes.

The “IMA LIF Defect” state is exited when the IMA frame synchronization mechanism has been in the
IMA Sync state for at least two IMA frames.

Persistence (g+2) IMA frames

Leaving IMA
Sync State

Out of IMA
Frame (OIF)
Anomaly

LIF
Defect

IMA
Working State

Entering IMA
Sync State

Persistence of IMA SYNC for at least 2 IMA frames
(differential link delay has to be checked and maybe re-synchronized

Figure 21 IMA Error/Maintenance state Diagram
Appendix C.7 on page 165 provides three examples of interactions between the IFSM and IESM.

(R-119) On adgiven link, the IMA receiver shall pass to the ATM layer from the IMA sublayer any cells
accumulated before the occurrence of an OCD or OIF anomaly on that link.

(R-120) ThelIMA receiver shall pass from the IMA sublayer to the ATM layer no cells received on alink
during an OCD or OIF anomaly condition reported on that link.

(R-121) The IMA receiver shall replace with Filler cells all ATM layer cells received on alink after an
OCD or OIF anomaly condition has been detected on that link.

(R-122) The IMA unit shall not report an Rx defect to the FE until the LIF or LODS defect state is
entered.

(R-123) Thereporting of the LIF or LODS defect shall be as specified in Section 12.1.2 on page 72.

The two major states shown as largest boxes in Figure 22 on page 74 are distinguished by whether or not
the FE is informed during the error handling. In the case where the FE is not informed, the sub-states are
distinguished by whether cells received in the sub-state are passed to the ATM layer or discarded.

In general, the detection of failures is based on the persistence of defects and received "FE defect reporting”
and is implementation specific. The same applies for the detection of the Rx Failed condition defined in
Section 10.1.4 on page 50.

The action of maintaining synchronization also means that the IMA receiver passes valid incoming cells to
the ATM layer asif the bad link was simply receiving Filler céells.
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It should be noted that there is only one state in which incoming ATM layer cells can be passed to the ATM
layer.

/ IMA-Tx: No FE defect reporting IMA-Tx: FE defect reporting
No Anomaly Anomalies Link Defects Delay Check
| In Link Delay Loss of Delay
Synchronization @ Synctgli%nsl)zatlon
PHY:
A _’
Specific I
TC sublayer @ s f?e a_y i
‘ ynchronization
IMA: FOU‘ of 'O’V:ﬁ Loss of IMA @
Working State rame (OIF) Frame (LIF)
@ Anomaly
PHY:
Interface Cell Destination:
Specific Working State OCD Anomaly
TC Sublayer Sync @
v Discarding
ATM Layer Cells
No LOS, AIS LOS (Notes 2 and 3)
and OOF/LOF
In-Frame @ AIS
PHY: Discarding
I_S?ngz 1; ATM Layer Cells Discarding
Y (Note 1)
and PMD ATM Layer Cells
Passing ATM (Note 2)
Layer Cells to }
ATMLayer |« / \
State Transitions: Notes:

1) Fast recovery: ATM layer cells that are received are discarded.

Transition according to IFSM for leaving IMA SYNC. When Rx=0n, the IMA receiver shall emulate the reception of

ATM layer cells by substituting Filler cells.

" . 2) Medium recovery: the IMA receiver is waiting for persistent
Enter!ng SYNC state accordlng to IFSM. defect. The Rx=0On action is performed until the persistence
Entering t_he !MA Sync Stgte triggers a new delay leads to the entrance of the RX Failed state. When Rx=0n, the
synchronization for that link. IMA receiver shall emulate the reception of ATM layer cells by

substituting Filler cells.

3) Slow recovery: RX Failed occurs. When Rx=0n, the IMA
receiver shall emulate the reception of ATM layer cells by
substituting Filler cells.

4 Differential delay synchronization should be checked and re-
synchronized.

LOS, LOF (DS1)/LOF(E1), or AIS or other lower layer
notification is reported at the physical layer.

LCD notification is reported at the physical layer.

Persistence: “Gamma(g) + 2" IMA Frame times.

Loss of Delay Synchronization (LODS).

No LOS, OOF/LOF, AIS, LCD, or LOF condition detected.

LOS, LOF, AlS, LCD, LIF, or LODS.

OCNCONCONONOCNONONNONOC

No error reporting by IMA protocol, recovery of the link.

Figure 22 IMA Error Handling Overview

12.1.3.1 IMA Link Recovery Mechanisms
According to Figure 22 on page 74, three types of link recovery are possible:

1. Fast recovery without entering the defect zone (e.g., going directly from "IMA Out of Frame" anomaly
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to the IMA Working state as described in Figure 21 on page 73); the FE is not aware of the anomaly
and the fast recovery.

2. Medium recovery: a defect is reported and the FE defect reporting is initiated; the FE is aware of the
defect and the medium recovery.

3. Slow recovery: a Rx Failed condition is entered due to the persistence of a defect; this triggers the
deactivation of that link and the recovery by the IMA protocol as specified in Section 10.1.5 on page
50; the FE is aware of the deactivation of the link and the slow recovery. Examples of the slow
recovery are shown in Figure 46 on page 175 and Figure 47 on page 176.

The slow recovery mechanism using the IMA protocol is is dependent on how the local end processes the
defect and declares the Rx Failed condition. The occurrence of the Rx Failed condition will cause the LSM
to move the Unusable state (see Section 10.1.5 on page 50).

12.2 IMA Performance and Failure Alarm Monitoring

This section describes the requirements for IMA performance and failure alarm monitoring.

Figure 23 on page 75 illustrates the way monitored parameters are used by both the layer management
entities, for driving the LSM, and for failure and performance monitoring. NE events (in terms of
anomalies, signals, and defects) and FE reports (in terms of anomalies, signals, defects and error
conditions) are defined to provide performance monitoring parameters. NE events and (processed) failures
are a so defined to make up FE reports for the transmitted signal.

> Rx
—P NE Defect Anomalies
L L
FE States
FE Defects
[
Impacts on
Rx Scheduler A 4 \ 4 \ A A\ 4
; Persistence FE LSM Perf
Defect PO erformance
Note 1 Controlling o .
Response ( ) (Note 2|)g i | Monitoring/Failure
to FE Link State Reporting P um
Machine (for NE and FE)
(LSM)
Rx Link Tx Link
State State
A 4
R A 4 vy Tx

Note 1. Results in Rx Failed as a result of the persistence check and triggers the LSM (to go to Rx

Unusable (Failed) state).

Note 2. Optional: the FE can observe the NE persistence behavior and force the NE behavior by
changing Tx state to Unusable, thereby forcing the NE out of Active. The FE may do this if,
in its estimation, the NE persistence processing is unacceptable.

Figure 23 Structure of Anomaly and Defect Processing

12.2.1 Performance Monitoring Objectives

Performance monitoring is the process of continuous collection, analysis and reporting of performance data
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associated with a transmission entity (such as described in ANSI TI.231[3]). Similar to ITU-T
Recommendation G.826[26], the following process is defined:

Performance Primitive

Defects ———————— > Anomalies

AN

\ 4 Y
Failure > Failure and Performance
Indications Failed > Parameters

I

Alert Threshold Data
Message ¢ (Current Data) ¢ Storage
Notes: Current &
No alert is currently running defined in this specification. History Data

No historic data is defined in this specification

Figure 24 Performance Monitoring Process (based on ANSI TI.231, Figure 4)

The IMA Performance Primitives consist of

* Anomalieswith
- Bit error related events (e.g., errored ICP cells)
- Synchronization related events (e.g., OIF)
¢ Defects with
- IMA Frame error events (e.g., LIF)
- Other defect events (e.g., LODS)

» Failure alarm: afailure alarm is the termination of the ability of an item to perform a required function
(ANSI TI.231). A failure alarm is declared when the defect (or response FE defect) persists for x seconds
(default: 25 + 0.5 seconds). The falure alarm is different that the Failed condition defined in
Section 10.1.4 on page 50.

 Performance Parameters specified for each sublayer or OAM level separately are based on performance
primitives and failures. IMA performance parameters are inhibited during seconds when the
unavailability of the link or the group has been reported and when the counting of anomaly events is
inhibited during defect detection .

 Theima performance parameters could optionally be accumulated over 15 minutes and 24 hours accumul ation periods.
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» The Intermittent defect handling like the hit integration (refer to Appendix C.2 on page 157) is only used
for specia applications and is not required in ANSI T1.231[3].

Based on ANSI T1.231[3], the following performance data variables are also defined:

e Current data: data currently accumulated during predetermined accumulation period (normally 15
minutes and one day),

» Previous data: data saved from the current data storage at the end of every accumulation period,

» Recent data: additional data registers provided to maintain a recent history of the collected data

12.2.2 Performance Monitoring Parameters

12.2.2.1 IMA Performance Primitives

(R-124) Table 18 on page 77 indicates the performance primitives that shall be detected or reported by
the IMA interface.

Table 18 IMA Link and Group Anomalies and Defects

Performance Primitives Events Definition
Anomalies Errored ICP cell Same definition as in Figure 19 on page 69.
(IMA Specific) Invalid ICP cell Same definition as in Figure 19 on page 69.
Missing ICP cell Same definition as in Figure 19 on page 69.
OIF events Leaving the IMA Sync state.
Defects LIF Definition as provided in Section 12.1.3 on page 72.
(IMA Specific) LODS A LODS defect is reported when the link differential delay between the

link and the other links in the group is over the tolerable link
differential delay.

RDI-IMA One of the available remote defect indicators (including IMA link
specific defect) isindicated in the link related "Link Information” field.

12.2.2.2 IMA Performance Parameters

The IMA performance parameters are based on principles for the sub-layers of DS1 and El, e.g., ANS|
T.231[3], ANSI T1.646[6], and ITU-T Recommendation G.826[26].

Table 19 IMA Performance Parameters

Link/ Performance |Definition
Group |Parameter
R-125 Link IV-IMA ICP Violations: count of errored, invalid or missing ICP cells, except during
( B ) seconds where a SES-IMA or UAS-IMA condition is reported.
(0_20) Link OIF-IMA Count OIF anomalies, except during SES-IMA or UAS-IMA conditions.
(R-126) Link SES-IMA Count of one second intervals containing 3 30% of the |CP cells counted as V-
IMAs (see notel) or one or more link defects (e.g., LOS, OOF/LOF, AlS, or
LCD), LIF, or LODS defects, except during UAS-IMA conditions.
R-127 Link SES- IMA-FE Count of one second intervals containing one or more RDI-IMA defects, except
(R-127) during UAS-IMA-FE conditions.
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Link/
Group

Performance
Parameter

Definition

(R-128)

Link

UASIMA

Unavailable seconds at NE: NE unavailability begins at the onset of 10
contiguous SES-IMA including the first 10 seconds to enter the UAS-IMA
condition, and ends at the onset of 10 contiguous seconds with no SES-IMA,
excluding the last 10 seconds to exit the UAS-IMA condition. See note 3 for
details about the effects of other performance parameters.

(R-129)

Link

UASIMA-FE

Unavailable seconds at FE: FE unavailability begins at the onset of 10
contiguous SES-IMA-FE including the first 10 seconds to enter the UAS-IMA-
FE condition, and ends at the onset of 10 contiguous seconds with no SES-IMA-
FE, excluding the last 10 seconds to exit the UAS-IMA-FE condition. See note 3
for details about the effects of other performance parameters.

(R-130)

Link

Tx-UUSIMA

Tx Unusable seconds: count of Tx Unusable seconds at the Tx NE LSM.

(R-131)

Link

Rx-UUS-IMA

Rx Unusable seconds: count of Rx Unusable seconds at the Rx NE LSM.

(R-132)

Link

Tx-UUS-IMA-FE

Tx Unusable seconds at FE: count seconds with Tx Unusable indications from
the Tx FE LSM

(R-133)

Link

Rx-UUS-IMA-FE

Rx Unusable seconds at FE: count of seconds with Rx Unusable indications
from the Rx FE LSM

(R-134)

Link

Tx-FC

NE Tx link failure count: count of NE Tx link failure alarm condition entrances.
The possible NE Tx link failure alarm conditions are: Tx-Mis-Connected and
Tx-Fault. Refer to Table 20 on page 79 for the definition of these alarm
conditions.

(R-135)

Link

Rx-FC

NE Rx link failure count: count of NE Rx link failure alarm condition entrances.
The possible NE Rx link failure alarm conditions are: LIF, LODS, Rx-Mis-
Connected and Rx-Fault. Refer to Table 20 on page 79 for the definition of these
aarm conditions.

(0-21)

Link

TX-FC-FE

FE Tx link failure count: count of FE Tx link failure alarm condition entrances.
The only possible link failure alarm condition is Tx-Unusable-FE. Refer to
Table 20 on page 79 for the definition of these alarm conditions.

(0-22)

Link

Rx-FC-FE

FE Rx link failure count: count of FE Rx link failure alarm condition entrances.
The possible FE Rx link failure alarm conditions are: RFI-IMA, and Rx-
Unusable-FE. Refer to Table 20 on page 79 for the definition of these alarm
conditions.

(0-23)

Link

Tx-Stuff-IMA

Count of stuff eventsinserted in the transmit direction (see note 2).

(O-24)

Link

Rx-Stuff-IMA

Count of stuff eventsinserted in the receive direction, except during SES-IMA
or UAS-IMA conditions (see note 2).

(R-136)

Group

GR-UASIMA

Count of one second intervals where the GTSM is Down.

(R-137)

Group

GR-FC

NE Group Failure count: count of NE group failure condition entrances. The
possible NE group failure alarm conditions are: Config-Aborted and
Insufficient-Links. Refer to Table 20 on page 79 for the definition of these alarm
conditions.

(0-25)

Group

GR-FC-FE

FE Group Failure count: count of FE group failure condition entrances. The
possible FE group failure alarm conditions are: Start-up-FE, Config-Aborted-
FE, Insufficient-Links-FE, and Blocked-FE. Refer to Table 20 on page 79 for
the definition of these alarm conditions.

Note 1: See Appendix G on page 178 for more detail about the selection of 30%.

Note 2. The Tx-Stuff-IMA and Rx-Stuff-IMA performance parameters indicate the count of all stuff events appearing on the given
link. They do not necessarily indicate if the transmit clock of the link is running faster than the other linksin the IMA group.

Note 3. The performance parameters that are inhibited during seconds where the UAS-IMA or UAS-IMA-FE performance parameters
areincremented shall also be adjusted when the UAS-IMA or UAS-IMA-FE performance parameters are adjusted at the
entrance or exit of the UAS-IMA or UAS-IMA-FE condition.

(0-26)

(0-27)

The accumulation of IMA performance parameters over 15 minute intervalsis optional.

The accumulation of IMA performance parameters over 24 hour intervalsis optional.
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(CR-7)
(CR-8)
(CR-9)

(CR-10)

12.2.3

IMA Failure Alarms

If (O-26) is used, the current/previous and recent data shall be kept.
If (O-26) isused, the current data set shall be used for threshold crossing.
If (O-27) is used, the current/previous and recent data shall be kept.

If (O-27) isused, the current data set shall be used for threshold crossing.

Table 20 on page 79 presents the IMA failure alarm definitions reported to the UM.

Table 20 IMA Failure Alarms

(R)/(0) Link/ Failure Alarm Definition
Group

(R-l38) Link LIF Persistence of aLIF defect at the NE (see note 1).

(R-l39) Link LODS Persistence of aLODS defect at the NE (see note 1).

(R-l40) Link RFI-IMA Persistence of an RDI-IMA defect at the NE (see note 1).

(R-141) Link Tx-Mis-Connected When the Tx link is detected as mis-connected.
Thisisreported when the IMA unit has determined that the Tx link is not
connected to the same FE IMA unit as the other Tx linksin the group. The
detection isimplementation specific.

(R-142) Link Rx-Mis-Connected When the Rx link is detected as mis-connected.
Thisisreported when the IMA unit has determined that the Rx link is not
connected to the same FE IMA unit as the other Rx links in the group. The
detection isimplementation specific.

(O-28) Link Tx-Fault Implementation specific Tx fault declared at the NE (see note 1).

(0_29) Link Rx-Fault Implementation specific Rx fault declared at the NE (see note 1).

(R- 1 43) Link Tx-Unusable-FE When the FE reports Tx-Unusable.

(R-l 44) Link Rx-Unusable-FE When the FE reports Rx-Unusable.

R-145 Group Start-up-FE When the FE is starting-up (the declaration of this failure alarm may be delayed

( B ) to ensure the FE remains in Start-up).

(R-l 46) Group Config-Aborted When the FE tries to use unacceptable configuration parameters.

(R-l 47) Group Config-Aborted-FE [ When the FE reports unacceptable configuration parameters.

(R- 1 48) Group Insufficient-Links When less than Prytransmit or Pgy receive links are Active.

(R-l49) Group Insufficient-Links-FE | When the FE reports that less than Pry transmit or Py receive links are Active.

(R- 150) Group Blocked-FE When the FE reports that it is blocked.

R-151 Group GR-Timing-Mis- When the FE transmit clock mode is different than the NE transmit clock mode.
(R- ) match

Note 1. The persistence relevant for the failure detection and the failure clearance of these alarmsis specified in (R-152) on page 80
and (O-30) on page 80.
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Appendix C.2 on page 157 suggests a state machine to be used for processing error conditions.

(R-152) In the case of the LIF, LODS, RFI-IMA and Fault failure aarms, the IMA shall support
2.5% 0.5 seconds as a default persistence checking time to enter a failure alarm condition, and
10 + 0.5 seconds as a default persistence clearing time to exit the same failure alarm condition.

(O-30) In the case of the LIF, LODS, RFI-IMA and Fault failure alarms, the IMA may allow
configuration of other values for default persistence checking time to enter a failure alarm
condition, and for default persistence clearing time to exit the same failure alarm condition.

(CR-11) If (O-28) is used, the IMA unit shall not clear the Tx-Fault failure alarm, defined in (O-28) on
page 79, until the fault that led to the declaration of the alarm is no longer present for the
duration specified to clear the dlarm in (R-152) on page 80.

(CR-12) If (O-29) is used, the IMA unit shall not clear the Rx-Fault failure alarm, defined in (O-29) on
page 79, until the fault that led to the declaration of the alarm is no longer present for the
duration specified to clear the dlarm in (R-152) on page 80.
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13. Test Pattern Procedure

The test pattern procedure is defined to provide extra support to verify the connectivity of a link within an
IMA group. It is based on the use of a test pattern sent over one link for which verification of the
connectivity to the rest of the group is desired. The test pattern is expected to be looped over al the other
links in the group at the FE. The procedure is performed using fields carried over ICP cells exchanged
between both ends of the IMA virtual links. These fields are the Tx Test Control, Tx Test Pattern, and Rx
Test Pattern fields and their internal structures as defined in Table 2 on page 31.

Figure 25 on page 81 shows an example where a test pattern is originated at one end (IMA identified as
IMA ID = 0) to verify the connectivity of the link identified as LID = 2 with the other links already in the

group.

LID=0

>
< LID=0
LID=1

>

IMAID=0 IMA D=1

< LID=1
LID=2
4 LID=2

Notes

® IMA with ID =0 performing Test Pattern procedure over the link identified as LID =2 in the Tx direction.
® The emphasized lines indicates the links where the test pattern originally transmitted from IMA ID=0 over LID=2
link are carried over.

Figure 25 Example of Looped Test Pattern
(O-31) ThelMA unit may activate the Test Pattern procedure in the transmit direction.

The test pattern procedure is made available to ensure proper link connectivity. The following requirements
shall be followed in order to exercise the Test Pattern procedure.

(CR-13) If (O-31) isused, the IMA transmitter shall use the Test Link Command field in the ICP cedll (as
defined in the Tx Test Control field in Table 2 on page 31) to request the FE to activate the loop
back of the test pattern contained in the Tx Test Pattern field.

(CR-14) If (O-31) isused, the IMA transmitter shall use the Tx LID field defined in the Tx Test Control
field in Table 2 on page 31 to identify to the FE which transmit link the FE should extract the Tx
Test Pattern from the received ICP cells.

(CR-15) If (O-31) isused, the IMA transmitter shall send any changed values of the Test Link Command,
Tx LID and Tx Test Pattern fields in ICP cells for at least 2 consecutive IMA frames over each
link within the IMA group.
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(CR-16) If (O-31) is used, the IMA transmitter shall continue to send the same values of the Test Link

Command, Tx LID and Tx Test Pattern fields as long as the IMA transmitter wants the FE IMA
unit to loop back the test pattern.

(R-153) The IMA receiver shall monitor the incoming ICP cells on the links already recognized in the

group to detect a change of the Test Link Command field.

(R-154) If the Test Link Command field is detected as active over the links aready recognized in the

group and over the test link, the IMA receiver shall copy the value of the Tx Test Pattern field
received from the test link, indicated over the Tx LID field, into the Rx Test Pattern field on
every subsequent ICP cell sent over all outgoing links in the group.

(R-155) The IMA transmitter shall continue sending the same value over the Rx Test Pattern field until

the IMA transmitter has received an indication to stop looping the pattern, to loop a new pattern
received from the same link over the Tx Test Pattern, or to loop the test pattern received from
another link (indicated over the Tx LID field).

(R-156) The IMA transmitter shall return the OxFF pattern over the Rx Test Pattern field when the

incoming test command is not active or the test link is not detected.

(R-157) ThelIMA unit shall only handle one test pattern per IMA group at any given time.

The following text suggests behaviors at the transmit and receive ends.

Once sending the new value of the Tx LID (of the test link) and Tx Test Pattern fields, the IMA unit
might have to wait some time in order to let the pattern be detected by the receive end and to be looped
back. The IMA unit should verify that the test pattern is returned in the Rx Test Pattern field over ICP
cells received on any other links that have already been recognized part of the group on both ends.

Loopback configuration on a given link can be detected by verifying that the received Tx Test Pattern
value read from the incoming ICP cells is the same as the one inserted in the outgoing ICP cells.

The IMA unit should try several values randomly chosen to ensure that the FE has not been trying the
same value at the same time. It is not recommended to use OXFF as a test pattern since this value is
used by the IMA receiver to report that the incoming link Tx Test Command is inactive or that the test
link is not currently detected (see (R-156) on page 82).

At start-up time, the IMA transmitter sends the OxFF pattern until receiving ICP cells indicating the
first Test Link Command.

Figure 26 on page 83 shows the Test Pattern procedure execution over time.
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End A End B

TX/Rx TX/Rx
Send Test Pattern Command
Indicate link to test in Tx LID field
Send test pattern in Tx Test Pattern field
Start Test Pattern time-out

Continue sending previous test pattern in
Rx Test Pattern field

Test Pattern

time-out Receive new Test Link (Tx LID) indication
Copy test link’s Tx Test Pattern onto
Continue sending same Rx Test Pattern field over all links in
pattern over Tx Test opposite direction

Pattern field

Continue sending same test pattern
in Rx Test Pattern field over all links

Verify Rx Test Pattern received
over one or more of the other links

Figure 26 Test Pattern Procedure over Time
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14. IMA Interaction with Plane Management

(R-158) ThelIMA unit shall process the following indications from/to the Plane M anagement:

* IMA group configuration: this indication is received by the IMA unit from the Plane Management and
indicates which links are to be assigned to the IMA group.

¢ Link addition/deletion: this indication is received by the IMA unit from the Plane Management and
indicates that alink is to be added to or deleted from the IMA group.

* IMA service operational status change: this indication is sent by the IMA unit to the Plane Management
to indicate a change of the operational status of the IMA group (e.g., GTSM moving to Down state).

* Tx/Rx cell rate change: this indication is sent by the IMA unit to the Plane Management to indicate that
the cell rate has changed in the transmit and/or receive directions (a link has been added to or deleted
from the IMA group, a link has been de-activated due to a defect, or a link has been recovered from a
defect condition).
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15. Management Information Base

(0-32) The Unit Management (UM) may be SNMP based.

(CR-17) If (O-32) isused, the IMA unit shall implement the mandatory objects in the IMA MIBs defined
in Appendix A on page 106.

(0-33) If (O-32) isused, the IMA unit may implement the optional objectsin the IMA MIBs defined in
Appendix A on page 106.
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Annex | IMA Version 1.1 PICS Proforma*

1.1 Introduction

To evaluate conformance of a particular implementation, it is necessary to have a statement of which
capabilities and options have been implemented for a given protocol. Such a statement is called a Protocol
Implementation Conformance Statement (PICS).

.L1.1 Scope

This annex provides the PICS proforma for the Inverse Multiplexing for ATM (IMA) Verson 1.1
Specification as described in AF-PHY -0086.001[A-1] in compliance with the relevant requirements, and in
accordance with the relevant guidelines, given in ISO/IEC 9646-2[A-3].

1.1.2 Definitions

This document uses the following terms defined in ISO/IEC 9646-1[A-2]:

 a Protocol Implementation Conformance Statement (PICS) is a statement made by the supplier of an
implementation or a system, stating which capabilities have been implemented for a given protocol,

» aPICS Proforma is a document in the form of a questionnaire, designed by the protocol specifier or the
conformance test suite specifier, which when completed for an implementation or a system, becomes the
PICS, and

 astatic conformance review is a review of the extent to which the static conformance requirements are
met by the implementation, accomplished by comparing the PICS with the static conformance
requirements expressed in the relevant protocol specification.

[.L1.3 Symbols and Conventions
M Mandatory

O Option (may be selected to suit the implementation, provided that any requirements applicable to
the options are observed)

.1.4 Conformance
The supplier of a protocol implementation, which is claimed to conform to AF-PHY-0086.001[A-1], is

required to complete a copy of the PICS proforma provided in the following sections of this annex and is
required to provide the information necessary to identify both the supplier and the implementation.

! Copyright release for PICS: this annex may be freely reproduced, so that it may be used for its intended purpose.
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1.2 Identification of the Implementation

Implementation | dentification

Implementation Name:

Implementation Version:

System Under Test

SUT Name:

Hardware Configuration:

Operating System:

Product Supplier

Name:

Address:

Telephone Number:

Facsimile Number:

Email:

Additiona Information:

Client

Name:

Address:

Telephone Number:

Facsimile Number:

Email:

Additional Information:

PICS Contact Person

Name:

Address:

Telephone Number:

Facsimile Number:

Email:
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Additional Information:

1.3 IMA PICS Proforma
1.3.1 Global Statement of Conformance

The implementation described in this PICS Proforma meets all of the mandatory requirements of the
protocol specification.

Yes

No_

Note: Answering “No” indicates non-conformance to the protocol specification. Non-supported mandatory
capabilities are to be identified in the following tables, with an explanation in the “Comments” section of
each table as to why the implementation is “non conforming”.

[.3.2 Instructions for Completing the PICS Proforma

Each question in this section refers to a major function of the protocol. Answering “Yes’ to a particular
guestion states that the implementation supports al of the mandatory procedures for that function, as
defined in the referenced section of AF-PHY-0086.001[A-1]. Answering “No” to a particular question in
this section states that the implementation does not support that function of the protocol.

A supplier may also provide additional information, categorized as exceptional (X) or supplementary
information. This additional information should be provided in the Support column as items labeled X<I>
for exceptional or S<I> for supplementary information, respectively for cross-reference purposes, where
<I> is any unambiguous number.

1.3.3 IMA Protocol Functions

Table 21 Basic IMA Protocol (BIP) Definition Functions

cond. Status
Item Protocol feature for P Ref. Support
red.
Status
BIP.1  |Doestheimplementation support anumber N (1 £ N £ 32) of M (R1) |[Yes_ No

transmission links within an IMA group operating at the same
nominal link cell rate (LCR)?

BIP.2 Does the implementation support the IMA interface connected to M (R2 |[Yes_ No _
another interface over clear channd facilities (implies cells
generated by transmit IMA shall only be terminated at the receive
IMA)?

BIP.3 Does the interface specific TC sublayer of the implementation M (R-3) |[Yes_ No
passal cellsto the IMA sublayer or provide an indication that a
cell was received (thisincludes HEC errored cells)?

BIP.4  |Does theimplementation prohibit cell rate decoupling at the
interface specific TC sublayer?

BIP.5 Does the implementation assign aLID unique within the IMA
group to each Tx IMA link on each physical link?

BIP.6 Does the implementation ensure that the LID does not change
while the link is a member of the IMA group?

BIP.7 Does the implementation distribute ATM cells arriving from the
ATM layer over the N linksin a cyclic round-robin fashion, and
on a cell-by-cell basis?

BIP.8 Does the implementation distribute ATM cells over the links M (R-8 |[Yes_ No
using an ascending order based on the LID assigned to each link
within the IMA group?

(R4 |Yes_ No__

(R5 |Yes_ No__

(R6) |Yes_ No__

< £l | £

(R7) |Yes__ No__
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Item

Protocol feature

Cond.
for
Status

Status
Pred.

Ref.

Support

BIP.9

Does the implementation support the ICP cell format defined in
Table 2 on page 31 to convey IMA configuration,
synchronization, status, and defect information to the far-end?

(R-9)

Yes

No__

BIP.10

Does the implementation perform cell rate decoupling by
inserting IMA Filler cellsin place of ATM cells when thereis no
cell available at the ATM layer?

(R-10)

Yes

No__

BIP.11

Does the implementation accept, on receive, ATM cells from the
N links according to ascending order based on the LID received
in the ICP cells on the incoming link?

(R-11)

Yes

No__

BIP.12

Does the implementation, on receive, compensate for link
differential delays and rebuild the original ATM cell stream?

(R-11)

Yes

No__

BIP.13

Does the implementation discard received Filler cells and cells
with bad HEC?

(R-11)

Yes

No__

BIP.14

Does the implementation process and discard incoming ICP
cdls?

(R-11)

Yes

No__

BIP.15

Does the implementation aggregate, on receive, the ATM cell
stream to the ATM layer?

(R-11)

Yes

No__

BIP.16

Does the implementation preserve the order of incoming cells?

(R-11)

> No__

BIP.17

Does the implementation use the ICP cell to maintain IMA
protocol synchronization?

(R12)

Yes

No__

BIP.18

Does the implementation use the ICP cell to maintain link delay
synchronization?

(R12)

Yes

No__

BIP.19

Does the implementation transmit first the most significant bit of
each octet of the IMA OAM cdll?

(R13)

Yes

No__

BIP.20

Does the implementation support the same cell header for both
the Filler and ICP cell formats as defined in Table 1 on page 28
and Table 2 on page 31?

=4 I B B - B B B B

(R-14)

Yes

No__

BIP.21

Does the implementation use bit 7 of octet 7 (CID field) of the
Filler and ICP cellsto identify the IMA OAM cell asan ICP or
Filler cell?

(R-15)

Yes

No__

BIP.22

Does the implementation use octets 52-53 as specified in ITU-T
Recommendation 1.610 [A-5] for octets 52-53 of the OAM cells
of the F/F3 flows?

(R-16)

Yes

No__

BIP.23

Does the implementation support the Filler cell format defined in
Table 1 on page 28?

(R-17)

Yes

No__

BIP.24

Does the implementation support the ICP cell format defined in
Table 2 on page 31?

(R-18)

Yes

No__

BIP.25

Does the implementation transmit the content of the link specific
fields appearing in class A over the link for which these fields

apply?

(R-19)

Yes

No__

BIP.26

Does the implementation transmit the same content of fields
appearing in classes B and C of the ICP cell over al links within
an IMA group?

(R-20)

Yes

No__

BIP.27

Does the implementation use the LID bits (bits 4-0 of octet 7) in
the ICP cell to identify the Link ID (range being O to 31)?

(R-21)

Yes

No__

BIP.28

Does the implementation use the “Tx State” field, located in the
Link “x” Information field in an ICP cell, to report the transmit

state of the IMA link on which the NE IMA is transmitting ICP
cellscarrying LID =“x" (“x” being avalue between 0 and 31)?

(R22)

Yes

No__

BIP.29

Does the implementation use the “Rx State”, located in the
Link “x” Information field in an ICP cell, to report the receive
state of the incoming IMA link on which the FE IMA is
transmitting ICP cells carrying LID = “x" (“x” being avaue
between 0 and 31)?

(R-23)

Yes

No__

BIP.30

Does the implementation use the “Rx Defect Indicators” field,
located in the Link “x” Information field in an ICP cell, to report
the Rx defect indicators corresponding to the incoming IMA link
on which the FE IMA is transmitting ICP cells carrying LID =
“X” (“X" being a value between 0 and 31)?

(R-24)

Yes

No__
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Cond. Status
Item Protocol feature for Ref. Support
Status Pred.

BIP.31 |Does theimplementation always transmit ICP cells with Octet 50 M (R-25) [Yes__ No__
unused and set to “Ox6A” as defined in ITU-T Recommendation
1.432 [A-4]?

BIP.32 |Does the implementation reserve the End-to-End Channel field M (R-26) [Yes__ No__
(Octet 51) as a proprietary channel ?

BIP.33 |Does the implementation set the End-to-End Channel field (Octet M (R-27) [Yes__ No__
51) to “0” when not using this field?

BIP.34 |Does the implementation not rely on the processing of the End- M (R-28) [Yes_ No
to-End Channél field for any IMA functionality?

BIP.35 |Does the implementation only consider the information within M (R-29) [Yes_ No
ICP cells exhibiting neither aHEC nor a CRC-10 error?

BIP.36 |Does the implementation always transmit "0x03" over the OAM M (R-30) [Yes__ No
Label in the Filler and ICP cells?

BIP.37 |If the implementation does not support the IMA version proposed M (R-31) |[Yes_ No
by the OAM Label received from the far-end IMA unit, does the
implementation report the "Config-Aborted - Unsupported IMA
Version" state over the "Group Status and Control" field?

BIP.38 |Does the implementation transmit IMA frames, composed of M M (R-32) [Yes_ No
consecutive cells, on each link within the IMA group?

BIP.39 |Does the implementation send ICP cells on each link once per M (R-33) [Yes_ No
IMA frame, hence every M cdlls?

BIP.40 |Does theimplementation use the IFSN field in the ICP cell to M (R-34) |[Yes_ No
indicate the sequence number of the IMA frame?

BIP.41 |Does the implementation increment the IFSN field in the ICP cell M (R-35) [Yes__ No
from 0 to 255 and repeat the sequence?

BIP.42 |Does the implementation increment the IFSN field in the ICP cell M (R-36) [Yes_ No__
with each IMA frame on a per-link basis?

BIP.43 |Withinan IMA frame, does the implementation place identical M (R-36) [Yes_ No
IFSN valuesin the ICP cells sent on each link?

BIP.44 |Does theimplementation align the transmission of the IMA M (R-37) [Yes__ No__
frame on al links within an IMA group?

BIP.45 |Does the implementation use the ICP Cell Offset field (octet 9) to M (R-38) [Yes_ No
indicate the location of the ICP cell within the IMA frame of
length M cdlls?

BIP.46 |Does the implementation always set the value of the ICP cell M (R-39) [Yes_ No
offset between 0 and M-1 where M isthe IMA framelength in
cdls?

BIP.47 |Does the implementation distribute the ICP cells, from link to o (O-1) |[Yes_ No
link within the IMA group, in an uniform fashion across the IMA
frame?

BIP.48 |Does the implementation select the offset of the ICP cell sent of M (R-40) [Yes__ No __
any link when thelink isassigned aLID?

BIP.49 |Does theimplementation retain the offset of the ICP cell sent on M (R-40) [Yes__ No__
agiven link until the link is no longer part of the group?

BIP.50 |Does the implementation always use the Frame Length field in M (R-41) |[Yes__ No__
the ICP cell to indicate the value of M?

BIP.51 |Does theimplementation support M = 128? M (R-42) |[Yes No _

BIP.52 | Does the implementation support M = 32? 0o (0-2) [Yes No

BIP.53 |Does the implementation support M = 64? o (0-2) |[Yes_ No

BIP.54 |Does the implementation support M = 256? ©] (O-2) |[Yes No

BIP.55 |Does the implementation only change the value M at group M (R-43) [Yes_ No
start-up time?

BIP.56 |Does the implementation use on transmit the value configured by |(O-2) |M (CR-1) [Yes_ No__
the UM?

BIP.57 |Doestheimplementation alow different valuesof M inboth Tx |(O-2) |M (CR-2) [Yes_ No__
and Rx directions?
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Item

Protocol feature

Cond.
for
Status

Status
Pred.

Ref.

Support

BIP.58

Does the implementation synchronize its incoming links using
the received M vaue for IMA frame synchronization?

(-2

M

(CR3)

Yes

No__

BIP.59

Does the implementation abort the start-up procedure using the
corresponding code in the Group Status and Control field of the
ICP cell when it does not support the received M?

(R-44)

Yes

No__

BIP.60

Does the implementation allow to configure the value M?

(©-3)

Yes

No

BIP.61

Does the implementation set the SCCI field to the previously
transmitted SCCI field value, incremented modulo 256, to
indicate a change on at least one of the fields appearing in octets
12 through 49 in the transmitted ICP cell?

(R-45)

> No__

BIP.62

Does the implementation use the SCCI field to identify received
ICP cells for processing when ICP cells are monitored on more
than one link, or when the monitored link has changed?

(R-46)

Yes

No__

BIP.63

Does the implementation process the fields in octets 12 through
49 if the SCCI field has advanced beyond the SCCI value of the
last processed |CP cell?

(R-46)

Yes

No__

BIP.64

Does the implementation select the IMA ID at group start-up
time?

(R-47)

Yes

No__

BIP.65

Does the implementation transmit the IMA ID in the IMA 1D
field?

(R-48)

Yes

No__

BIP.66

Does the implementation allow to configure the value of IMA
1D?

(-4

Yes

No__

BIP.67

Does the implementation use the "Group Symmetry Mode" field,
specified in Table 2 on page 31, to indicate the symmetry of the
IMA group?

<l O = £

(R-49)

Yes

No__

BIP.68

Does the implementation ensure that the symmetry of the group
is only established or changed at group start-up time?

(R-50)

Yes

No__

BIP.69

Does the implementation support the Symmetrical Configuration
and Operation mode?

(R-51)

Yes

No__

BIP.70

Does the implementation support the Symmetrical Configuration
and Asymmetrical Operation mode?

(G-5)

Yes

No__

BIP.71

Does the implementation support the Asymmetrical
Configuration and Operation mode?

(C-6)

Yes

No__

BIP.72

Does the implementation abort the start-up procedure using the
appropriate code defined in the “ Group Status and Control” field
of the ICP cell (as specified in Table 2 on page 31) if the NE does
not support the symmetry mode proposed by the FE?

<l O] O £ =

(R52)

Yes

No__

BIP.73

Does the implementation abort the start-up procedure using the
appropriate code defined in the “ Group Status and Control” field
of the ICP cell (as specified in Table 2 on page 31) if the
symmetry mode proposed by the FE and the configured
symmetry mode of the NE do not match?

(R52)

Yes

No__

BIP.74

In order to alow afast recovery when (O-5) or (O-6) isused at
the NE and when the FE IMA unit can only be configured to the
"Symmetrical Configuration and Operation" mode, does the
implementation adjust to “ Symmetrical Configuration and

(©-7)

Yes

No__

BIP.75

Does the implementation support only the valid combinations of
group symmetry modes at each end of the IMA virtua link as
specified in Table 4 on page 36?

(R-53)

Yes

No__

BIP.76

Does the implementation allow configuration of the group mode?

(©-8)

Yes

No

Comments.

Table 22 QoS Requirements Functions

Item

Protocol feature

Cond.
for
Status

Status
Pred.

Ref.

Support
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Cond. Status
Item Protocol feature for Ref. Support
Status Pred.
QOS1 |Doestheimplementation support al ATM traffic/QoS classes M (R-54) |[Yes_ No
supported by the ATM layer?
Comments:
Table 23 CTC and ITC Operation Functions
Cond.
Item Protocol feature for Status Ref. Support
Status Pred.
CIT.1  |Doestheimplementation indicate to the FE in which transmit M (R-55) [Yes_ No
clock mode it isrunning in the “ Transmit Clock Modg” field in
the ICP cell?
CIT.2  |Doesthe implementation support the CTC mode in the transmit M (R-56) [Yes_ No
direction?
CIT.3 |Doestheimplementation only indicate to the FE that it isin the M (R-57) [Yes__ No__
CTC mode when all the “transmit” clocks of the links in the
group are derived from the same source?
CIT.4 |Doestheimplementation support the ITC mode in the transmit o (09 |[Yes_ No
direction?
CIT.5 |Doestheimplementation indicate that it isin the ITC mode even o (O-10) [Yes_ No
if al the transmit clocks of the links in the group are derived
from the same source?
CIT.6  |Doestheimplementation use the cell stuffing procedure to 69 (M (CR-4) [Yes_ No__
prevent link transmit buffer under-run or over-run?
CIT.7  |Doesthe implementation indicate a stuff event in the ICP cell M (R-58) [Yes  No
preceding a stuff event using the mandatory LS| codes specified
in Table 2 on page 30?
CIT.8 |Doesthe implementation perform stuffing by repeating the ICP M (R-59) [Yes_ No

cell containing the LS| code indicating that “this cell is 1 out of 2
ICP cells comprising the stuff event”?

CIT.9 |Doestheimplementation aso indicate an incoming stuff event in o (O-11) [Yes_ No__
the fourth, third, and second ICP preceding the stuff event using
the optional LSl codes?

CIT.10 [Atany given link, does the implementation ensure it does not M (R-60) |Yes  No__
introduce a stuff event more than once every 5*M ICP, Filler and
ATM layer cells?

CIT.11 |Does the implementation remove one of any two consecutive |CP M (R-61) |Yes _ No__

cellswith LS| code indicating “this cell is 1 out of the 2 ICP cells

CIT.12 |Does the implementation ensure that the SICP cell is not counted M (R-61) |Yes _ No__
asacell for the purposes of determining the IMA round-robin
sequence?

CIT.13 |Does the implementation support CTC and ITC modeson M (R-62) |Yes  No__
receive?

CIT.14 |Does the implementation inform the UM of a mismatch between M (R-63) |Yes  No__
the FE and NE IMA transmit clock modes?

CIT.15 |Doestheimplementation ensure that arestart is not caused if the M (R-63) |Yes  No__
implementation detects a mismatch between the FE and NE
Transmit clock modes?

CIT.16 |Doestheimplementation rely on at least one ICP cell with a 0] (0-12) |Yes _ No__

correct CRC-10 in order to process the incoming stuff cell
indication code (this is recommended)?
Comments:
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Table 24 IMA Data Cell (IDC) Rate Implementation Functions

Item

Protocol feature

Cond.
for
Status

Status
Pred.

Ref.

Support

IDC.1

Does the implementation ensure on transmit that a Filler cell is
not injected if an ATM layer cdll is available for scheduling?

M

(R-64)

Yes

No__

IDC.2

Does the implementation only check on transmit that an ATM
layer cell is available and accept that cell only when the Tx IDCC
ticks?

M

(R-64)

Yes

No__

IDC.3

Does the implementation only select the TRL from the set of
links whose transmit state is Active?

(R-65)

Yes

No__

IDC.4

If thereisno link in the Active state, does the implementation
select one of the links in the Usable state, if any, or one of the
links in the Unusable state otherwise?

(R-66)

Yes

No__

IDC.5

Does the implementation only select or change the TRL during

the following situations:

e during group start-up,

»  when the previously selected TRL's transmit state changes
from Active to any other state (e.g., Usable, Unusable, or
Not In Group) while ancther link’s transmit state is Active,
or

»  when the previously selected TRL’ s transmit state changes

from Usable to Unusable or Not In Group while another
link’ s transmit state is Active or Usable?

(R67)

Yes

No__

IDC.6

Does the implementation indicate the selected or changed TRL to
the FE over the “ Transmit Timing Information” field in the ICP
cel?

(R-68)

Yes

No__

IDC.7

Does the implementation derive the Tx IDCC from the selected
TRL according to Equation 1 on page 40?

(R-69)

Yes

No__

IDC.8

When running in the CTC mode, does the implementation
introduce a stuff event every 2048 ICP, Filler and ATM layer
cellsondl links?

(R-70)

Yes

No__

IDC.9

Does the implementation introduce a stuff event every 2048 ICP,
Filler and ATM layer cells on the TRL?

(©-9)

(CR-5)

Yes

No__

IDC.10

Does the implementation introduce stuff events on links other
than the TRL in order to compensate for the timing difference
between the TRL and the other links?

(©-9)

(CR-6)

Yes

No__

IDC.11

Does the implementation remove CDV attributed to the presence
of ICP cells by a mechanism equivalent to providing a small
smoothing buffer into which cells are placed after reordering and
after removing ICP cdlls?

(R-71)

Yes

No__

IDC.12

If the TRL isin the Working state and the FE has, for at least 100
milliseconds, identified a given link as the TRL, does the
implementation derive the Rx IDCR using the incoming link
indicated by the FE asthe TRL?

(R-72)

Yes

No__

IDC.13

Does the implementation have an equivalent behavior to the
following: when the IMA data cell clock at the receiver ticks, one
cell isremoved from the smoothing buffer; if the cell isaFiller
cell, then the Filler cell is discarded and nothing passed to the
ATM layer; if the cell isnot aFiller cell, then it is passed to the
ATM layer?

(R73)

Yes

No__

Comments:

Table 25 Link Differential Delay (LDD) Functions

Item

Protocol feature

Cond.
for
Status

Status
Pred.

Ref.

Support

LDD.1

Does the implementation introduce a differential delay among the
congtituent links of a maximum of 2.5 cell times at the physical
link rate?

M

(R-74)

Yes

No__
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Cond. Status
Item Protocol feature for Ref. Support
Pred.
Status
LDD.2 |Doestheimplementation tolerate up to at least 25 milliseconds of M (R-75) |[Yes__ No__
link differential delay on receive?
LDD.3 |Does theimplementation allow configuring the link differential o (O-13) [Yes_ No__
delay tolerance?
Comments:

Table 26 IMA Interface Operation (1IO) Functions

Cond.

Item Protocol feature for SZI;S Ref. Support
Status red.

0.1 Does the implementation support the Tx LSM defined in Table 8 M (R-76) [Yes__ No__
on page 527

110.2 Does the implementation support the Rx LSM defined in Table 9 M (R-77) |Yes__ No__
on page 537

110.3 Does the implementation signal the current state of the Tx LSM M (R-78) [Yes__ No__
to the FE IMA unit viathe ICP cdlls?

110.4 Does the implementation perform the actions corresponding to M (R-78) [Yes__ No__
the Tx LSM sub-states?

110.5 Does the implementation update the Tx LSM according the M (R-78) [Yes__ No __
occurrence of the events listed in Table 8 on page 52?

110.6 Does the implementation treat sequentially the incoming events M (R-78) [Yes__ No__

that trigger the Tx LSM, athough the order of treatment is
implementation specific if these events appear simultaneously?

0.7 Does the implementation signal the current state of the Rx LSM M (R-78) [Yes__ No__
to the FE IMA unit viathe ICP cdlls?

110.8 Does the implementation perform the actions corresponding to M (R-78) [Yes__ No__
the RX LSM sub-states?

110.9 Does the implementation update the Rx LSM according the M (R-78) [Yes__ No
occurrence of the events listed in Table 9 on page 53?

110.10 |Does the implementation treat sequentially the incoming events M (R-78) [Yes__ No__
that trigger the Rx LSM, athough the order of treatment is
implementation specific if these events appear simultaneously?

110.11 |Does the implementation report any change of the Tx and Rx M (R-79) |[Yes__ No__
L SMswithin the next 2*M (where M isthe M used by the IMA
transmitter) cells on that link over the “Tx State" and "Rx State"
fields of the Link Information field (refer to Table 3 on page 32)?

110.12 | Does the implementation use one of the Unusable encodings M (R-80) [Yes  No
when reporting the Unusable state?

110.13  [Does the implementation use “Inhibited”, “ Failed”, “ Fault” or 0 (O-14) |Yes__ No__
“Mis-connected” as a reason when reporting the Unusabl e state?

110.14 | Does the implementation re-evauate the TX and Rx LSMss state M (R-81) |[Yes_ No _
upon each incoming | CP cell with new state indication?

110.15 |Does the implementation allow the valid combinations of Tx and M (R-82) [Yes_ No

Rx LSM states and disallow the invalid combinations when
running in the Symmetrical Configuration and Operation mode?

110.16 |Does the implementation allow the valid combinations of Tx and M (R-82) [Yes_ No
Rx LSM states and disallow the invalid combinations when
running in the Symmetrical Configuration and Asymmetrical
Operation mode?

110.17 | Does the implementation alow all combinations of Tx and Rx M (R-82) [Yes_ No
LSM states when running in the Asymmetrical Configuration and
Operation mode?

110.18 |Does the implementation report any GSM states, with the M (R-83) [Yes_ No
exception of the Not Configured state, to the FE group using the
corresponding value defined in the “ Group Status and Control”
field?
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Item

Protocol feature

Cond.
for
Status

Status
Pred.

Ref.

Support

110.19

Does the implementation always send over each link the same
valuein the “Group Status and Control” field for at least 2
consecutive IMA frames?

(R-84)

Yes

No__

110.20

Does the implementation validate the Rx OAM Label, Rx M, and
Rx IMA 1D over at least one link before moving into the
Start-up-Ack state?

(R-85)

Yes

No__

110.21

Does the implementation use the validated Rx OAM Label, Rx
M, and Rx IMA ID to achieve IMA frame synchronization as
defined in Section 11 on page 68?

(R-86)

Yes

No__

110.22

Does the implementation ensure that at least Pr, linksin the
transmit direction and Pgy links in the received direction can be
moved into the Active state before moving the GSM into the
Operationa state?

(R-87)

Yes

No__

110.23

Does the implementation ensure that Pr, is greater than zero?

(R-88)

Yes

No__

110.24

Does the implementation ensure that Pry is greater than zero?

(R-88)

Yes

No__

110.25

Does the implementation ensure that Pr, and Pg, are equa when
the configured in the Symmetrical Configuration and Operation
mode?

(R-89)

Yes

No__

110.26

Does the implementation allow configuration of the value of Pr,?

(0-15)

Yes

No

110.27

Does the implementation allow configuration of the value of Pg,?

(0-15)

Yes

No

110.28

Does the implementation report the Config-Aborted state for at
least one second when the configuration requested by the FE is
unacceptable?

(R-90)

> No__

110.29

Does the implementation support the GSM state transitions as
defined in Table 13 on page 60?

(R-91)

Yes

No__

110.30

Does the implementation determine and report that the group is
up when both the local and remote GSM's are Operational ?

(R-92)

Yes

No__

110.31

Does the implementation determine and report that the group is
down when either the local or the remote GSM is not
operational ?

<

(R92)

Yes

No__

110.32

Does the implementation report the proper reasons why the GSM
is not operational ?

(R-92)

Yes

No__

110.33

Does the implementation report the highest priority reason
according to Table 14 on page 617

(R-92)

Yes

No__

110.34

Does the implementation report the entrance of the GTSM into
the Down state to the UM and ATM Layer Management?

(R-93)

Yes

No__

110.35

Isthe report of the entrance of the GTSM into the Down state the
only natification to the ATM Layer Management about Physical
Layer defects or failures?

=4 I B B

(R-93)

Yes

No__

110.36

Does the implementation report the return of the GTSM to the Up
state to the UM and ATM Layer Management?

<

(R-94)

Yes

No__

110.37

Does the implementation ensure it does not drop any ATM layer
cells when adding or recovering links while the GSM is
maintained in the Operationd state?

(R-95)

Yes

No__

110.38

Does the implementation ensure that it does not drop any ATM
layer cells when deleting or inhibiting links while the GSM is
maintained in the Operationd state?

(R-96)

Yes

No__

110.39

When running the group start-up procedure, does the
implementation ensure that all accepted links have their states
changed to Tx=Usable in the same update of the ICP cell?

(R-97)

Yes

No__

110.40

When running the group start-up procedure and after the Tx state
of all accepted links has been reported in a previous update of the
ICP cell, does the implementation ensure that all accepted links
have their states changed to Rx=Active in the same update of the
ICP cell?

(R-98)

Yes

No__
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Cond. Status
Item Protocol feature for Ref. Support
Status Pred.
110.41  |When running the group start-up procedure and after the Rx state M (R-99) [Yes  No
of all accepted links has been reported in a previous update of the
ICP cell, does the implementation ensure that all accepted links
have their states changed to Tx=Active in the same update of the
ICPcdl?
110.42 | When running the group start-up procedure, does the M (R-100) [Yes_ No__

implementation wait a minimum of one second, unless al the
configured links are being reported Tx=Usable by FE, before
reporting links Rx=Active?

110.43 | When running the group start-up procedure, does the M (R-101) [Yes  No__
implementation wait a minimum of one second, unless al the
configured links are being reported Rx=Active by FE, before
reporting links Tx=Active?

110.44 | Does the implementation synchronize the insertion of new links M (R-102) [Yes__ No__
or recovered links added using the slow recovery mechanism,
defined in Section 12.1.3.1 on page 74, within the IMA RR?
110.45 | Does the implementation execute only one LASR procedure per M (R-103) [Yes_ No__
IMA group at any time (even if more than one link isinserted at
the same time)?

110.46 |Does the implementation delay the insertion of one or more new M (R-104) [Yes__ No__
links or a possible slow link recovery when the LASR isin
progress until the link addition procedure is completed or
aborted?

110.47  |When running the LA SR procedure, does the implementation M (R-105) [Yes  No__
ensure that all the inserted links have their states changed to
Tx=Usable in the same update of the ICP?

110.48 |When running the LASR procedure and after the Tx state of al M (R-106) [Yes  No__
accepted links has been reported Usable in a previous update of
the ICP cell, does the implementation ensure that all the inserted
links have their states changed to Rx=Active in the same update
of the ICP cdll?

110.49  |When running the LASR procedure and after the Rx state of all M (R-107) [Yes__ No__
accepted links has been reported Active in a previous update of
the ICP cell, does the implementation ensure that all the inserted
links have their states changed to Tx=Active in the same update
of the ICP cdll?

110.50 |When running the LASR procedure, does the implementation M (R-108) [Yes  No__
wait a minimum of one second, unless all the inserted links are
being reported Tx=Usable by FE, before reporting links
Rx=Active?

110.51  |When running the LASR procedure, does the implementation M (R-109) [Yes  No__
wait a minimum of one second, unless the inserted links are being
reported Rx=Active by FE, before reporting links Tx=Active?

Comments:
Table 27 IMA Frame Synchronization (IFS) Mechanism Functions
Cond.
Item Protocol feature for Status Ref. Support
Status Pred.
IFS.1 Does the implementation perform IMA frame synchronization on M (R-110) [Yes_ No__
each link, based on the IFSM defined in Figure 19 on page 69
and Table 16 on page 69?
IFS.2 Does the implementation operate the IFSM for each link M (R-111) [Yes__ No__
independently of any link defects and link delay compensation?
IFS.3 Does the implementation support the default value 2 for M (R-112) [Yes  No__
Alpha(a)?
IFS4 Does the implementation support the default value 2 for Beta(b)? M (R-112) [Yes_ No__
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Cond. Status
Item Protocol feature for Ref. Support
Status Pred.
IFS5 Does the implementation support the default value 1 for M (R-112) [Yes_ No__
Gamma(g)?
IFS.6 Does the implementation support the value 1 for Alpha(a)? o (O-16) |Yes _ No__
IFS.7 Does the implementation support the value 1 for Beta(b)? O (O-16) [Yes_ No
IFS.8 Does the implementation support the value 3 for Beta(b)? O (O-16) [Yes_ No
IFS.9 Does the implementation support the value 4 for Beta(b)? O (O-16) [Yes_ No
IFS10 | Does the implementation support the value 5 for Beta(b)? O (O-16) [Yes_ No
IFS11 | Does the implementation support the value 2 for Gamma(g)? o (G-16) [Yes No__
IFS12 | Does the implementation support the value 3 for Gamma(g)? O (O-16) [Yes_ No
IFS13 | Does the implementation support the value 4 for Gamma(g)? O (O-16) [Yes_ No
IFS.14 | Does the implementation support the value 5 for Gamma(g)? O (O-16) [Yes_ No _
IFS.15 | Does the implementation assume that any occurrence of M (R-113) [Yes_ No__
HEC/CRC errored cell in the ICP cell position was an ICP cell?
IFS.16 | Does the implementation ignore the cell content of a HEC/CRC M (R-113) [Yes__ No__
errored cell in the ICP cell position?
IFS.17 | Does the implementation go into the Hunt state from any other o (O-17) [Yes_ No__
state when no longer getting cells from the physical layer?
IFS.18 | Does the implementation maintain IMA frame synchronization M (R-114) [Yes__ No__
for cases 1, 2, 3, and 6 identified in Figure 20 on page 71?
IFS.19 | Does the implementation maintain IMA frame synchronization o (O-18) [Yes_ No
for case 4 identified in Figure 20 on page 71?
IFS.20 | Does the implementation maintain IMA frame synchronization o (O-18) [Yes_ No
for case 5 identified in Figure 20 on page 71?
IFS21 |Does the implementation maintain IMA frame synchronization o (0-19) [Yes  No
for case 7 identified in Figure 20 on page 71 when passing stuff
indication over more than one of the previous ICP cells and when
Beta(b) is greater than 2?
Comments:
Table 28 IMA Interface OAM Operation Functions
Cond.
Item Protocol feature for Status Ref. Support
Status Pred.
OAM.1 |Does the implementation report the following link remote defect M (R-115) [Yes_ No__
indicators; link defects, LIF, and LODS?
OAM.2 |[If several defects are detected at the same time, does the M (R-116) [Yes_ No__
implementation report the defect with the highest priority, as
listed in Table 17 on page 72?
OAM.3 |Does the implementation report any Rx defect to the far-end IMA M (R-117) [Yes__ No__
within the next 2*M cells to be transmitted after the defect state
has been entered as specified in Section 12.1.3 on page 72 (where
M isthe M used by the IMA transmitter)?
OAM .4 |Does the implementation perform error handling as specified in M (R-118) [Yes  No__
Figure 21 on page 73 and Figure 22 on page 74?
OAM.5 |On agiven link, does the implementation passto the ATM layer M (R-119) [Yes  No__
from the IMA sublayer any cells accumulated before the
occurrence of an OCD or OIF anomaly on that link?
OAM.6 |Does the implementation inhibit the passing from the IMA M (R-120) [Yes__ No__
sublayer to the ATM layer of any cells received on alink during
an OCD or OIF anomaly condition reported on that link?
OAM.7 |Does the implementation replace with Filler cellsall ATM layer M (R-121) [Yes__ No__
cellsreceived on alink after an OCD or OIF anomaly condition
has been detected on that link?
OAM.8 |Does the implementation only report an Rx defect in the M (R-122) [Yes_ No__
backward direction after LIF or LODS defect state is entered?
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Cond. Status
Item Protocol feature for Ref. Support
Status Pred.

OAM.9 |Does the implementation report the LIF or LODS defect as M (R-123) |Yes _ No__
specified in Section 12.1.2 on page 72?

OAM.10 | Does the implementation detect errored ICP cells asindicated in M (R-124) |Yes _ No__
Table 18 on page 77?

OAM .11 | Does the implementation detect invalid ICP cells asindicated in M (R-124) |Yes _ No__
Table 18 on page 77?

OAM.12 | Does the implementation detect missing ICP cells asindicated in M (R-124) |Yes _ No__
Table 18 on page 77?

OAM.13 | Does the implementation report OIF events as indicated in Table M (R-124) |Yes _ No__
18 on page 77?

OAM .14 | Does the implementation report LIF defects asindicated in Table M (R-124) |Yes _ No__
18 on page 77?

OAM.15 | Does the implementation report LODS defects as indicated in M (R-124) |Yes _ No__
Table 18 on page 77?

OAM.16 |Does the implementation report RDI-IMA defects asindicated in M (R-124) |Yes _ No__
Table 18 on page 77?

OAM.17 | Does the implementation increment 1V-IMA for every detected M (R-125) |Yes _ No__
errored, invalid or missing ICP cell, except during seconds when
aSESIMA or UAS-IMA condition is reported, as indicated in
Table 19 on page 77?

OAM.18 | Does the implementation increment OIF-IMA for each reported 0] (0-20) |Yes __ No__

OIF anomaly, except during seconds when a SES-IMA or UAS-
IMA condition is reported, as indicated in Table 19 on page 77?
OAM.19 | Does the implementation increment SES-IMA for every one M (R-126) [Yes_ No__
second interval containing 3 30 % of the ICP cells counted as V-
IMA, asindicated in Table 19 on page 77?

OAM .20 | Does the implementation increment SES-IMA for every one M (R-126) [Yes__ No__
interval of one second containing one or more link defects (e.g.,
LOS, OOF/LOF, AlS, and LCD), except during seconds when an
UAS-IMA condition is reported, as indicated in Table 19 on page
77?

OAM .21 | Does the implementation increment SES-IMA for every one M (R-126) [Yes__ No__
second interval containing one or more LIF link defects, except
during seconds when an UAS-IMA condition is reported, as
indicated in Table 19 on page 77?

OAM .22 | Does the implementation increment SES-IMA for every one M (R-126) [Yes__ No__
second interval containing one or more LODS link defects,

except during seconds when a UAS-IMA condition is reported, as
indicated in Table 19 on page 77?

OAM .23 | Does the implementation increment SES-IMA-FE for every one M (R-127) [Yes__ No__
second interval containing one or more RDI-IMA defect, except
during seconds when a UAS-IMA-FE condition is reported, as
indicated in Table 19 on page 77?

OAM .24 | Does the period of NE unavailability begin at the onset of 10 M (R-128) [Yes  No__
contiguous SES-IMA (including the first 10 seconds to enter the
UAS-IMA condition), asindicated in Table 19 on page 77?
OAM .25 | Does the period of NE unavailability end at the onset of 10 M (R-128) [Yes  No__
contiguous seconds with no SES-IMA (excluding the last 10
seconds to exit the UAS-IMA condition), asindicated in Table 19
on page 777?

OAM .26 | Does the implementation increment UAS-IMA for each one M (R-128) [Yes  No__
second interval when the UAS-IMA condition is reported, as
indicated in Table 19 on page 77?

OAM .27 | Does the period of FE unavailability begin at the onset of 10 M (R-129) [Yes  No__
contiguous SES-IMA (including the first 10 seconds to enter the
UAS-IMA condition), asindicated in Table 19 on page 77?
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Item

Protocol feature

Cond.
for
Status

Status
Pred.

Ref.

Support

OAM .28

Does the period of FE unavailability end at the onset of 10
contiguous seconds with no SES-IMA-FE (excluding the last 10
seconds to exit the UAS-IMA-FE condition), asindicated in
Table 19 on page 77?

(R-129)

Yes

No__

OAM .29

Does the implementation increment UAS-IMA-FE for each one
second interval when the UAS-IMA-FE condition is reported, as
indicated in Table 19 on page 77?

(R-129)

Yes

No__

OAM.30

Does the implementation increment Tx-UUS-IMA for each
second when the NE Tx LSM is Unusable, asindicated in Table
19 on page 77?

(R-130)

Yes

No__

OAM.31

Does the implementation increment Rx-UUS-IMA for each
second when the NE Rx LSM is Unusable, asindicated in Table
19 on page 77?

(R-131)

Yes

No__

OAM.32

Does the implementation increment Tx-UUS-IMA-FE for each
second when the FE Tx LSM is reported Unusable, as indicated
in Table 19 on page 77?

(R132)

Yes

No__

OAM.33

Does the implementation increment Rx-UUS-IMA-FE for each
second when the FE Rx LSM s reported Unusable, asindicated
in Table 19 on page 77?

(R-133)

Yes

No__

OAM.34

Does the implementation increment Tx-FC each time the Tx-Mis-
Connected link failure condition is entered, asindicated in Table
19 on page 77?

(R-134)

Yes

No__

OAM.35

Does the implementation increment Tx-FC each time the Tx-
Fault link failure condition is entered, asindicated in Table 19 on
page 77?

(R-134)

Yes

No__

OAM .36

Does the implementation increment Rx-FC each time the LIF
link failure condition is entered, asindicated in Table 19 on page
77?

(R-135)

Yes

No__

OAM .37

Does the implementation increment Rx-FC each time the LODS
link failure condition is entered, asindicated in Table 19 on page
77?

(R-135)

Yes

No__

OAM.38

Does the implementation increment Rx-FC each time the Rx-
Mis-Connected link failure condition is entered, asindicated in
Table 19 on page 77?

(R-135)

Yes

No__

OAM.39

Does the implementation increment Rx-FC each time the Rx-
Fault link failure condition is entered, asindicated in Table 19 on
page 77?

(R-135)

Yes

No__

OAM .40

Does the implementation increment Tx-FC-FE each time the Tx-
Unusable-FE link failure condition is entered, as indicated in
Table 19 on page 77?

(0-21)

Yes

No__

OAM 41

Does the implementation increment Rx-FC-FE each time the
RFI-IMA link failure condition is entered, asindicated in Table
19 on page 77?

(0-22)

Yes

No__

OAM .42

Does the implementation increment Rx-FC-FE each time the Rx-
Unusable-FE link failure condition is entered, as indicated in
Table 19 on page 77?

(0-22)

Yes

No__

OAM .43

Does the implementation increment Tx-Stuff-IMA for each stuff
event inserted in the transmit direction, asindicated in Table 19
on page 777?

(0-23)

Yes

No__

OAM .44

Does the implementation increment Rx-Stuff-IMA for each stuff
event detected in the receive direction, except during seconds
when a SES-IMA or UAS-IMA condition is reported, as
indicated in Table 19 on page 77?

(0-24)

Yes

No__

OAM .45

Does the implementation increment GR-UAS-IMA for each
second when the GTSM is down, asindicated in Table 19 on
page 77?

(R-136)

Yes

No__

OAM .46

Does the implementation increment GR-FC each time the
Config-Aborted group failure condition is entered, asindicated in
Table 19 on page 77?

(R-137)

Yes

No__
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Cond. Status
Item Protocol feature for Ref. Support

Status Pred.
OAM .47 | Does the implementation increment GR-FC each time the M (R-137) [Yes__ No__
Insufficient-Links group failure condition is entered, as indicated
in Table 19 on page 77?

OAM .48 | Does the implementation increment GR-FC-FE each time the o (0-25) [Yes_ No
Start-up-FE group failure condition is entered, asindicated in
Table 19 on page 77?

OAM .49 | Does the implementation increment GR-FC-FE each time the o (0-25) [Yes_ No
Config-Aborted-FE group failure condition is entered, as
indicated in Table 19 on page 77?

OAM .50 | Does the implementation increment GR-FC-FE each time the o (0-25) [Yes_ No
Insufficient-Links-FE group failure condition is entered, as
indicated in Table 19 on page 77?

OAM .51 | Does the implementation increment GR-FC-FE each the o (0-25) |[Yes_ No
Blocked-FE group failure condition is entered, asindicated in
Table 19 on page 77?

OAM .52 | Does the implementation accumulate IMA performance
parameters over 15 minute intervals?

(O-26) |Yes _ No__

OAM .53 | Does the implementation accumulate IMA performance
parameters over 24 hour interval s?

(0-27) |Yes__ No__

OAM .54 | Does the implementation keep the current/previous and recent (O-26)
data?

(CR-7) |Yes__ No__

OAM .55 |Does the implementation use the current data for threshold (0-26)
crossing?

(CR-8) |Yes _ No__

OAM .56 |Does the implementation keep the current/previous and recent (0-27)
data?

(CR-9) |Yes _ No__

OAM .57 |Does the implementation use the current data for threshold (0-27)
crossing?

(CR-10) [Yes _ No__

OAM .58 | Does the implementation report a LIF failure dlarm for the
persistence of aLIF defect at the NE?

(R-138) |Yes _ No__

OAM .59 | Does the implementation report a LODS failure alarm for the
persistence of aL ODS defect at the NE?

(R-139) |Yes _ No__

OAM.60 | Does the implementation report a RFI-IMA failure darm for the
persistence of aRDI-IMA defect at the NE?

(R-140) |Yes _ No__

OAM .61 | Does the implementation report Tx-Mis-Connected failure alarm
when the Tx link is detected as mis-connected?

(R-141) [Yes_ No__

OAM .62 | Does the implementation report Rx-Mis-Connected failure alarm
when the Rx link is detected as mis-connected?

(R-142) |Yes _ No__

OAM.63 | Does the implementation report a Tx Fault failure alarm for any
implementation specific Tx fault declared at the NE?

(O-28) |Yes  No__

OAM .64 | Does the implementation report a Rx Fault failure darm for any
implementation specific Rx fault declared at the NE?

(0-29) |Yes _ No__

OAM.65 | Does the implementation report a Tx-Unusable-FE failure alarm
when it receives Tx-Unusable from FE?

(R-143) |Yes _ No__

OAM.66 |Does the implementation report a Rx-Unusable-FE failure alarm
when it receives Rx-Unusable from FE?

(R-144) |Yes _ No__

Z| £ | O O £ = L = L L L L K o O

OAM .67 | Does the implementation report a Start-up-FE failure darm when
it receives this signa from FE (the declaration of this failure
alarm may be delayed to ensure the FE remains in Start-up)?

(R-145) |Yes _ No__

<

OAM .68 | Does the implementation report a Config-Aborted failure alarm
when the FE tries to use unacceptable configuration parameters?

(R-146) |Yes _ No__

OAM.69 | Does the implementation report a Config-Aborted-FE failure M (R-147) [Yes__ No__
alarm when the FE reports unacceptable configuration
parameters?

OAM.70 | Does the implementation report an Insufficient-Links failure M (R-148) [Yes_ No__
alarm when less than Py, transmit links or Pgy receive links are
active?

OAM.71 | Does the implementation report an Insufficient-Links-FE failure M (R-149) [Yes__ No__
alarm when the FE reports that less than Pr, transmit links or Pg,
receive links are active?
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Item

Protocol feature

Cond.
for
Status

Status
Pred.

Ref.

Support

OAM.72

Does the implementation report a Blocked-FE failure darm when
the FE reports that it is blocked?

(R-150)

Yes

No__

OAM.73

Does the implementation report GR-Timing-Mismatch when the
FE transmit clock mode is different than the NE transmit clock
mode?

(R-151)

Yes

No__

OAM.74

In the case of the LIF, LODS, RFI-IMA and Fault failure alarms,
does the implementation support 2.5 + 0.5 seconds as a default
persistence checking time to enter afailure alarm condition?

(R-152)

Yes

No__

OAM.75

In the case of the LIF, LODS, RFI-IMA and Fault failure alarms,
does the implementation support 10 + 0.5 seconds as a default
persistence clearing time to exit the failure alarm condition?

(R-152)

Yes

No__

OAM.76

In the case of the LIF, LODS, RFI-IMA and Fault failure alarms,
does the IMA allow configuration of other values for default
persistence checking time to enter afailure alarm condition?

(0-30)

Yes

No__

OAM.77

In the case of the LIF, LODS, RFI-IMA and Fault failure alarms,
does the IMA allow configuration of other values for default
persistence checking time to exit the same failure alarm
condition?

(0-30)

Yes

No__

OAM.78

Does the implementation ensure that the Tx-Fault failure alarm,
asdefined in (O-28) on page 79, is not cleared until the fault that
led to the declaration of the alarm is no longer present for the
duration specified to clear the alarm in (R-152) on page 80?

(0-28)

(CR-11)

Yes

No__

OAM.79

Does the implementation ensure that the Rx-Fault failure alarm,
asdefined in (O-29) on page 79, is not cleared until the fault that
led to the declaration of the alarm is no longer present for the
duration specified to clear the alarm in (R-152) on page 80?

(0-29)

(CR12)

Yes

No__

Comments.

Table 29 Test Pattern Procedure (TPP) Functions

Item

Protocol feature

Cond.
for
Status

Status
Pred.

Ref.

Support

TPP.1

Does the implementation activate the Test Pattern procedure in
the transmit direction?

o

(0-31)

Yes

No__

TPP.2

Does the implementation use the Test Link Command field in the
ICP cell (as defined in the Tx Test Control field in Table 2 on
page 31) to request the FE to activate the loop back of the test
pattern contained in the Tx Test Pattern field?

(0-31)

M

(CR-13)

Yes

No__

TPP.3

Does the implementation use the Tx LID field defined in the Tx
Test Control field in Table 2 on page 31 to identify to the FE
which transmit link the FE should extract the Tx Test Pattern
from in the received | CP cells?

(0-31)

(CR-14)

> No__

TPP.4

Does the implementation send any changed vaues of the Test
Link Command, Tx LID and Tx Test Pattern fieldsin ICP cells
for at least 2 consecutive IMA frames over each link within the
IMA group?

(0-31)

(CR-15)

Yes

No__

TPP.5

Does the implementation continue to send the same values of the
Test Link Command, Tx LID and Tx Test Pattern fields as long
asthe IMA transmitter wants the FE IMA unit to loop back the
test pattern?

(0-31)

(CR-16)

Yes

No__

TPP.6

Does the implementation monitor the incoming ICP cells on the
links already recognized in the group to detect a change of the
Test Link Command?

(R-153)

Yes

No__
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Cond.

Item Protocol feature for Status Ref. Support
Pred.
Status
TPP.7  [If the Test Link Command field is detected as active over the M (R-154) [Yes__ No__

links already recognized in the group and over the test link, does
the implementation copy the value of the Tx Test Pattern field
received from the test link, indicated over the Tx LID field, into
the Rx Test Pattern field on every subsequent ICP cell sent over
all outgoing links in the group?

TPP.8  [Does the implementation continue sending the same value over M (R-155) [Yes__ No__
the Rx Test Pattern field until the IMA transmitter has received
an indication to stop looping the pattern, to loop a new pattern
received from the same link over the Tx Test Pattern, or to loop
the test pattern received from another link (indicated over the Tx
LID fied)?

TPP.9  [Does the implementation return the “OxFF" pattern over the Rx M (R-156) [Yes_ No__
Test Pattern field when the incoming test command isinactive or
the test link is not detected?

TPP.10 [Doesthe implementation only handle one test pattern per IMA M (R-157) [Yes__ No__
group a any given time?
Comments:

Table 30 IMA Interaction with Plane Management Functions

Cond.

Item Protocol feature for gtatus Ref. Support
red.
Status
IPM.1 | Does the implementation process IMA group configuration M (R-158) [Yes_ No__

indications received from the Plane Management?

IPM.2 | Does the implementation process IMA link addition/deletion M

indications received from the Plane Management?

IPM.3 | Does the implementation send IMA service operational status M (R-158) [Yes_ No__
M

(R-158) |Yes _ No__

change indications to the Plane Management?

IPM.4 | Does the implementation send Tx/Rx cell rate change indications
to the Plane Management?

Comments:

(R-158) |Yes _ No__

Table 31 Management Information Base (MIB) Functions

cond. Status
Item Protocol feature for P Ref. Support
red.
Status
MIB.1 |Does the implementation support a UM based on SNMP? 0o (0-32) [Yes No

MIB.2 | Does the implementation implement the mandatory objectsin the | (O-32) |M (CR-17) [Yes__ No__
IMA-MIBs defined in Appendix A on page 106?
MIB.3 | Does the implementation implement the optiona objectsinthe |(0-32) |O (0O-33) [Yes_ No
IMA MIBs defined in Appendix A on page 106?
Comments:

1.4 PICS Proforma References

[A-1] The ATM Forum, AF-PHY-0086.001, Inverse Multiplexing for ATM (IMA) Specification Version
1.1

[A-2] ISO/IEC 9646-1: 1990, Information technology - Open systems interconnection - Conformance
testing methodology and framework - Part 1: General concepts (See also ITU-T Recommendation
X.290 (1991)).

[A-3] ISO/IEC 9646-2: 1990, Information technology - Open systems interconnection - Conformance
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testing methodology and framework - Part 2: Abstract test suite specification (See also ITU-T
Recommendation X.291 (1991)).

[A-4] ITU-T Recommendation 1.432 Series, “B-ISDN User-Network Interface - Physical Layer

[A-5] ITU-T Recommendation 1.610, “B-ISDN Operation and Maintenance Principles and Functions”’,
1995.
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Appendix A IMA SNMP MIBs

A.1 The Network Management Framework

The IMA unit management is defined using SNMP MIBs. SNMP [14] is an Internet standard network
management framework.

The Request For Comment (RFC) documents which are relevant here are:

* RFC 1213 [15] which defines MIB-Il, the core set of manager objects for the Internet suite of protocols,

» RFC 1902 [17] which defines the Structure of Management Information (SM1I), the mechanisms used for
describing and naming objects for the purpose of management,

* RFCs 1157 [14] which defined SNMPv1 and RFC 1905 [18] which defines SNMPv2,
» RFC 2233 [19] which defines the evolution of the Interfaces group of MIB-II,
» RFC 1406 [16] which defines managed objects for DS1 and E1 interfaces.

A.2 Overview

This MIB provides the objects necessary for configuration, performance, and fault management of the IMA
physical layer.

If the IMA protocol is used over DS1/E1 links, this MIB specification requires the implementation of the

DS1 MIB defined in RFC 1406 [16] with a separate instance created for each DS1/E1 used by the IMA
interface.

A.3 IMA Terminology

The errors/defects/failures listed in this document pertain to the IMA functionality only.

A.3.1 Error events

See Section 12.2.2.1 on page 77.

A.3.2 Defects

See Section 12.2.2.1 on page 77.

A.3.3 Performance Monitoring Parameters

See Section 12.2.2 on page 77.

A.3.4 Failure Alarm States

See Section 12.2.3 on page 79.

A.4 MIB-Il and RFC 2233 Support

All SNMP agents that support the IMA protocol must implement MIB-11 and the mandatory groups of
RFC 2233 [19]. The purpose of IMA protocol is to present the illusion that a group of one or more links
can be treated as a single physical interface of aggregate bandwidth. Real physical interfaces have entriesin
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the MIB-II Interfaces have entries in the MIB-II Interfaces Table. To preserve a consistent management
framework, it is highly desirable for each IMA Group to have entriesin this table as well.

To identify an interface as belonging to an IMA Group, it must be tagged with an ifType constant: atm
ima(107). This constant lets a network management application knows that additional information about
theinterfaceis available viathe IMA MIB.

IMA Groups are created and destroyed by network management. So that agents can control IMA iflndex
allocation, IMA Group tables define an object imaGrouplflndex that represents the ifindex associated with
the IMA interface. Both values are available through table entries:

» animaGroupMappingTable entry converts the IMA Group iflndex to an imaGrouplndex, and

» animaGroupTable entry contains an imaGrouplflndex object that identifies the IMA Group iflndex.

The MIB-II interfaces associated with physical links exist independently of the IMA link definition. A
physical link is designated to be an IMA link by the creation of a row in the IMA Link Table. The
if StackTable

The following depicts a typical use of the ifStackTable for atmima(107) interfaces, in this case when
stacked below an atm(37) interface and stacked above a number of dsl1(18) interfaces representing
individual DS1 or E1 physical IMA links:

Fomm e e +
atm
Fomm e e +
I
Fomm e e +
| atm nma |
o mm e e +
| I I
Fommoo - L + S +
| ds1 | | dsl | | dsl |
S S + S R +

Note that:

» Thereis a one-to-one correspondence between a higher layer ATM layer interface and alower layer IMA
Group interface.

* The IMA Group may perform inverse multiplexing over multiple physical interfaces.

A.4.1 Interpretations of Interface Table Entries for IMA Groups

The following items defined in the if Table of RFC 2233 [19] have IMA specific definitions:

ifindex IMA Interface index.

ifType  amima(107)

ifSpeed The interface speed is represents by the following equation (where Non represents, in the transmit
direction, the number of links which currently transmit cells passed from the ATM layer, and in
the receive direction, the number of links which currently receive ATM layer cells to be passed to

the ATM layer; where TRLCR is the TRL cell rate providing by the TRL in the transmit and
receive direction respectively; M isthe IMA frame length in cell units):

ifSpeed = NonX TRLCR X (55=) X (<o)
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ifPhysAddress A zero-length octet string
ifOperStatus This reflects the state of the Group Traffic State Machine.
RFC 2233 [19] provides the full descriptions of the status values.

For conformance to RFC 2233 [19], the ifGeneralnformationGroup, ifStackGroup2 and
if CounterDiscountinuityGroup are the only mandatory groups.

A.4.2 Interaction with ifAdminStatus

Setting the ifAdminStatus of the IMA Group interface to “down” or “testing” will cause the inhibiting
condition which affects the Group State Machine.

Setting the ifAdminStatus of alink interface to ‘down’ or ‘testing’ will cause the inhibiting condition which
affects the link’ s Transmit and Receive State Machines.

A.5 MIB Definition

IMA-MB DEFINITIONS ::= BEG N

| MPORTS
MODULE- | DENTI TY, OBJECT- TYPE, |nteger32, Counter32, Gauge32,
NOTI FI CATI ON- TYPE, enterprises
FROM SNWVPv2- SM
MODULE- COVPLI ANCE, OBJECT- GROUP, NOTI FI CATI ON- GROUP
FROM SNWVPv 2- CONF
TEXTUAL- CONVENTI ON, Dat eAndTi ne, RowSt at us
FROM SNVPv2-TC
I nterfacel ndex, |nterfacel ndexOQrZero, iflndex
FROM | F- M B;

atnfl maM b MODULE- | DENTI TY
LAST- UPDATED "9902111830Z"
ORGANI ZATI ON "The ATM For unf
CONTACT- | NFO
"ATM For um
Worl d Headquarters
2570 West El Cami no Real

Suite 304
Mount ai n Vi ew, CA 94040-1313
USA

Phone: +1 415 949 6700
Fax: +1 415 949 6705
emai | : info@tnforum cont

DESCRI PTI ON
"The M B nodul e for managi ng ATM Forum I nverse Milti pl exi ng
for ATM (I MA) interfaces."

REVI SI ON "9902111830Z"

DESCRI PTI ON
"Updated and repaired version of the IMA-MB released with the
IMA v1.1 specification (af-phy-0086.001)."

REVI SI ON "97010922457"

DESCRI PTI ON
"Initial inconplete version of the IMA-MB as published in the
I MA v1.0 specification (af-phy-0086.000)."

o= f{ atnflma 1}

-- The object identifier subtree for the | MA-M B.
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at mForum OBJECT IDENTIFIER ::={ enterprises 353 }

at mor umNet wor kManagement OBJECT IDENTIFIER ::= { atnfForum5 }
atnflma OBJECT | DENTI FIER ::= { atnfForunNetwor kManagenent 7 }
atnfl maM bCbj ects OBJECT IDENTIFIER ::= { atnflnaMb 1 }

atnfl maM bTraps OBJECT IDENTIFIER ::={ atnflmaM b 2 }

atnf | maM bTrapPrefix OBJECT IDENTIFIER ::= { atnflmaM bTraps 0 }
at nf | maM bConf or mance OBJECT IDENTIFIER ::= { atnflmaM b 3 }

-- Textual conventions

M I 1i Seconds ::= TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON
"Time in mlliseconds"
SYNTAX I nt eger 32
I maG oupSt ate ::= TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON
"State of the I MA group.”
REFERENCE
"ATM Forum I MA v1.1, Section 10.2.1 on page 55"
SYNTAX | NTECGER {

not Confi gured(1),

start Up(2),

start UpAck(3),

confi gAbort Unsupport edM 4),

confi gAbort | nconpati bl eSymmetry(5),
confi gAbort & her (6),

i nsuf ficientLinks(7),

bl ocked(8),

operational (9),

conf i gAbor t Unsupport edl maVer si on(10) }

I maGr oupFai | ureStatus ::= TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON
"Fail ure reason of an | MA group."
REFERENCE
"ATM Forum I MA v1.1, Section 10.2.1, page 55"
SYNTAX | NTECGER {
noFailure(1), -- unit is up

start UpNe(2),

start UpFe(3),

i nval i dWal ueNe(4),

i nval i dwal ueFe(5),

fail edAssynetri cNe(6),
fail edAssynetricFe(7),

i nsuf fici ent Li nksNe(8),
i nsuf fici entLi nksFe(9),
bl ockedNe(10),

bl ockedFe(11),

ot her Fai l ure(12),

i nval i dl maVer si onNe( 13),
i nval i dl maVer si onFe(14) }

| maAl ar nSt at us :: = TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON

"A qualification of the IMA trap which indicates if the
condition causing the trap has been detected (decl ared)
or is no longer present (cleared)."

SYNTAX I NTEGER {
cleared(1),
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decl ared(2) }

I maAl ar nType :: = TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON

"An identification of the event that caused the generation
of the IMA trap.”

REFERENCE
"ATM Forum I MA v1.1, Section 12.2.3 on page 79"
SYNTAX | NTECGER {

maAl ar nLi nkLi f (1),

maAl ar nLi nkLods(2),

maAl ar nLi nkRfi (3),

maAl ar nLi nkTxM sConnect (4),
maAl ar nLi nkRxM sConnect (5),
maAl ar nLi nkTxFaul t (6),

maAl ar nLi nkRxFaul t (7),

maAl ar nLi nkTxUnusabl eFe(8),
maAl ar nLi nkRxUnusabl eFe(9),
maAl ar nar oupSt ar t upFe(10),
maAl ar nGr oupCf gAbort (11),

maAl ar nGr oupCf gAbor t Fe(12),
maAl ar nr oupl nsuf f Li nks(13),
maAl ar nar oupl nsuf f Li nksFe( 14),
maAl ar nar oupBl ockedFe( 15),
maAl ar nar oupTi mi ngSynch(16) }

I maG oupTxd kibde ::= TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON

"Indicate the transmt clock node of the I MA group.

There are two possi bl e nodes: the Common Transnit

Cock (CTQ and the Independent Transmt Cock (I1TC).

The CTC node corresponds to the case when the transmt clock
of all IMAlinks are derived fromthe same source. The ITC
configuration corresponds to the case where there is at |east
one I MA link whose transmt clock is derived froma source
different than at l|east another link transmt clock."

REFERENCE
"ATM Forum I MA v1.1, Section 7 on page 38"
SYNTAX | NTECGER {
ctc(l),
itc(2) }
I maG oupSynmmetry :: = TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON

"The group symetry node adjusted during the group start-up."
REFERENCE

"ATM Forum I MA v1.1, Section 5.2.2.7 on page 35"
SYNTAX | NTECGER {

symetri cOperation(l),

asymetri cQperation(2),

asymmetri cConfiguration(3) }

I maFranmelLengt h :: = TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON
"Length of the IMA frames."
REFERENCE
"ATM Forum I MA v1.1, Section 5.2.2.4.2 on page 34"
SYNTAX | NTECGER {
nB82(32),
n64(64),
ml28(128),
110 ATM Forum Technical Committee



Inverse Multiplexing for ATM Specification Version 1.1

AF-PHY-0086.001

nR256(256) }
I maLi nkSt ate ::= TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON
"State of a link belonging to an I MA group."
REFERENCE
"ATM Forum I MA v1.1, Section 10.1.2 on page 48"
SYNTAX | NTECGER {

not | nG oup(1),

unusabl eNoG venReason( 2),
unusabl eFaul t (3),

unusabl eM sconnect ed(4),
unusabl el nhi bi t ed(5),
unusabl eFai | ed(6),

usabl e(7),

active(8) }

1 = TEXTUAL- CONVENTI ON
current

| maLi nkFai | ureSt at us :
STATUS
DESCRI PTI ON

"Local failure status of a link belonging to an | MA group."

REFERENCE
"ATM Forum I MA v1.1, Section 10.1.2 on page 48"
SYNTAX | NTECGER {
noFai l ure(1),
i maLi nkFai |l ure(2),
l'ifFailure(3),
| odsFai l ure(4),
m sConnect ed(5),
bl ocked(6),
fault(7),
far EndTxLi nkUnusabl e(8),
f ar EndRxLi nkUnusabl e(9) }

= TEXTUAL- CONVENTI ON
current

| maTest ProcStatus ::

STATUS
DESCRI PTI ON

"States of the Test Pattern Procedure.”
REFERENCE

"ATM Forum I MA v1.1, Section 13 on page 81"
SYNTAX I NTEGER {

di sabl ed(1),

operating(2),

l'inkFail (3) }

-- The I MA Group subtree

-- The I MA Group subtree consists of the nunber of | MA groups and a

-- table of I MA groups. Each
-- information (configuration

i maG oupNunber OBJECT- TYPE
SYNTAX I NTEGER (O. .
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

entry in the table of | MA groups contains
and status) specific to each group.

2147483647)

"The nunber of | MA groups configured on this system"

o= { atnflmaM bObj ects

i maG oupTabl e OBJECT- TYPE
SYNTAX SEQUENCE OF
MAX- ACCESS

1}

| maG oupEntry

not - accessi bl e
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STATUS

current

DESCRI PTI ON
"The I MA Group Configuration table."

:={ atnflmaM bObj ects 2 }

i maG oupEntry OBJECT- TYPE

| maG oupEntry ::

SYNTAX
MAX- ACCESS
STATUS

current

DESCRI PTI ON
"An entry in the IMA Goup table."

NDEX

;= { imGoupTable 1 }

= SEQUENCE {
maG oupl ndex

maG oupRowsSt at us

maG oupl f | ndex

maG oupNeSt at e

maG oupFeSt at e

maG oupFai | ur eSt at us
maG oupSynmet ry

maG oupM nNumrxLi nks
maG oupM nNunmRxLi nks
maG oupNeTxCd kivbde
maG oupFeTxd kivbde
maG oupTxTi m ngRef Li nk
maG oupRxTi m ngRef Li nk
ma Q& ouplLast Change

maG oupTx| nal d

maG oupRxI nal d

maG oupTxFr aneLengt h
maG oupRxFr aneLengt h
ma QG oupDi f f Del ayMax
maG oupleast Del ayLi nk
maG oupDi f f Del ayMaxCbs
maG oupAl phaVal ue

maG oupBet aVal ue

maG oupGanmmaVal ue

ma& oupRunni ngSecs
ma@G oupUnavai | Secs
maG oupNeNunfai | ur es
maG oupFeNunfai | ur es
maG oupTxAvai | Cel | Rat e
maG oupRxAvai | Cel | Rat e
maG oupNunirxCf gLi nks
maG oupNunRxCf gLi nks
maG oupNunirxAct Li nks
maG oupNunRxAct Li nks
maG oupTest Li nkl f | ndex
maG oupTest Pattern

maG oupTest ProcSt at us
maG oupVal i dl nterval s
maG oupl nval i dl nterval s
maG oupTi meEl apsed
maG oupTxQanlLabel Val ue
maG oupRxQanlLabel Val ue

i maG oupl ndex OBJECT- TYPE

SYNTAX
MAX- ACCESS
STATUS

current

DESCRI PTI ON
"A uni que value for the IMA Goup.”
;= { imGoupEntry 1}

| maG oupEntry
not - accessi bl e

{ i maG oupl ndex }

| NTEGER (1..2147483647),

RowSt at us,

I nt er f acel ndex,

| maG oupSt at e,

| maG oupSt at e,

| maG oupFai | ur eSt at us,
| maG oupSymet ry,

I NTEGER (1..32),

I NTEGER (1..32),

| maG oupTxd kMode,

| maG oupTxd kMode,

I nt erfacel ndexOr Zer o,
I nt erfacel ndexOr Zer o,
Dat eAndTi e,

I NTEGER (0. . 255),

I NTEGER (0. . 255),

| maFr aneLengt h,

| maFr aneLengt h,

M1l i Seconds,
I nt erf acel ndexOr Zer o,
M I1i Seconds,

I NTEGER (1..2),

I NTEGER (1..5),

I NTEGER (1..5),
Gauge32,

Count er 32,

Count er 32,

Count er 32,
Gauge32,

Gauge32,

Gauge32,

Gauge32,

Gauge32,

Gauge32,

I nt erfacel ndexOr Zer o,
I NTEGER (-1..255),
| maTest Pr ocSt at us,
| NTEGER (0. .96),

| NTEGER (0..96),

I NTEGER (0..899),
I NTEGER (1..255),
I NTEGER (0..255) }

| NTEGER (1..2147483647)
not - accessi bl e
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i maG oupRowsSt at us OBJECT- TYPE

SYNTAX Rowst at us
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"The i maG oupRowSt at us obj ect allows create, change, and delete
operations on i maG oupTabl e entries.

To create a new conceptual row (or instance) of the i maG oupTabl e,
i MG oupRowSt at us nmust be set to 'createAndWait' or 'createAndCGo' .
If settable, a successful set of the follow ng objects nust be
perforned before the i maG oupRowSt at us of a new conceptual row can
be set to 'active':

i maG oupM nNunTxLi nks
i maG oupM nNunRxLi nks
i maG oupTx! mal d

Sorme objects in the i maG oupTabl e control settings which can only
be established or changed at group start-up tine. These objects
i ncl ude:

i maG oupTx! mal d
i maG oupSymmet ry
i maG oupTxFraneLengt h

To change (nodify) the i maGroupTxl mal d obj ect, the manager nust
first set i maGoupRowStatus to 'notlnService'. However, changes
to the followi ng two objects can be optionally allowed while the
i maG oupRowStatus is 'active':

i maG oupSymmet ry
i maG oupTxFraneLengt h

These two objects can be changed when the i maG oupRowStatus is
"active' in order to allowthe far-end to recover fromits
Config-Aborted state wi thout having to force the near-end G oup
State machine to go to the 'Not Configured state. Changing
these object values after group start-up has conpl eted causes a
restart of the | MA group.

Al ternatively, as noted above, the agent inplenentation may
sinply require the i maG oupRowSt at us object to first be set to
"notlnService' before allow ng changes to either of these two
obj ect s.

To renove (del ete) an i maG oupTable entry fromthis table, set
i maG oupRowSt atus to 'destroy'.

Setting the i maGroupRowStatus to 'active' has the effect of
activating the Group Startup Procedure. The Group Startup
Procedure uses provisioned |inks that have i maLi nkRowSt at us set
to "active' and inmaLi nkG oupl ndex set to the i maG oupl ndex in
this conceptual row.

Wien the i maG oupRowStatus is not in 'active' state, the Goup
State machine is inits 'Not Configured state."
;= { imGoupEntry 2}

i maG oupl f I ndex OBJECT- TYPE

SYNTAX I nt erfacel ndex
MAX- ACCESS read-only
STATUS current

DESCRI PTI ON
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"This object identifies the logical interface nunber ('iflndex')
assigned to this IMA group, and is used to identify corresponding
rows in the Interfaces MB.

Note that re-initialization of the nanagenent agent may cause
a client's "imaGouplflndex' to change."
;= { imGoupEntry 3}

i maGr oupNeSt at e OBJECT- TYPE

SYNTAX | maG oupSt at e

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The current operational state of the near-end | MA Group State
Machi ne. "

REFERENCE

"ATM Forum I MA v1.1, Section 10.2.1 on page 55"
;= { imGoupEntry 4 }

i maGr oupFeSt at e OBJECT- TYPE

SYNTAX | maG oupSt at e

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The current operational state of the far-end I MA Group State
Machi ne. "

REFERENCE

"ATM Forum I MA v1.1, Section 10.2.1 on page 55"
;= { imGoupEntry 5}

i maG oupFai | ureSt at us OBJECT- TYPE

SYNTAX | maGr oupFai | ur eSt at us

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The current failure status of the I MA group (the reason why
the GISMis in the down state)."

REFERENCE
"ATM Forum I MA v1.1, Section 10.2.1 on page 55"

;= { imGoupEntry 6 }

i maG oupSymmet ry OBJECT- TYPE
SYNTAX I mG oupSynmmet ry
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON
"Symmetry of the I MA group.”
REFERENCE
"ATM Forum I MA v1.1, Section 5.2.2.7 on page 35"
DEFVAL { symmetricQperation }
;= { imGoupEntry 7 }

i maG oupM nNunTxLi nks OBJECT- TYPE

SYNTAX I NTEGER (1..32)

MAX- ACCESS read-create

STATUS current

DESCRI PTI ON
"M ni mum nunber of transmit links required to be Active for
the IMA group to be in the Qperational state.”

REFERENCE
"ATM Forum I MA v1.1, Section 10.2.1.1 on page 55"

;= { imGoupEntry 8 }

i maG oupM nNunRxLi nks OBJECT- TYPE
SYNTAX | NTEGER (1..32)
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MAX- ACCESS read-create

STATUS current

DESCRI PTI ON
"M ni mum nunber of receive links required to be Active for
the IMA group to be in the Qperational state.”

REFERENCE
"ATM Forum I MA v1.1, Section 10.2.1.1 on page 55"

;= { imGoupEntry 9 }

i maG oupNeTxd kMbde OBJECT- TYPE

SYNTAX | maG oupTxC kMbde
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON
"Transm t clocking node used by the near-end I MA group.”
REFERENCE

"ATM Forum I MA v1.1, Section 7 on page 38"
DEFVAL { ctc }
::= { imaGoupEntry 10 }

i maG oupFeTxd kMbde OBJECT- TYPE

SYNTAX | maG oupTxC kMbde
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"Transmt clocking node used by the far-end | MA group."
REFERENCE

"ATM Forum I MA v1.1, Section 7 on page 38"
::= { imaGoupEntry 11 }

i maG oupTxTi m ngRef Li nk OBJECT- TYPE

SYNTAX I nt er f acel ndexOr Zer o
MAX- ACCESS read-only

STATUS current

DESCRI PTI ON

"The iflndex of the transmit timng reference link to be
used by the near-end for I MA data cell clock recovery from
the ATM | ayer. The distinguished value of zero may be used
if no link has been configured in the I MA group, or if the
transmt timng reference link has not yet been selected."
REFERENCE
"ATM Forum I MA v1.1, Section 8.1.1 on page 41"
::= { imaG oupEntry 12 }

i maG oupRxTi m ngRef Li nk OBJECT- TYPE

SYNTAX I nt er f acel ndexOr Zer o
MAX- ACCESS read-only

STATUS current

DESCRI PTI ON

"The iflndex of the receive timng reference link to be
used by near-end for I MA data cell clock recovery toward
the ATM | ayer. The distinguished value of zero may be used
if no link has been configured in the I MA group, or if the
receive timng reference |link has not yet been detected.”
REFERENCE
"ATM Forum I MA v1.1, Section 8.1.1 on page 41"
::= { imaGoupEntry 13 }

i maGr oupLast Change OBJECT- TYPE

SYNTAX Dat eAndTi ne
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The time-of-day the I MA group | ast changed operati onal
state (i.e., value of imaG oupNeState changed)."
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::= { imaG oupEntry 14 }

i maG oupTxl mal d OBJECT- TYPE
SYNTAX | NTEGER (0. . 255)
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON
"The IMAID currently in use by the near-end I MA function."
REFERENCE
"ATM Forum I MA v1.1, Section 5.2.2.6 on page 35"
::= { imaGoupEntry 15 }

i maG oupRxl mal d OBJECT- TYPE
SYNTAX | NTEGER (0. . 255)
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"The IMA ID currently in use by the far-end I MA function."
REFERENCE
"ATM Forum I MA v1.1, Section 5.2.2.6 on page 35"
::= { imaG oupEntry 16 }

i maG oupTxFraneLengt h OBJECT- TYPE

SYNTAX I maFr anelLengt h

MAX- ACCESS read-create

STATUS current

DESCRI PTI ON
"The frame length to be used by the I MA group in the transmt
direction. Can only be set when the IMA group is startup.”

REFERENCE
"ATM Forum I MA v1.1, Section 5.2.2.4.2 on page 34"

DEFVAL { nl28 }

::= { imaG oupEntry 17 }

i maG oupRxFr aneLengt h OBJECT- TYPE

SYNTAX I maFr anelLengt h
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"Val ue of IMA frane length as received fromrenote I MA function."
REFERENCE

"ATM Forum I MA v1.1, Section 5.2.2.4.2 on page 34"
::= { imaG oupEntry 18 }

i maG oupDi f f Del ayMax OBJECT- TYPE

SYNTAX M | 1i Seconds

MAX- ACCESS read-create

STATUS current

DESCRI PTI ON
"The maxi mum nunber of mlliseconds of differential delay anong
the links that will be tolerated on this interface."

REFERENCE

"ATM Forum I MA v1.1, Section 9.2 on page 45"
DEFVAL { 25 }
::= { imaGoupEntry 19 }

i maG ouplLeast Del ayLi nk OBJECT- TYPE

SYNTAX I nt er facel ndexOr Zer o

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The iflndex of the link configured in the | MA group which has
the smallest |ink propagation delay. The distinguished val ue of
zero may be used if no link has been configured in the I MA group,
or if the link with the snallest |ink propagati on delay has not
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yet been determ ned."
REFERENCE

"ATM Forum I MA v1.1, Section 9.2 on page 45"
::= { imaG oupEntry 20 }

i maG oupDi f f Del ayMaxCbs OBJECT- TYPE

SYNTAX M I I'i Seconds

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The | atest maximumdifferential delay observed (in milliseconds)
between the links having the | east and nost |ink propagation del ay,
anmong the receive links that are currently configured in the I MA
group. "

REFERENCE
"ATM Forum I MA v1.1, Section 9.2 on page 45"

::= { imaGoupEntry 21 }

i maG oupAl phaVval ue OBJECT- TYPE

SYNTAX | NTEGER (1..2)

MAX- ACCESS read-create

STATUS current

DESCRI PTI ON
"This indicates the 'al pha' value used to specify the nunber
of consecutive invalid ICP cells to be detected before noving
to the IMA Hunt state fromthe I MA Sync state."

REFERENCE
"ATM Forum I MA v1.1, Section 11 on page 68"

DEFVAL { 2 }

::= { imaGoupEntry 22 }

i maG oupBet aVal ue OBJECT- TYPE

SYNTAX | NTEGER (1..5)

MAX- ACCESS read-create

STATUS current

DESCRI PTI ON
"This indicates the 'beta' value used to specify the nunber
of consecutive errored ICP cells to be detected before noving
to the IMA Hunt state fromthe I MA Sync state."

REFERENCE
"ATM Forum I MA v1.1, Section 11 on page 68"

DEFVAL { 2 }

::= { imaGoupEntry 23}

i maG oupGanmmaVal ue OBJECT- TYPE

SYNTAX | NTEGER (1..5)

MAX- ACCESS read-create

STATUS current

DESCRI PTI ON
"This indicates the 'gamma’ val ue used to specify the nunber
of consecutive valid ICP cells to be detected before noving
to the IMA Sync state fromthe I MA PreSync state.”

REFERENCE
"ATM Forum I MA v1.1, Section 11 on page 68"

DEFVAL { 1}

::= { imaG oupEntry 24 }

i maG oupRunni ngSecs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The ampunt of tine (in seconds) since this I MA group has
been in the QOperational state.”

REFERENCE
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"ATM Forum I MA v1.1, Section 10.2.1 on page 55"
::= { imaG oupEntry 25}

i maG oupUnavai | Secs OBJECT- TYPE

SYNTAX Count er 32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of one second intervals where the IMA Goup Traffic
State Machine is Down."
REFERENCE
"ATM Forum I MA v1.1, Section 10.2.1 on page 55 and (R-136) in Section
12.2.2.2 on page 77"
::= { imaG oupEntry 26 }

i maG oupNeNunfai | ures OBJECT- TYPE

SYNTAX Count er 32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of times a near-end group failure (Config-Aborted,

I nsufficient-Links) has been reported since power-up or reboot."
REFERENCE

"ATM Forum I MA v1.1, (R-137) in Section 12.2.2.2 on page 77"
::= { imaGoupEntry 27 }

i maG oupFeNunfai | ures OBJECT- TYPE

SYNTAX Count er 32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a far-end group failure (Config-Aborted- FE,
I nsuf ficient-Links-FE, Blocked-FE) has been reported since
power-up or reboot. This is an optional attribute.”

REFERENCE
"ATM Forum I MA v1.1, (O25) in Section 12.2.2.2 on page 77"

::= { imaGoupEntry 28 }

i maG oupTxAvai | Cel | Rat e OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The current cell rate (truncated value in cells per second)

provided by this IMA group in the transmt direction,

considering all the transmit links in the Active state.”
::= { imaG oupEntry 29 }

i maG oupRxAvai | Cel | Rat e OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The current cell rate (truncated value in cells per second)
provided by this IMA group in the receive direction,
considering all the receive links in the Active state."

::= { imaG oupEntry 30 }

-- i maG oupNunrxCf gLi nks is used by a network operator to tell how nany
-- links are configured for transmt in the | MA group.

i maG oupNumrxCf gLi nks OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current

118 ATM Forum Technical Committee



Inverse Multiplexing for ATM Specification Version 1.1 AF-PHY-0086.001

DESCRI PTI ON
"The nunber of links that are configured to transmt in this IMA
group. This attribute overwites the value of the
i maG oupNunmRxAct Li nks attri bute when the I MA group i s configured
in the Symretrical Configuration group synmmetry node."

::= { imaG oupEntry 31 }

-- i maG oupNunmRxCf gLi nks is used by a network operator to tell how nany
-- links are configured for receive in the | MA group.

i maG oupNunRxCf gLi nks OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of links that are configured to receive in this IMA
group. This attribute is overwitten by the value of the
i maG oupNumTxAct Li nks attri bute when the I MA group i s configured
in the Symretrical Configuration group synmetry node."

::= { imaGoupEntry 32 }

-- i maG oupNunirxAct Li nks is used by a network operator to tell how nany
-- links which are configured for transnit are al so Active.

i maG oupNunmirxAct Li nks OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of |inks which are configured to transmt and are
currently Active in this I MA group.”
::= { imaG oupEntry 33}

-- i maG oupNunmRxAct Li nks is used by a network operator to tell how nmany
-- links which are configured for receive are al so Acti ve.

i maG oupNunRxAct Li nks OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of |inks which are configured to receive and are
currently Active in this I MA group.”
::= { imaG oupEntry 34 }

-- Test Pattern Procedure control objects. These objects are inplenented

-- if the IMA inplenents the Test Pattern Procedure. In this case all

-- test pattern procedure related objects nmust be inplenented. Specifically,
-- these objects are:

-- i maG oupTest Li nkl f | ndex
-- i maG oupTest Pattern

-- i maQG oupTest ProcSt at us
-- i maLi nkRxTest Pattern

-- i maLi nkTest ProcSt at us

i maG oupTest Li nkl f I ndex OBJECT- TYPE

SYNTAX I nt er f acel ndexOr Zer o
MAX- ACCESS read-create

STATUS current

DESCRI PTI ON

"This object is used to designate an interface as the test link
for use in the Test Pattern Procedure. The distinguished val ue of
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zero specifies that the inplenentati on may choose the Test Link,
in which case, the inplenmentation may al so choose the val ue of

"imG oupTestPattern'. The value zero may al so be used if no link

has yet been added to the group.

Note that this value is NOT the sane as the Tx LID val ue, but

instead either identifies the iflndex value of the test link to be
used by the Test Pattern Procedure (i.e., the |link whose LID val ue

is inserted inthe Tx LIDfield of the transmtted |ICP cells),
or identifies that the inplenentati on may choose the test link (if
the value is zero)."
REFERENCE
"ATM Forum I MA v1.1, Section 13 on page 81"
DEFVAL { O }
::= { imaGoupEntry 35 }

i maG oupTest Pattern OBJECT- TYPE

SYNTAX I NTEGER (-1..255)
MAX- ACCESS read-create
STATUS current

DESCRI PTI ON

"The value of this object is used to specify the Tx Test Pattern
in an | MA group | oopback operation. A value in the range 0 to
255 designates a specific pattern. The distinguished val ue of
-1 specifies that the inplenentation may choose the value. In
this case, the inplenentation nmay al so choose the val ue of

"i maQG oupTest Li nkl f I ndex' .

It is reconmended that the specific value 255 not be used for
testing, since by (R 137) the IMA interface is required to
transmt OxFF (i.e., 255) when the incomng test command is
inactive or the test link is not detected, and thus it cannot
be established for certain whether 255 was received due to an
actual | oopback operation or due to the nornmal operation of an
IMA that is not performing (or else cannot perform the test
pattern procedure."

REFERENCE
"ATM Forum I MA v1.1, Section 13 on page 81"

DEFVAL { -1}

::= { imaG oupEntry 36 }

i maG oupTest ProcSt at us OBJECT- TYPE

SYNTAX | mTest ProcSt at us
MAX- ACCESS read-create
STATUS current

DESCRI PTI ON

"This object is used to enable or disable the
Test Pattern Procedure, and to note whether at |east one
link failed the test.

The test is started by setting operating(2) status. |If any
link should fail the test, the IMA will set the status to
linkFail (3). The linkFail(3) state will persist until

ei ther the disabled(1l) state is set or until no instance

of i maLi nkTest ProcStatus has the value |inkFail (3).

Only the val ues disabled(1) and operating(2) may be witten.

Witing the operating(2) value will not cause clearing of
the linkFail (3) state."
REFERENCE

"ATM Forum I MA v1.1, Section 13 on page 81"
DEFVAL { disabl ed }
::= { imaGoupEntry 37 }
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-- (bjects for use with the IMA Goup Current Table, the I MA G oup
-- Interval Table, and the I MA Group Total Table.

-- Inplenmentation of these objects is optional, dependent on whether
-- the tables nentioned above are inpl enent ed.

i maG oupVal i dl nterval s OBJECT- TYPE

SYNTAX | NTEGER (0. . 96)

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The nunber of previous 15 mnute intervals for which valid data
was collected. The value will be 96 unless the I MA group table
entry was created within the last 24 hours, in which case the val ue
will be the nunber of conplete 15 minute intervals since the | MA
group table entry was created. In the case where the agent is a
proxy, it is possible that some intervals are unavailable. In this

case, this value is the maxi muminterval nunber for which valid
data is available. This attribute is only mandatory when the | MA
Goup Interval Statistics and/or IMA Group Total Statistics objects
are inplenmented."

REFERENCE
"ATM Forum I MA v1.1, (O26) in Section 12.2.2.2 on page 77"

::= { imaG oupEntry 38 }

i maG oupl nval i dl nt erval s OBJECT- TYPE

SYNTAX | NTEGER (0. .96)
MAX- ACCESS read-only
STATUS current

DESCRI PTI ON

"The nunber of intervals for which no valid data is avail abl e.
This attribute is only nandatory when the | MA G oup Interval
Statistics and/or IMA Goup Total Statistics objects are
i mpl enent ed. "
REFERENCE
"ATM Forum I MA v1.1, (O26) in Section 12.2.2.2 on page 77"
::= { imaGoupEntry 39 }

i maG oupTi neEl apsed OBJECT- TYPE

SYNTAX I NTEGER (0. .899)
MAX- ACCESS read-only
STATUS current

DESCRI PTI ON

"The nunber of seconds that have el apsed since the beginning of
the current measurenent period. This attribute is only mandatory
when the IMA Group Current Statistics are inplenented.”

REFERENCE
"ATM Forum I MA v1.1, (O26) in Section 12.2.2.2 on page 77"

::= { imaG oupEntry 40 }

-- (bjects to report the | MA OAM Label values transmtted and
-- received by the I MA group.

i maG oupTxQanlLabel Val ue OBJECT- TYPE

SYNTAX | NTEGER (1..255)
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"I VA OAM Label value transmtted by the NE IMA unit."
REFERENCE

"ATM Forum I MA v1.1, Section 5.2.2.3 on page 32"
::= { imaG oupEntry 41 }
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i maG oupRxQanlLabel Val ue OBJECT- TYPE

SYNTAX I NTEGER (0. . 255)
MAX- ACCESS read-only
STATUS current

DESCRI PTI ON

"I MA OAM Label value transmitted by the FE IMA unit. The value 0
likely means that the I MA unit has not recei ved an QAM Label
fromthe FE IMA unit at this tine."

REFERENCE
"ATM Forum I MA v1.1, Section 5.2.2.3 on page 32"

::= { imaGoupEntry 42 }

-- The I MA Group Mappi ng Tabl e subtree

-- The I MA Group Mappi ng Tabl e subtree consists of a table of nmappings
-- from'iflndex' values of IMA groups to their 'imG oupl ndex' val ues.
-- This table allows the Unit Managenent to perform easy | ook-ups (no

-- searches and sorts).

-- Note that the Group Index is different than the iflndex.

i maG oupMappi ngTabl e OBJECT- TYPE

SYNTAX SEQUENCE OF | maGr oupMappi ngEntry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"A table mapping the "iflndex' values of 'imaG ouplflndex'
to the '"imaG oupl ndex' val ues of the corresponding | MA group."”
:={ atnflmaM bObj ects 3 }

i maG oupMappi ngEntry OBJECT- TYPE
SYNTAX I maG oupMappi ngEnt ry
MAX- ACCESS not - accessi bl e
STATUS current
DESCRI PTI ON
"Each row describes one iflndex to i maG oupl ndex mappi ng."
1 NDEX { iflndex }
::= { i maG oupMappi ngTable 1 }

| maG oupMappi ngEntry :: = SEQUENCE {
i maG oupMappi ngl ndex I nt eger32 }

i maG oupMappi ngl ndex OBJECT- TYPE

SYNTAX I nt eger 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The i maG oupl ndex of the IMA Goup which inplenments the
specified interface.”

::= { imaG oupMappi ngEntry 1 }

-- The I MA Link subtree

-- The I MA Link subtree consists of a table of IMA links. Each entry
-- in the table contains status information about a |link which is part
-- of an I MA group, and al so contains a configuration object to select
-- to which I MA group the Iink bel ongs.

i maLi nkTabl e OBJECT- TYPE
SYNTAX SEQUENCE OF | maLi nkEntry
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MAX- ACCESS not - accessi bl e
STATUS current
DESCRI PTI ON
"The I MA group Link Status and Configuration table."
:={ atnflmaM bObj ects 4 }

i maLi nkEntry OBJECT- TYPE
SYNTAX I maLi nkEntry
MAX- ACCESS not - accessi bl e

STATUS current
DESCRI PTI ON

"An entry in the IMA Goup Link table."

| NDEX
::= { imaLinkTable 1 }

I maLi nkEntry ::= SEQUENCE {

i maLi nkl f | ndex

maLi nkRowSt at us

maLi nkG oupl ndex

maLi nkNeTx St at e

maLi nkNeRxSt at e

malLi nkFeTxSt at e

malLi nkFeRxSt at e

maLi nkNeRxFai | ur eSt at us
maLi nkFeRxFai | ur eSt at us
malLi nkTxLi d

malLi nkRxLi d

maLi nkRel Del ay

malLi nkl maVi ol ati ons
maLi nkQ f Anonal i es

maLi nkNeSevEr r or edSecs
maLi nkFeSevEr r or edSecs
maLi nkNeUnavai | Secs
maLi nkFeUnavai | Secs
maLi nkNeTxUnusabl eSecs
maLi nkNeRxUnusabl eSecs
maLi nkFeTxUnusabl eSecs
maLi nkFeRxUnusabl eSecs
maLi nkNeTxNunfai | ur es
maLi nkNeRxNunfai | ur es
maLi nkFeTxNunfai | ur es
maLi nkFeRxNunfai | ur es
maLi nkTxSt uffs

maLi nkRxSt uf f s

maLi nkRxTest Pat t ern
maLi nkTest ProcSt at us
maLi nkVal i dl nt erval s
maLi nkl nval i dl nterval s
maLi nkTi meEl apsed

i maLi nkl f 1 ndex OBJECT- TYPE
SYNTAX

STATUS
DESCRI PTI ON

current

I nt erfacel ndex
MAX- ACCESS not - accessi bl e

{ i maLinkl flndex }

I nt er f acel ndex,
RowSt at us,

I nt eger 32,

| maLi nkSt at e,

| maLi nkSt at e,

| maLi nkSt at e,

| maLi nkSt at e,

| maLi nkFai | ur eSt at us,
| maLi nkFai | ur eSt at us,
I NTEGER (0. . 31),

| NTEGER (0. . 31),
M I1i Seconds,
Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

Count er 32,

I NTEGER (0. . 255),

| maTest Pr ocSt at us,
| NTEGER (0. .96),

| NTEGER (0. .96),

I NTEGER (0..899) }

"This corresponds to the "iflndex' of the MB-Il interface

on which this link is established.
corresponds to the | ogical

this IMA link."
;= { imaLinkEntry 1 }

i maLi nkRowSt at us OBJECT- TYPE

SYNTAX Rowst at us
MAX- ACCESS read-create
STATUS current

Thi s object also
nunber ('iflndex') assigned to
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DESCRI PTI ON
"The i maLi nkRowSt at us obj ect all ows create, change, and del ete
operations on inmaLinkTabl e entries.

To create a new conceptual row (or instance) of the inaLinkTabl e,

i maLi nkRowSt at us nust be set to 'createAndWait' or 'createAndGo'.

A successful set of the imaLi nkG oupl ndex object nust be perfornmed
bef ore the inmaLi nkRowSt at us of a new conceptual row can be set to
"active'.

To change (nodify) the inmaLi nkG oupl ndex in an imaLi nkTabl e entry,

t he i maLi nkRowSt at us obj ect nust first be set to 'notlnService'.
Only then can this object in the conceptual row be nodified.

This is due to the fact that the i maLi nkG oupl ndex object provides
the association between a physical IMA link and the | MA group to
which it belongs, and setting the imaLi nkG oupl ndex object to a
different value has the effect of changing the association between
a physical IMA link and an I MA group. To place the link "in group',
the i maLi nkRowSt atus object is set to "active'. Wiile the rowis
not in 'active' state, both the Transnit and Receive IMA link state
machines are in the 'Not In Goup' state.

To renove (del ete) an inalLi nkTable entry fromthis table, set
this object to 'destroy'."
;= { imaLinkEntry 2 }

i maLi nkG oupl ndex OBJECT- TYPE

SYNTAX I nt eger 32
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"The val ue which identifies the I MA group (inmaG oupl ndex)
of which this link is a nmenber."
::= { imaLinkEntry 3}

i maLi nkNeTxSt at e OBJECT- TYPE

SYNTAX | maLi nkSt at e
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"The current state of the near-end transmt link."
REFERENCE

"ATM Forum I MA v1.1, Section 10.1.2 on page 48"
::= { imaLinkEntry 4 }

i maLi nkNeRxSt at e OBJECT- TYPE

SYNTAX | maLi nkSt at e
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"The current state of the near-end receive link."
REFERENCE

"ATM Forum I MA v1.1, Section 10.1.2 on page 48"
::= { imaLinkEntry 5 }

i maLi nkFeTxSt at e OBJECT- TYPE

SYNTAX | maLi nkSt at e
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The current state of the far-end transnmit link as reported
via ICP cells."

REFERENCE
"ATM Forum I MA v1.1, Section 10.1.2 on page 48"

::= { imaLinkEntry 6 }
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i maLi nkFeRxSt at e OBJECT- TYPE

SYNTAX I maLi nkSt at e

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The current state of the far-end receive link as reported
via ICP cells."

REFERENCE
"ATM Forum I MA v1.1, Section 10.1.2 on page 48"

::= { imaLinkEntry 7 }

i maLi nkNeRxFai | ur eSt at us OBJECT- TYPE

SYNTAX | maLi nkFai | ur eSt at us
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"The current link failure status of the near-end receive link."
REFERENCE

"ATM Forum I MA v1.1, Section 10.1.2 on page 48"
::= { imaLinkEntry 8 }

i maLi nkFeRxFai | ur eSt at us OBJECT- TYPE

SYNTAX | maLi nkFai | ur eSt at us

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The current link failure status of the far-end receive link
as reported via ICP cells."

REFERENCE
"ATM Forum I MA v1.1, Section 10.1.2 on page 48"

::= { imaLinkEntry 9 }

i maLi nkTxLi d OBJECT- TYPE

SYNTAX I NTEGER (0. .31)

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The outgoing LID used currently on the link by the local end.
This value has neaning only if the link belongs to an | MA group."

REFERENCE
"ATM Forum I MA v1.1, Section 5.2.2.1 on page 26"

::= { imaLinkEntry 10 }

i maLi nkRxLi d OBJECT- TYPE

SYNTAX | NTEGER (0. .31)

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The incoming LID used currently on the link by the renote
end as reported via ICP cells. This value has neaning only
if the link belongs to an I MA group.”

REFERENCE
"ATM Forum I MA v1.1, Section 5.2.2.1 on page 26"

;2= { imaLinkEntry 11 }

i maLi nkRel Del ay OBJECT- TYPE

SYNTAX M 11i Seconds

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The | atest neasured delay on this link relative to the link, in
the same | MA group, with the | east delay."

REFERENCE
"ATM Forum I MA v1.1, Section 9.2 on page 45"
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::= { imaLinkEntry 12 }

i maLi nkl maVi ol ati ons OBJECT- TYPE

SYNTAX Count er 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"I CP violations: count of errored, invalid or missing ICP cells,
except during SES-1MA or UAS-IMA conditions."

REFERENCE
"ATM Forum I MA v1.1, (R-125) in Section 12.2.2.2 on page 77"

::= { imaLinkEntry 13 }

i maLi nkG f Anonal i es OBJECT- TYPE
SYNTAX Count er 32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"The nunber of O F anomalies, except during SES-1MA or UAS-I VA
conditions, at the near-end. This is an optional attribute."
REFERENCE
"ATM Forum I MA v1.1, (O20) in Section 12.2.2.2 on page 77"
::= { imaLinkEntry 14 }

i maLi nkNeSevErr or edSecs OBJECT- TYPE

SYNTAX Count er 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of one second intervals containing >= 30%of the ICP cells
counted as IV-1MAs, or one or nore |ink defects (e.g., LCS, OOF/ LOF,
Al'S, or LCD), LIF defects, or LODS defects, except during UAS-INA
condition."

REFERENCE
"ATM Forum I MA v1.1, (R-126) in Section 12.2.2.2 on page 77"

::= { imaLinkEntry 15 }

i maLi nkFeSevErroredSecs OBJECT- TYPE

SYNTAX Count er 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of one second intervals containing one or nore RD -1 MA
defects, except during UAS-IMA-FE condition."

REFERENCE
"ATM Forum I MA v1.1, (R-127) in Section 12.2.2.2 on page 77"

::= { inmaLinkEntry 16 }

i maLi nkNeUnavai | Secs OBJECT- TYPE

SYNTAX Count er 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of unavail abl e seconds at near-end: unavailability begins
at the onset of 10 contiguous SES-1MA and ends at the onset
of 10 contiguous seconds with no SES-IMA "

REFERENCE
"ATM Forum I MA v1.1, (R-128) in Section 12.2.2.2 on page 77"

::= { imaLinkEntry 17 }

i maLi nkFeUnavai | Secs OBJECT- TYPE
SYNTAX Count er 32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
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"Count of unavail abl e seconds at far-end: unavailability begins
at the onset of 10 contiguous SES-I1MA-FE and ends at the onset of
10 contiguous seconds with no SES-| MA-FE. "

REFERENCE
"ATM Forum I MA v1.1, (R-129) in Section 12.2.2.2 on page 77"

::= { imaLinkEntry 18 }

i maLi nkNeTxUnusabl eSecs OBJECT- TYPE

SYNTAX Count er 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Tx Unusabl e seconds: count of Tx Unusabl e seconds at the near-end
TX LSM "

REFERENCE

"ATM Forum I MA v1.1, (R-130) in Section 12.2.2.2 on page 77"
::= { imaLinkEntry 19 }

i maLi nkNeRxUnusabl eSecs OBJECT- TYPE

SYNTAX Count er 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Rx Unusabl e seconds: count of Rx Unusabl e seconds at the near-end
Rx LSM "

REFERENCE
"ATM Forum I MA v1.1, (R-131) in Section 12.2.2.2 on page 77"

::= { imaLinkEntry 20 }

i maLi nkFeTxUnusabl eSecs OBJECT- TYPE

SYNTAX Count er 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Tx Unusabl e seconds at far-end: count of seconds with Tx Unusabl e
indications fromthe far-end Tx LSM "

REFERENCE
"ATM Forum I MA v1.1, (R-132) in Section 12.2.2.2 on page 77"

::= { imaLinkEntry 21 }

i maLi nkFeRxUnusabl eSecs OBJECT- TYPE

SYNTAX Count er 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Rx Unusabl e seconds at far-end: count of seconds with Rx Unusabl e
indications fromthe far-end Rx LSM "

REFERENCE
"ATM Forum I MA v1.1, (R-133) in Section 12.2.2.2 on page 77"

::= { imaLinkEntry 22 }

i maLi nkNeTxNuntai | ures OBJECT- TYPE

SYNTAX Count er 32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The nunber of tines a near-end transmt failure alarmcondition
has been entered on this link (i.e., some formof inplenentation
specific transmt fault)."

REFERENCE
"ATM Forum I MA v1.1, (R-134) in Section 12.2.2.2 on page 77"

::= { imaLinkEntry 23}

i maLi nkNeRxNuntai | ures OBJECT- TYPE
SYNTAX Count er 32

ATM Forum Technical Committee

127



AF-PHY-0086.001 Inverse Multiplexing for ATM Specification Version 1.1

MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"The nunber of tines a near-end receive failure alarmcondition
has been entered on this link (i.e., LIF, LODS,
RFI -1 MA, M s-Connected or sone formof inplenmentation specific receive
fault)."
REFERENCE
"ATM Forum I MA v1.1, (R-135) in Section 12.2.2.2 on page 77"
::= { imaLinkEntry 24 }

i maLi nkFeTxNuntai | ures OBJECT- TYPE

SYNTAX Count er 32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunmber of times a far-end transmt failure alarmcondition
has been entered on this link (i.e., Tx-Unusable-FE). This is an
optional attribute."”

REFERENCE
"ATM Forum I MA v1.1, (O21) in Section 12.2.2.2 on page 77"

::= { imaLi nkEntry 25 }

i maLi nkFeRxNuntai | ures OBJECT- TYPE

SYNTAX Count er 32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of times a far-end receive failure alarmcondition
has been entered on this link (i.e., Rx-Unusable-FE). This is an
optional attribute."”

REFERENCE
"ATM Forum I MA v1.1, (O22) in Section 12.2.2.2 on page 77"

::= { inmaLinkEntry 26 }

i maLi nkTxSt uf fs OBIJECT- TYPE

SYNTAX Count er 32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of stuff events inserted in the transmt direction.
This is an optional attribute."”
REFERENCE
"ATM Forum I MA v1.1, (O23) in Section 12.2.2.2 on page 77"
::= { imaLi nkEntry 27 }

i maLi nkRxSt uf fs OBJECT- TYPE

SYNTAX Count er 32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of stuff events detected in the receive direction.
This is an optional attribute."”
REFERENCE
"ATM Forum I MA v1.1, (O24) in Section 12.2.2.2 on page 77"
::= { imaLinkEntry 28 }

-- Test Pattern Procedure control objects. These objects are inplenented

-- if the IMA inplenents the Test Pattern Procedure. In this case all

-- test pattern procedure related objects must be inplenented. Specifically,
-- these objects are:

-- i maG oupTest Li nkl f | ndex
-- i maG oupTest Pattern
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-- i maQG oupTest ProcSt at us
-- i maLi nkRxTest Pattern
-- i maLi nkTest ProcSt at us

i maLi nkRxTest Pattern OBJECT- TYPE

SYNTAX I NTEGER (0. . 255)
MAX- ACCESS read-only
STATUS current

DESCRI PTI ON

"This object identifies the test pattern received in the
ICP Cell (octet 17) on the link during the IMA Test Pattern
Procedure. This value may then be conpared to the transnmitted
test pattern.”

::= { imaLinkEntry 29 }

i maLi nkTest ProcSt at us OBJECT- TYPE

SYNTAX | mTest ProcSt at us

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"This value indicates the current state of the Test Pattern
Procedure. |If the value is disabled(1l), the test is not

running. A value of operating(2) neans the test is running
and no error has been found on this interface. A value of
l'inkFail (3) neans an error has been detected on this |ink
during the test.

Once an error is detected, the linkFail (3) value is latched until

either this object is read or until the i maG oupTest ProcSt at us

is moved to disabled(l). Once read, if the error no | onger

persists, a subsequent read will report the val ue operating(2)."
::= { imaLinkEntry 30 }

-- (bjects for use with the I MA Link Current Table, the I MA Link
-- Interval Table, and the | MA Link Total Tabl e.

-- Inplenmentation of these objects is optional, dependent on whether
-- the tables nentioned above are inpl enented.

i maLi nkVal i dl nt erval s OBJECT- TYPE

SYNTAX | NTEGER (0. . 96)

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The nunber of previous 15 mnute intervals for which valid data
was collected. The value will be 96 unless the I MA group table
entry was created within the last 24 hours, in which case the val ue
will be the nunber of conplete 15 minute intervals since the | MA
group table entry was created. In the case where the agent is a
proxy, it is possible that some intervals are unavailable. In this

case, this value is the maxi muminterval nunber for which valid
data is available. This attribute is only mandatory when the | MA
Link Interval Statistics and/or IMA Link Total Statistics objects
are inplenmented."

REFERENCE
"ATM Forum I MA v1.1, (O26) in Section 12.2.2.2 on page 77"

::= { imaLinkEntry 31 }

i maLi nkl nval i dl nterval s OBJECT- TYPE

SYNTAX I NTEGER (0. .96)
MAX- ACCESS read-only
STATUS current
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DESCRI PTI ON
"The nunber of intervals for which no valid data is avail abl e.
This attribute is only nmandatory when the | MA Link Interval
Statistics and/or IMA Link Total Statistics objects are
i mpl enent ed. "
REFERENCE
"ATM Forum I MA v1.1, (O-26) in Section 12.2.2.2
on page 77"
::= { imaLinkEntry 32 }

i maLi nkTi meEl apsed OBJECT- TYPE

SYNTAX I NTEGER (0. .899)
MAX- ACCESS read-only
STATUS current

DESCRI PTI ON

"The nunber of seconds that have el apsed since the beginning of
the current measurenment period. This attribute is only mandatory
when the IMA Link Current Statistics are inplenmented.”

REFERENCE
"ATM Forum I MA v1.1, (O-26) in Section 12.2.2.2
on page 77"

::= { imaLinkEntry 33 }

-- IMA Failure Al arns

-- Inplenmentation of the inmaFailureAlarm Trap is optional.

i maAl ar nBt at us OBJECT- TYPE
SYNTAX | maAl ar nSt at us
MAX- ACCESS accessible-for-notify
STATUS current
DESCRI PTI ON
"Status of the IMA alarm"”
o= { atnflmaM bQoj ects 5 }

i maAl ar nType OBJECT- TYPE
SYNTAX I maAl ar nType
MAX- ACCESS accessible-for-notify
STATUS current
DESCRI PTI ON
"The Type of I MA alarm declared or cleared. The val ue of
I maAl ar mType identifies the type of alarmaccording to the
definitions in the I MA specification.”
REFERENCE
"ATM Forum I MA v1.1, Section 12.2.3 on page 79"
o= { atnflmaM bQoj ects 6 }

i maFai | ur eAl ar m NOTI FI CATI ON- TYPE
OBJECTS {
i f1ndex,
i maAl ar nt at us,
i maAl ar nType }
STATUS current
DESCRI PTI ON
"The i maFail ureAl arm provides a nethod for an agent inplenmenting | MA
to notify an NVMB of an alarmcondition."
REFERENCE
"ATM Forum I MA v1.1, Section 12.2.3 on page 79"
o= { atnflmaM bTrapPrefix 1 }

-- The IMA Group Current Statistics subtree
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-- The IMA Group Current Statistics subtree consists of a single table:
-- the IMA Goup Current Table. This table contains various statistics
-- collected by each I MA group for the current 15 minute interval.

-- Inplenmentation of IMA Goup Current Table is optional.

i maG oupCurrent Tabl e OBJECT- TYPE

SYNTAX SEQUENCE OF | maG oupCurrentEntry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"The IMA Group Current table."
:={ atnflmaM bObj ects 7 }

i maG oupCurrent Entry OBJECT- TYPE
SYNTAX I maG oupCurrent Entry
MAX- ACCESS not - accessi bl e
STATUS current
DESCRI PTI ON
"An entry in the IMA Goup Current table."
1 NDEX { i maG oupl ndex }
::= { imGoupCurrent Table 1 }

I maG oupCurrentEntry ::= SEQUENCE {
i maG oupCurr ent Unavai | Secs Gauge32,
i maG oupCurr ent NeNunfai | ur es Gauge32,
i maQG oupCurr ent FeNunfai | ures Gauge32 }

i maGr oupCurr ent Unavai | Secs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of one second intervals where the IMA Goup Traffic
State Machine is Down in the current 15 minutes interval."

REFERENCE
"ATM Forum I MA v1.1, Section 10.2.1 on page 55, (R 136) and
(O-26) in Section 12.2.2.2 on page 77"

;= { imGoupCurrentEntry 1 }

i maG oupCur r ent NeNunfai | ures OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"The nunber of times a near-end group failure (Config-Aborted,
I nsuf ficient-Links) has been reported in the current 15
mnutes interval."

REFERENCE
"ATM Forum I MA v1.1, (R 137) and (O-26) in Section 12.2.2.2
on page 77"

;= { imGoupCurrentEntry 2 }

i maG oupCurr ent FeNunfai | ures OBJECT- TYPE
SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"The nunber of tines a far-end group failure (Config-Aborted- FE,
I nsuf ficient-Links-FE, Blocked-FE) has been reported in the

current 15 minutes interval. This is an optional attribute."
REFERENCE

"ATM Forum IMA v1.1, (O25) and (O26) in Section 12.2.2.2

on page 77"

ATM Forum Technical Committee

131



AF-PHY-0086.001 Inverse Multiplexing for ATM Specification Version 1.1

;= { imGoupCurrentEntry 3 }

The IMA Group Interval Statistics subtree

The I MA Group Interval Statistics subtree consists of a single table:
the IMA Goup Interval Table. This table contains various statistics
col l ected by each I MA group over the previous 24 hours of operation.
The past 24 hours are broken into 96 conpleted 15 mnute intervals.

I npl ementation of I|MA Goup Interval Table is optional.

i maG oupl nt erval Tabl e OBJECT- TYPE

SYNTAX SEQUENCE COF | maGroupl nterval Entry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"The IMA Group Interval table."
:={ atnflmaM bObj ects 8 }

i maG oupl nterval Entry OBJECT- TYPE

SYNTAX | maGroupl nterval Entry
MAX- ACCESS not - accessi bl e
STATUS current
DESCRI PTI ON
"An entry in the IMA Goup Interval table."
I NDEX { i maG oupl ndex, i maG oupl nterval Nunber }
;= { imGouplnterval Table 1 }

I maGroupl nterval Entry ::= SEQUENCE {

i maG oupl nt er val Nurber I NTEGER (1..96),
i maG oupl nt er val Unavai | Secs Gauge32,

i maG oupl nt er val NeNunfai | ur es Gauge32,

i maQG oupl nt er val FeNunfai | ures Gauge32 }

i maG oupl nt er val Nunber OBJECT- TYPE

SYNTAX | NTEGER (1..96)
MAX- ACCESS not - accessi bl e
STATUS current

DESCRI PTI ON

"A nunber between 1 and 96, where 1 is the nobst
recently conpleted 15 minute interval and 96 is the |east
recently conpleted 15 minutes interval (assum ng that all
96 intervals are valid)."

;= { imGouplnterval Entry 1 }

i maG oupl nt er val Unavai | Secs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of one second intervals where the IMA Goup Traffic
State Machine is Down in one of the previous 96, individual 15
m nute, intervals."

REFERENCE
"ATM Forum I MA v1.1, Section 10.2.1 on page 55, (R 136) and
(O26) in Section 12.2.2.2 on page 77"

;= { imGouplnterval Entry 2 }

i maG oupl nt er val NeNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
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"The nunber of times a near-end group failure (Config-Aborted,
I nsufficient-Links) has been reported in one of the previous
96, individual 15 minute, intervals."

REFERENCE
"ATM Forum I MA v1.1, (R 137) and (O-26) in Section 12.2.2.2
on page 77"

;= { imGouplnterval Entry 3 }

i maG oupl nt er val FeNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a far-end group failure (Config-Abort ed- FE,
I nsuf ficient-Links-FE, Bl ocked-FE) has been reported in one of
the previous 96, individual 15 mnute, intervals. This is an
optional attribute."

REFERENCE
"ATM Forum IMA v1.1, (O25) and (O26) in Section 12.2.2.2
on page 77"

;= { imGouplnterval Entry 4 }

-- The IMA Group Total Statistics subtree

-- The IMA Group Total Statistics subtree consists of a single table:

-- the IMA Goup Total Table. This table contains the cumulative sum
-- of the various statistics collected by each | MA group for the 24 hour

-- period preceding the current interval.

-- Inplenmentation of IMA Goup Total Table is optional.

i maG oupTot al Tabl e OBJECT- TYPE

SYNTAX SEQUENCE OF | maG oupTotal Entry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"The I MA Group Total table."
:={ atnflmaM bObj ects 9 }

i maG oupTot al Entry OBJECT- TYPE

SYNTAX | maG oupTot al Entry
MAX- ACCESS not - accessi bl e
STATUS current
DESCRI PTI ON
"An entry in the IMA Goup Total table.”
1 NDEX { i maG oupl ndex }
::= { imGoupTotal Table 1 }
I maG oupTotal Entry ::= SEQUENCE {
i maG oupTot al Unavai | Secs Gauge32,

i maG oupTot al NeNunfai | ur es Gauge32,
i maGr oupTot al FeNunfai | ur es Gauge32 }

i maG oupTot al Unavai | Secs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of one second intervals where the IMA Goup Traffic
State Machine is Down in the previous 24 hour interval.
Invalid 15 nminute intervals count as 0."

REFERENCE
"ATM Forum I MA v1.1, Section 10.2.1 on page 55, (R 136) and
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(O27) in Section 12.2.2.2 on page 77"
::= { imGoupTotal Entry 1 }

i maGr oupTot al NeNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of times a near-end group failure (Config-Aborted,
I nsufficient-Links) has been reported in the previous 24 hour

interval. Invalid 15 mnute intervals count as 0."
REFERENCE

"ATM Forum I MA v1.1, (R 137) and (O 27) in Section 12.2.2.2

on page 77"

::= { imGoupTotal Entry 2 }

i maGr oupTot al FeNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a far-end group failure (Config-Aborted- FE,
I nsuf ficient-Links-FE, Blocked-FE) has been reported in the

previous 24 hour interval. Invalid 15 mnute intervals count
as 0. This is an optional attribute."

REFERENCE
"ATM Forum IMA v1.1, (O25) and (O 27) in Section 12.2.2.2
on page 77"

::= { imGoupTotal Entry 3 }

-- The IMA Link Current Statistics subtree

-- The IMA Link Current Statistics subtree consists of a single table:
-- the IMA Link Current Table. This table contains various statistics
-- collected by each IMA link for the current 15 minute interval.

-- Inplenmentation of IMA Link Current Table is optional.

i maLi nkCur rent Tabl e OBJECT- TYPE

SYNTAX SEQUENCE COF | maLi nkCurrentEntry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"The IMA Link Current table."
::= { atnflmaM bbj ects 10 }

i maLi nkCurrent Entry OBJECT- TYPE
SYNTAX | maLi nkCurrent Entry
MAX- ACCESS not - accessi bl e
STATUS current
DESCRI PTI ON
"An entry in the IMA Link Current table."”
1 NDEX { iflndex }
;= { imaLinkCurrentTable 1 }

I maLi nkCurrentEntry ::= SEQUENCE {
i maLi nkCurrent| maVi ol ati ons Gauge32,
i maLi nkCurrent G f Anonal i es Gauge32,
i maLi nkCurrent NeSevErroredSecs Gauge32,
i maLi nkCurrent FeSevErroredSecs Gauge32,
i maLi nkCur r ent NeUnavai | Secs Gauge32,
i maLi nkCur r ent FeUnavai | Secs Gauge32,
i maLi nkCurrent NeTxUnusabl eSecs Gauge32,
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maLi nkCur r ent NeRxUnusabl eSecs Gauge32,
maLi nkCur r ent FeTxUnusabl eSecs Gauge32,
maLi nkCur r ent FeRxUnusabl eSecs Gauge32,
maLi nkCur r ent NeTxNunfai | ur es Gauge32,
maLi nkCur r ent NeRxNunfai | ur es Gauge32,
maLi nkCur r ent FeTxNunfai | ur es Gauge32,
maLi nkCur r ent FeRxNunfai | ur es Gauge32,
maLi nkCurrent TxSt uff s Gauge32,
maLi nkCurrent RxStuf fs Gauge32 }

i maLi nkCurrent | maVi ol ati ons OBJECT- TYPE
SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"I CP violations: count of errored, invalid or missing ICP cells,

except during SES-IMA or UAS-IMA conditions, in the current
15 nminute interval."

REFERENCE
"ATM Forum I MA v1.1, (R-125) and (O-26) in Section 12.2.2.2
on page 77"

;= { imaLinkQurrentEntry 1 }

i maLi nkCurrent G f Anonal i es OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of OF anomalies, except during SES-1MA or UAS-I VA

conditions, at the near-end in the current 15 mnute interval.
This is an optional attribute."”
REFERENCE
"ATM Forum IMA v1.1, (O20) and (O26) in Section 12.2.2.2
on page 77"
;= { imaLinkQurrentEntry 2 }

i maLi nkCur r ent NeSevEr r or edSecs OBJECT- TYPE
SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of one second intervals containing >= 30%of the ICP cells
counted as IV-1MAs, or one or nore |ink defects (e.g., LCS, OOF/ LOF,
Al'S, or LCD), LIF defects, or LODS defects, except during UAS-INA

condition, in the current 15 mnute interval."

REFERENCE
"ATM Forum I MA v1.1, (R-126) and (O-26) in Section 12.2.2.2
on page 77"

;= { imaLinkCQurrentEntry 3 }

i maLi nkCur r ent FeSevErr or edSecs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of one second intervals containing one or nore RD -1 MA
def ects, except during UAS-1MA-FE condition, in the current 15
mnute interval."

REFERENCE
"ATM Forum I MA v1.1, (R 127) and (O-26) in Section 12.2.2.2
on page 77"

;= { imaLinkCQurrentEntry 4 }

i maLi nkCur r ent NeUnavai | Secs OBJECT- TYPE
SYNTAX Gauge32
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MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of unavail able seconds at near-end in the current 15 mnute
interval: unavailability begins at the onset of 10 contiguous
SES-I MA and ends at the onset of 10 contiguous seconds with no
SES- I VA"

REFERENCE
"ATM Forum I MA v1.1, (R-128) and (O-26) in Section 12.2.2.2
on page 77"

;= { imaLinkCQurrentEntry 5 }

i maLi nkCurr ent FeUnavai | Secs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of unavailable seconds at far-end in the current 15 minute
interval: unavailability begins at the onset of 10 contiguous
SES-| MA- FE and ends at the onset of 10 conti guous seconds w th no
SES- | MA- FE. "

REFERENCE
"ATM Forum I MA v1.1, (R-129) and (O-26) in Section 12.2.2.2
on page 77"

;= { imaLinkCQurrentEntry 6 }

i maLi nkCur r ent NeTxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Tx Unusabl e seconds: count of Unusabl e seconds at the near-end
Tx LSMin the current 15 mnute interval."

REFERENCE
"ATM Forum I MA v1.1, (R-130) and (O-26) in Section 12.2.2.2
on page 77"

;= { imaLinkCQurrentEntry 7 }

i maLi nkCur r ent NeRxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Rx Unusabl e seconds: count of Unusable seconds at the near-end
Rx LSMin the current 15 minute interval."

REFERENCE
"ATM Forum I MA v1.1, (R-131) and (O-26) in Section 12.2.2.2
on page 77"

;= { imaLinkCQurrentEntry 8 }

i maLi nkCur r ent FeTxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Tx Unusabl e seconds at far-end: count of seconds with Tx Unusabl e
indications fromthe far-end Tx LSMin the current 15 mnute
interval ."

REFERENCE
"ATM Forum I MA v1.1, (R-132) and (O-26) in Section 12.2.2.2
on page 77"

;= { imaLinkCQurrentEntry 9 }

i maLi nkCur r ent FeRxUnusabl eSecs OBJECT- TYPE
SYNTAX Gauge32
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MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Rx Unusabl e seconds at far-end: count of seconds with Rx Unusabl e
indications fromthe far-end Rx LSMin the current 15 mnute
interval ."

REFERENCE
"ATM Forum I MA v1.1, (R 133) and (O-26) in Section 12.2.2.2
on page 77"

::= { imaLinkCurrentEntry 10 }

i maLi nkCur r ent NeTxNuntai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of times a near-end transmt failure alarmcondition
has been entered on this link (i.e., some formof inplenentation
specific transmt fault) in the current 15 mnute interval."
REFERENCE
"ATM Forum I MA v1.1, (R-134) and (O-26) in Section 12.2.2.2
on page 77"
::= { imaLinkCurrentEntry 11 }

i maLi nkCur r ent NeRxNuntai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a near-end receive failure alarmcondition
has been entered on this link (i.e., LIF, LODS, RFI-IMA M s-Connected,
or some formof inplenmentation specific receive fault)
in the current 15 minute interval."
REFERENCE
"ATM Forum I MA v1.1, (R-135) and (O-26) in Section 12.2.2.2
on page 77"
::= { imaLinkCurrentEntry 12 }

i maLi nkCur r ent FeTxNuntai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a far-end transmt failure alarmcondition
has been entered on this link (i.e., Tx-Unusable-FE) in the

current 15 minute interval. This is an optional attribute."”
REFERENCE

"ATM Forum IMA v1.1, (O21) and (O26) in Section 12.2.2.2

on page 77"

::= { imaLinkCurrentEntry 13 }

i maLi nkCur r ent FeRxNuntai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a far-end receive failure alarmcondition
has been entered on this link (i.e., Rx-Unusable-FE) in the

current 15 minute interval. This is an optional attribute."”
REFERENCE

"ATM Forum IMA v1.1, (O22) and (O26) in Section 12.2.2.2

on page 77"

::= { imaLinkCurrentEntry 14 }

i maLi nkCurrent TxSt uf fs OBIECT- TYPE
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SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of stuff events inserted in the transmt direction in

the current 15 nminute interval. This is an optional attribute."
REFERENCE

"ATM Forum IMA v1.1, (O23) and (O26) in Section 12.2.2.2

on page 77"

::= { imaLinkCurrentEntry 15 }

i maLi nkCurrent RxSt uf fs OBJECT- TYPE

SYNTAX
MAX- ACCESS
STATUS
DESCRI PTI ON
"Count of stuff events detected in the receive direction in
the current 15 nminute interval. This is an optional attribute."
REFERENCE
"ATM Forum | MA v1.1,
on page 77"
::= { imaLinkCurrentEntry 16 }

Gauge32
read-only
current

(O24) and (O 26) in Section 12.2.2.2

The IMA Link Interval Statistics subtree

The I MA Link Interval Statistics subtree consists of a single table:
the IMA Link Interval Table. This table contains various statistics
col l ected by each IMA link over the previous 24 hours of operation.
The past 24 hours are broken into 96 conpleted 15 mnute intervals.

I MA Link Interval

| npl ement ati on of Table is optional.

i maLi nkl nt er val Tabl e OBJECT- TYPE

SYNTAX SEQUENCE OF | naLinklnterval Entry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"The IMA Link Interval table."
o= { atnflmaM bbj ects 11 }

i maLi nkl nt erval Entry OBJECT- TYPE

I maLi nkl nterval Entry ::

Inverse Multiplexing for ATM Specification Version 1.1

SYNTAX I maLi nkl nterval Entry
MAX- ACCESS not - accessi bl e
STATUS current

DESCRI PTI ON

"An entry in the IMA Link Interval

I NDEX i maLi nkl nt er val Nunber }

{ iflndex,

::= { imaLinklnterval Table 1 }

mali
mali
malLi
malLi
malLi
mali
mali
malLi
malLi
malLi
malLi
mali
mali

= SEQUENCE ({
nkl nt er val Nunber

nkl nt erval | maVi ol ati ons

nkl nterval O f Anonal i es

nkl nt er val NeSevEr r or edSecs
nkl nt er val FeSevEr r or edSecs
nkl nt er val NeUnavai | Secs
nkl nt er val FeUnavai | Secs

nkl nt er val NeTxUnusabl eSecs
nkl nt er val NeRxUnusabl eSecs
nkl nt er val FeTxUnusabl eSecs
nkl nt er val FeRxUnusabl eSecs
nkl nt er val NeTxNunfai | ur es
nkl nt er val NeRxNunfai | ur es

table."

I NTEGER (1..96),
Gauge32,
Gauge32,
Gauge32,
Gauge32,
Gauge32,
Gauge32,
Gauge32,
Gauge32,
Gauge32,
Gauge32,
Gauge32,
Gauge32,
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i maLi nkl nt er val FeTxNuntai | ures Gauge32,
i maLi nkl nt er val FeRxNuntai | ur es Gauge32,

i maLi nkl nt erval TxStuffs Gauge32,

i maLi nkl nterval RxStuffs Gauge32 }
i maLi nkl nt er val Nunber OBJECT- TYPE

SYNTAX | NTEGER (1..96)

MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"A nunber between 1 and 96, where 1 is the nobst
recently conpleted 15 minute interval and 96 is the |east
recently conpleted 15 minutes interval (assumng that all
96 intervals are valid)."

::= { imaLinklnterval Entry 1 }

i maLi nkl nterval | maVi ol ati ons OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"I CP violations: count of errored, invalid or missing ICP cells,

except during SES-IMA or UAS-IMA conditions, in one of the
previous 96, individual 15 mnute, intervals."

REFERENCE
"ATM Forum I MA v1.1, (R-125) and (O-26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 2 }

i maLi nkl nt erval G f Anonal i es OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of O F anomalies, except during SES-1MA or UAS-I VA
conditions, at the near-end in one of the previous 96, individual

15 minute, intervals. This is an optional attribute."
REFERENCE
"ATM Forum IMA v1.1, (O-20) and (O26) in Section 12.2.2.2
on page 77"
::= { imaLinklnterval Entry 3 }

i maLi nkl nt er val NeSevErr oredSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of one second intervals containing >= 30%of the ICP cells
counted as IV-1MAs, or one or nore |ink defects (e.g., LCS, OOF/ LOF,
Al'S, or LCD), LIF defects, or LODS defects, except during UAS-INA

condition, in one of the previous 96, individual 15 minute,
intervals."

REFERENCE
"ATM Forum I MA v1.1, (R-126) and (O-26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 4 }

i maLi nkl nt er val FeSevErroredSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of one second intervals containing one or nore RDl -1 MA

def ects, except during UAS-1MA-FE condition, in one of the previous

96, individual 15 minute, intervals."
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REFERENCE
"ATM Forum I MA v1.1, (R 127) and (O-26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 5 }

i maLi nkl nt er val NeUnavai | Secs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of unavail abl e seconds at near-end in one of the previous
96, individual 15 minute, intervals: unavailability begins at the
onset of 10 contiguous SES-1MA and ends at the onset of 10
conti guous seconds with no SES-IMA "

REFERENCE
"ATM Forum I MA v1.1, (R-128) and (O-26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 6 }

i maLi nkl nt er val FeUnavai | Secs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of unavail abl e seconds at far-end in one of the previous
96, individual 15 minute, intervals: unavailability begins at the
onset of 10 contiguous SES-1MA-FE and ends at the onset of 10
conti guous seconds with no SES-I MA-FE. "

REFERENCE
"ATM Forum I MA v1.1, (R-129) and (O-26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 7 }

i maLi nkl nt er val NeTxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Tx Unusabl e seconds: count of Unusable seconds at the near-end

Tx LSMin one of the previous 96, individual 15 mnute, intervals."
REFERENCE

"ATM Forum I MA v1.1, (R-130) and (O-26) in Section 12.2.2.2

on page 77"
::= { imaLinklnterval Entry 8 }

i maLi nkl nt er val NeRxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Rx Unusabl e seconds: count of Unusable seconds at the near-end

Rx LSMin one of the previous 96, individual 15 minute, intervals."”
REFERENCE

"ATM Forum I MA v1.1, (R-131) and (O-26) in Section 12.2.2.2

on page 77"
::= { imaLinklnterval Entry 9 }

i maLi nkl nt er val FeTxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Tx Unusabl e seconds at far-end: count of seconds with Tx Unusabl e
indications fromthe far-end Tx LSMin one of the previous 96,
i ndi vidual 15 mnute, intervals."
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REFERENCE

"ATM Forum I MA v1.1, (R 132) and (O-26) in Section 12.2.2.2
on page 77"
::= { inmaLinklnterval Entry 10 }

i maLi nkl nt er val FeRxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Rx Unusabl e seconds at far-end: count of seconds with Rx Unusabl e
indications fromthe far-end Rx LSMin one of the previous 96,
i ndi vidual 15 mnute, intervals."
REFERENCE
"ATM Forum I MA v1.1, (R-133) and (O-26) in Section 12.2.2.2
on page 77"
::= { imaLinklnterval Entry 11 }

i maLi nkl nt er val NeTxNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunmber of times a near-end transmt failure alarmcondition
has been entered on this link (i.e., some formof inplenentation
specific transmt fault) in one of the previous 96, individual
15 mnute, intervals."

REFERENCE
"ATM Forum I MA v1.1, (R-134) and (O-26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 12 }

i maLi nkl nt er val NeRxNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a near-end receive failure alarmcondition
has been entered on this link (i.e., LIF, LODS, RFI-IMA
M s- Connected, or sonme form of inplenentation specific

receive fault) in one of the previous 96, individual 15 m nute,
intervals."

REFERENCE
"ATM Forum I MA v1.1, (R-135) and (O-26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 13 }

i maLi nkl nt er val FeTxNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a far-end transmt failure alarmcondition
has been entered on this link (i.e., Tx-Unusable-FE) in one of the
previous 96, individual 15 mnute, intervals. This is an optional
attribute.”

REFERENCE
"ATM Forum IMA v1.1, (O21) and (O26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 14 }

i maLi nkl nt er val FeRxNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
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DESCRI PTI ON
"The nunber of tines a far-end receive failure alarmcondition
has been entered on this link (i.e., Rx-Unusable-FE) in one of
the previous 96, individual 15 mnute, intervals. This is an
optional attribute."”

REFERENCE
"ATM Forum IMA v1.1, (O22) and (O26) in Section 12.2.2.2
on page 77"

::= { inmaLinklnterval Entry 15 }

i maLi nkl nt erval TxSt uf fs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of stuff events inserted in the transmt direction in
one of the previous 96, individual 15 mnute, intervals. This
is an optional attribute."

REFERENCE
"ATM Forum IMA v1.1, (O23) and (O26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 16 }

i maLi nkl nt erval RxSt uf fs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of stuff events detected in the receive direction in
one of the previous 96, individual 15 mnute, intervals. This
is an optional attribute."

REFERENCE
"ATM Forum IMA v1.1, (O-24) and (O26) in Section 12.2.2.2
on page 77"

::= { imaLinklnterval Entry 17 }

-- The I MA Link Total Statistics subtree

-- The I MA Link Total Statistics subtree consists of a single table:

-- the IMA Link Total Table. This table contains the cumulative sum
-- of the various statistics collected by each IMA link for the 24 hour

-- period preceding the current interval.

-- Inplenmentation of IMA Link Total Table is optional.

i maLi nkTot al Tabl e OBJECT- TYPE

SYNTAX SEQUENCE OF | maLi nkTotal Entry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"The I MA Link Total table."
2= { atnflmaM bbj ects 12 }

i maLi nkTot al Entry OBJECT- TYPE

SYNTAX | maLi nkTot al Entry
MAX- ACCESS not -accessi bl e
STATUS current
DESCRI PTI ON
"An entry in the IMA Link Total table."
1 NDEX { iflndex }

::= { inmaLinkTotal Table 1 }

I maLi nkTotal Entry ::= SEQUENCE {
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maLi nkTot al | maVi ol ati ons Gauge32,
maLi nkTot al G f Anonal i es Gauge32,
maLi nkTot al NeSevErroredSecs Gauge32,
maLi nkTot al FeSevErroredSecs Gauge32,
maLi nkTot al NeUnavai | Secs Gauge32,
maLi nkTot al FeUnavai | Secs Gauge32,
maLi nkTot al NeTxUnusabl eSecs Gauge32,
maLi nkTot al NeRxUnusabl eSecs Gauge32,
maLi nkTot al FeTxUnusabl eSecs Gauge32,
maLi nkTot al FeRxUnusabl eSecs Gauge32,
maLi nkTot al NeTxNunfai | ur es Gauge32,
maLi nkTot al NeRxNunfai | ur es Gauge32,
maLi nkTot al FeTxNunfai | ur es Gauge32,
maLi nkTot al FeRxNunfai | ur es Gauge32,

maLi nkTot al TxSt uf fs Gauge32,
maLi nkTot al RxSt uff s Gauge32 }
i maLi nkTot al | maVi ol ati ons OBJECT- TYPE
SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"I CP violations: count of errored, invalid or missing ICP cells,
except during SES-IMA or UAS-IMA conditions, in the previous 24

hour interval. Invalid 15 mnute intervals count as 0."
REFERENCE

"ATM Forum I MA v1.1, (R-125) and (O-27) in Section 12.2.2.2

on page 77"

::= { inmaLinkTotal Entry 1 }

i maLi nkTot al O f Anonal i es OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of O F anomalies, except during SES-1MA or UAS-I VA

conditions, at the near-end in the previous 24 hour interval.
Invalid 15 mnute intervals count as 0. This is an optional
attribute.”

REFERENCE
"ATM Forum I MA v1.1, (O-20) and (O 27) in Section 12.2.2.2
on page 77"

::= { inmaLinkTotal Entry 2 }

i maLi nkTot al NeSevEr r or edSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of one second intervals containing >= 30%of the ICP cells
counted as IV-1MAs, or one or nore |ink defects (e.g., LCS, OOF/ LOF,
Al'S, or LCD), LIF defects, or LODS defects, except during UAS-INA

condition, in the previous 24 hour interval. Invalid 15 mnute
intervals count as 0."
REFERENCE
"ATM Forum I MA v1.1, (R-126) and (O 27) in Section 12.2.2.2
on page 77"

::= { inmaLinkTotal Entry 3 }

i maLi nkTot al FeSevEr r or edSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of one second intervals containing one or nore RD -1 MA
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defects, except during UAS-1MA-FE condition, in the previous 24

hour interval. Invalid 15 mnute intervals count as 0."
REFERENCE

"ATM Forum I MA v1.1, (R 127) and (O 27) in Section 12.2.2.2

on page 77"

::={ imalLinkTotal Entry 4 }

i maLi nkTot al NeUnavai | Secs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of unavail abl e seconds at near-end in the previous 24 hour
interval: unavailability begins at the onset of 10 contiguous
SES-I MA and ends at the onset of 10 contiguous seconds with no

SES-IMA. Invalid 15 mnute intervals count as 0."
REFERENCE

"ATM Forum I MA v1.1, (R-128) and (O 27) in Section 12.2.2.2

on page 77"

::= { inmaLinkTotal Entry 5 }

i maLi nkTot al FeUnavai | Secs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Count of unavail abl e seconds at far-end in the previous 24 hour
interval: unavailability begins at the onset of 10 contiguous
SES-| MA- FE and ends at the onset of 10 contiguous seconds w th no
SES-IMA-FE. Invalid 15 minute intervals count as 0."

REFERENCE
"ATM Forum I MA v1.1, (R-129) and (O 27) in Section 12.2.2.2
on page 77"

::= { inmaLinkTotal Entry 6 }

i maLi nkTot al NeTxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Tx Unusabl e seconds: count of Unusable seconds at the near-end
Tx LSMin the previous 24 hour interval. Invalid 15 mnute
intervals count as 0."

REFERENCE
"ATM Forum I MA v1.1, (R-130) and (O 27) in Section 12.2.2.2
on page 77"

::= { inmaLinkTotal Entry 7 }

i maLi nkTot al NeRxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Rx Unusabl e seconds: count of Unusable seconds at the near-end
Rx LSMin the previous 24 hour interval. Invalid 15 mnute
intervals count as 0."

REFERENCE
"ATM Forum I MA v1.1, (R 131) and (O27) in Section 12.2.2.2
on page 77"

::= { inmaLinkTotal Entry 8 }

i maLi nkTot al FeTxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
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DESCRI PTI ON

"Tx Unusabl e seconds at far-end: count of seconds with Tx Unusabl e
indications fromthe far-end Tx LSMin the previ ous 24 hour

interval. Invalid 15 mnute intervals count as 0."
REFERENCE

"ATM Forum I MA v1.1, (R 132) and (O-27) in Section 12.2.2.2

on page 77"

::= { inmaLinkTotal Entry 9 }

i maLi nkTot al FeRxUnusabl eSecs OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"Rx Unusabl e seconds at far-end: count of seconds with Rx Unusabl e
indications fromthe far-end R« LSMin the previ ous 24 hour

interval. Invalid 15 mnute intervals count as 0."
REFERENCE

"ATM Forum I MA v1.1, (R-133) and (O27) in Section 12.2.2.2

on page 77"

::= { inmaLinkTotal Entry 10 }

i maLi nkTot al NeTxNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a near-end transmt failure alarmcondition
has been entered on this link (i.e., some formof inplenentation
specific transmt fault) in the previous 24 hour interval.
Invalid 15 mnute intervals count as 0."

REFERENCE
"ATM Forum I MA v1.1, (R-134) and (O27) in Section 12.2.2.2
on page 77"

::= { imaLinkTotal Entry 11 }

i maLi nkTot al NeRxNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a near-end receive failure alarmcondition
has been entered on this link (i.e., LIF, LODS, RFI-IMA
M s- Connected, or sone formof inplenmentation specific receive fault)

in the previous 24 hour interval. Invalid 15 minute intervals
count as 0."

REFERENCE
"ATM Forum I MA v1.1, (R-135) and (O-27) in Section 12.2.2.2
on page 77"

::= { imaLinkTotal Entry 12 }

i maLi nkTot al FeTxNunfai | ures OBJECT- TYPE

SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"The nunber of tines a far-end transmt failure alarmcondition
has been entered on this link (i.e., Tx-Unusable-FE) in the

previous 24 hour interval. Invalid 15 mnute intervals count
as 0. This is an optional attribute."

REFERENCE
"ATM Forum IMA v1.1, (O21) and (O 27) in Section 12.2.2.2
on page 77"

::= { inmaLinkTotal Entry 13 }
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i maLi nkTot al FeRxNunfai | ures OBJECT- TYPE
SYNTAX Gauge32
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON
"The nunber of tines a far-end receive failure alarmcondition
has been entered on this link (i.e., Rx-Unusable-FE) in the

previous 24 hour interval. Invalid 15 mnute intervals count
as 0. This is an optional attribute."

REFERENCE
"ATM Forum IMA v1.1, (O22) and (O 27) in Section 12.2.2.2
on page 77"

::= { imaLinkTotal Entry 14 }

i maLi nkTot al TxSt uf fs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of stuff events inserted in the transmt direction in
the previous 24 hour interval. Invalid 15 minute intervals
count as 0. This is an optional attribute."

REFERENCE
"ATM Forum IMA v1.1, (O23) and (O 27) in Section 12.2.2.2
on page 77"

::= { inmaLinkTotal Entry 15 }

i maLi nkTot al RxSt uf fs OBJECT- TYPE

SYNTAX Gauge32

MAX- ACCESS read-only

STATUS current

DESCRI PTI ON
"Count of stuff events detected in the receive direction in
the previous 24 hour interval. Invalid 15 minute intervals
count as 0. This is an optional attribute."

REFERENCE
"ATM Forum IMA v1.1, (O24) and (O 27) in Section 12.2.2.2
on page 77"

::= { imaLinkTotal Entry 16 }

-- Confornmance I nformation

atnf | maM bGr oups OBJECT IDENTIFIER ::= { atnflnmaM bConfornmance 1 }
at nf | maM bConpl i ances OBJECT | DENTI FIER ::= { atnflmaM bConf ormance 2 }

-- Conpliance Statenents

at nf | mraM bConpl i ance MODULE- COVPLI ANCE
STATUS current
DESCRI PTI ON
"The conpliance statenment for network el ements inplenenting
ATM Forum I nverse Miltiplexing for ATM (I MA) interfaces."
MODULE -- this nodul e

-- Mandatory Part

MANDATORY- GROUPS {
i maG oupG oup,
i maLi nkGr oup,
i maG oupMappi ngTabl eG oup,
i maAl ar n>r oup,
i maNotificationsGoup }

GROUP i maTest Pat t er nGr oup
DESCRI PTI ON
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"This group is mandatory only for inplenentations that support
the Test Pattern Procedure.”

GROUP i maG oupl nt er val Group

DESCRI PTI ON
"This group is mandatory only for inplenmentations that support
interval statistics."”

GROUP i maLi nkl nt erval Group

DESCRI PTI ON
"This group is mandatory only for inplenmentations that support
interval statistics."”

-- Conpliance Part

OBJECT i maG oupSymmetry
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required.

OBJECT i maG oupM nNunmirxLi nks
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required.

OBJECT i maG oupM nNunmRxLi nks
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required.

OBJECT i maG oupTxI nald
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required.

OBJECT i maG oupTxFrameLengt h
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required.

OBJECT i maG oupDi f f Del ayMax
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required.

OBJECT i maG oupAl phaVal ue
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required.

OBJECT i maG oupBet aVal ue
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required.

OBJECT i maG oupGanmaVal ue
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required.

OBJECT i maG oupFeNunfai | ures
M N- ACCESS not - accessi bl e
DESCRI PTI ON
"This is an optional attribute."
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OBJECT i maG oupTest Li nkl f I ndex
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required."

OBJECT i maG oupTest Pattern
M N- ACCESS r ead-only
DESCRI PTI ON
"Wite access is not required."

OBJECT i maLi nkQ f Anomal i es
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."
OBJECT i maLi nkFeTxNunfai | ur es
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."
OBJECT i maLi nkFeRxNunfai | ur es
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."
OBJECT i maLi nkTxStuffs
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."
OBJECT i maLi nkRxSt uffs
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."
OBJECT i maG oupCurrent FeNunfai | ures
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."

OBJECT i maG oupl nt er val FeNunfai | ur es
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."

OBJECT i maG oupTot al FeNuntai | ures
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."

OBJECT i maLi nkCurrent G f Anonal i es
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."

OBJECT i maLi nkCurrent FeTxNunfai | ur es
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."

OBJECT i maLi nkCurrent FeRxNunfai | ur es
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute."
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OBJECT i maLi nkCurrent TxStuffs
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i maLi nkCurrent RxStuffs
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i naLi nkl nterval G f Anonal i es

M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i maLi nkl nt er val FeTxNuntai | ures

M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i maLi nkl nt er val FeRxNunfai |

M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i naLi nkl nterval TxStuffs
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i naLi nkl nterval RxStuffs
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i naLi nkTot al G f Anomral i es
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

ures

OBJECT i naLi nkTot al FeTxNunfai | ur es

M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i naLi nkTot al FeRxNunfai | ur es

M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i maLi nkTot al TxStuffs
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

OBJECT i maLi nkTot al RxSt uffs
M N- ACCESS not - accessi bl e
DESCRI PTI ON

"This is an optional attribute.

::= { atnflmaM bConpliances 1 }
-- Units of Conformance

i maG oupG oup OBJECT- GROUP
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OBJECTS {

i maGr oupNunber ,

maG oupRowsSt at us,

maG oupl f I ndex,

maG oupNeSt at e,

maG oupFeSt at e,

maG oupFai | ureSt at us,
maG oupSynmmet ry,

maG oupM nNunTxLi nks,
maG oupM nNunRxLi nks,
maG oupNeTxd kMbde,
maG oupFeTxd kMbde,
maG oupTxTi m ngRef Li nk,
maG oupRxTi m ngRef Li nk,
maG ouplLast Change,

maG oupTx| mal d,

maG oupRxI nal d,

maG oupTxFr anelLengt h,
maG oupRxFr anelLengt h,
maG oupDi f f Del ayMax,
maG ouplLeast Del ayLi nk,
maG oupDi f f Del ayMaxCbs,
maG oupAl phaVval ue,

maG oupBet aVal ue,

maG oupGanmaVal ue,

maG oupRunni ngSecs,
maG oupUnavai | Secs,
maG oupNeNunfai | ur es,
maG oupFeNunfai | ur es,
maG oupTxAvai | Cel | Rat e,
maG oupRxAvai | Cel | Rat e,
maG oupNunmirxCf gLi nks,
maG oupNunRxCf gLi nks,
maG oupNunirxAct Li nks,
maG oupNunRxAct Li nks,
maG oupTxCanlLabel Val ue,

ma Q& oupRxCanlabel Val ue }

STATUS
DESCRI PTI ON
"A set of objects providing configuration and status information for

an | MA group definition."

current

;= { atnflmaM bG oups 1 }

i maLi nkGroup OBJECT- GROUP
OBJECTS {

mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali
mali

nkRowSt at us,

nkG oupl ndex,
nkNeTxSt at e,
nkNeRxSt at e,
nkFeTxSt at e,
nkFeRxSt at e,
nkNeRxFai | ur eSt at us,
nkFeRxFai | ur eSt at us,
nkTxLi d,

nkRxLi d,

nkRel Del ay,

nkl maVi ol ati ons,
nkQG f Anonal i es,
nkNeSevErr or edSecs,
nkFeSevErr or edSecs,
nkNeUnavai | Secs,
nkFeUnavai | Secs,
nkNeTxUnusabl eSecs,
nkNeRxUnusabl eSecs,
nkFeTxUnusabl eSecs,
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maLi nkFeRxUnusabl eSecs,
maLi nkNeTxNunfai | ur es,
maLi nkNeRxNunfai | ur es,
maLi nkFeTxNunfai | ur es,
maLi nkFeRxNunfai | ur es,
maLi nkTxSt uf f s,
maLi nkRxSt uffs }
STATUS current
DESCRI PTI ON

"A set of objects providing status information for an I MA |ink."
;= { atnflmaM bG oups 2 }

i maG oupMappi ngTabl eG oup OBJECT- GROUP

OBJECTS {
i maQG oupMappi ngl ndex }

STATUS current

DESCRI PTI ON
"A table mapping the "iflndex' values of 'imaG ouplflndex'
to the 'imaG oupl ndex' val ues of the correspondi ng
I MA group.”

;= { atnflmaM bG oups 3 }

i maTest Patt er nG oup OBJECT- GROUP
OBJECTS {
i maG oupTest Li nkl f | ndex,
i maGr oupTest Pattern,
i maG oupTest ProcSt at us,
i maLi nkRxTest Pat t er n,
i maLi nkTest ProcSt atus }
STATUS current
DESCRI PTI ON
"hjects in the i maG oupTabl e and i maLi nkTabl e whi ch control and
report on the Test Pattern Procedure. These objects nust be
inmplenented if the IMA Test Pattern Procedure is supported.”
;= { atnflmaM bG oups 4 }

i maAl ar nGr oup OBJECT- GROUP
OBJECTS {
i maAl ar nt at us,
i maAl ar nType }
STATUS current
DESCRI PTI ON
"ojects used in the imaFailureAlarmnotification."
;= { atnflmaM bG oups 5 }

i maG oupl nt erval G oup OBJECT- GROUP
OBJECTS {

i maG oupVal i dl nterval s,
maG oupl nval i dl nterval s,
maG oupTi neEl apsed,
maG oupCur r ent Unavai | Secs,
maG oupCur r ent NeNunfai | ur es,
maG oupCur r ent FeNunfai | ur es,
maG oupl nt er val Unavai | Secs,
maG oupl nt er val NeNunfai | ur es,
maG oupl nt er val FeNunfai | ur es,
maG oupTot al Unavai | Secs,
maG oupTot al NeNunfai | ur es,
ma QG oupTot al FeNunfai | ures }
STATUS current
DESCRI PTI ON

"oj ects containing interval statistics for an I MA group.”
;= { atnflmaM bG oups 6 }

i maLi nkl nt er val G oup OBJECT- GROUP
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OBJECTS {
i maLi nkVal i dl nterval s,
maLi nkl nval i dl nt erval s,
maLi nkTi meEl apsed,
maLi nkCurrent | maVi ol ati ons,
maLi nkCurrent O f Anomal i es,
maLi nkCur r ent NeSevEr r or edSecs,
maLi nkCur r ent FeSevEr r or edSecs,
maLi nkCur r ent NeUnavai | Secs,
maLi nkCur r ent FeUnavai | Secs,
maLi nkCur r ent NeTxUnusabl eSecs,
maLi nkCur r ent NeRxUnusabl eSecs,
maLi nkCur r ent FeTxUnusabl eSecs,
maLi nkCur r ent FeRxUnusabl eSecs,
maLi nkCur r ent NeTxNunfai | ur es,
maLi nkCur r ent NeRxNunfai | ur es,
maLi nkCur r ent FeTxNunfai | ur es,
maLi nkCur r ent FeRxNunfai | ur es,
maLi nkCurrent TxSt uf f s,
maLi nkCurrent RxSt uf f s,
maLi nkl nt er val | maVi ol ati ons,
maLi nkl nt erval G f Anonal i es,
maLi nkl nt er val NeSevEr r or edSecs,
maLi nkl nt er val FeSevEr r or edSecs,
maLi nkl nt er val NeUnavai | Secs,
maLi nkl nt er val FeUnavai | Secs,
maLi nkl nt er val NeTxUnusabl eSecs,
maLi nkl nt er val NeRxUnusabl eSecs,
maLi nkl nt er val FeTxUnusabl eSecs,
maLi nkl nt er val FeRxUnusabl eSecs,
maLi nkl nt er val NeTxNunfai | ur es,
maLi nkl nt er val NeRxNunfai | ur es,
maLi nkl nt er val FeTxNunfai | ur es,
maLi nkl nt er val FeRxNunfai | ur es,
maLi nkl nt er val TxSt uf f s,
maLi nkl nt er val RxSt uf f s,
maLi nkTot al | maVi ol ati ons,
maLi nkTot al O f Anonal i es,
maLi nkTot al NeSevEr r or edSecs,
maLi nkTot al FeSevEr r or edSecs,
maLi nkTot al NeUnavai | Secs,
maLi nkTot al FeUnavai | Secs,
maLi nkTot al NeTxUnusabl eSecs,
maLi nkTot al NeRxUnusabl eSecs,
maLi nkTot al FeTxUnusabl eSecs,
maLi nkTot al FeRxUnusabl eSecs,
maLi nkTot al NeTxNunfai | ur es,
maLi nkTot al NeRxNunfai | ur es,
maLi nkTot al FeTxNunfai | ur es,
maLi nkTot al FeRxNunfai | ur es,
maLi nkTot al TxSt uf f s,
maLi nkTot al RxSt uffs }
STATUS current
DESCRI PTI ON

"oj ects containing interval statistics for an IMA |ink."
;= { atnflmaM bG oups 7 }

i maNot i fi cati onsG oup NOTI FI CATI ON- GROUP
NOTI FI CATI ONS {
i maFai | ureAl arm}
STATUS current
DESCRI PTI ON
"Notifications that must be inplenented for | MA groups and |inks."
;= { atnflmaM bG oups 8 }
END
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Appendix B Example of Link Delay Synchronization
This section describes an example on how link delay synchronization may be achieved.

The delay compensation at the receive end may be done using the IMA framing number and ICP cell offset
contained in the incoming ICP cells.

Figure 27 on page 153 shows an IMA group with three links called Link O, Link 1 and Link 2. The link
multiplexing order is 0-> 1-> 2-> 0, etc. The ICP cells have been identified according to the LID of the link
on which they are sent. The cells other than the ICP cells have been numbered in the order they are sent
over thevirtua link.

Transmit End Receive End
5 |Cp0 7 5 icro 1
| | IMA Link 0
ICP1 6 3 {ICP1
=< IMA Link 1
ICP2 4 2 9 ICP2 4 2
=< IMA Link 2
t=T4 t=T3 t=T2 t=T1
=] icp cell
Time
<

Figure 27 Link Delay Compensation Example

The transmit end has staggered the ICP cells giving them ICP Cell Offset of 1, 0 and 2 for links 0, 1 and 2
respectively. Again, these values are used for illustration purposes only. It is recommended that 1CP cell
position from link-to-link be spaced out as evenly as possible in an IMA frame. At the receive end, link O
and link 2 have the same amount of propagation delay but link 1 has a delay one cell time longer than link
0 or link 2. At the receive end, each link has its own circular buffer which should be deep enough to
tolerate the maximum link delay variation.

Figure 28 on page 154 through Figure 31 on page 156 show an example of the processing of the incoming
cells at the receive end. One Delay Compensation Buffer (DCB) is defined per link. The shaded portions of
DCBs on Figure 28 through Figure 31 represent unfilled portions of the buffer allocated for each link. Each
section of the buffer represents a single cell buffer. The unshaded portion represents portions filled with
cells.

Figure 28 on page 154 through Figure 31 on page 156 also shows the contents of the three Delay
Compensation Buffers (DCB) on the receive end at timet = T1, T2, T3 and T6. The write pointer of each
link shows the next location where a cell would be put when received from that link. At time TO, no ICP
cells have been received yet on any links so no cells are written to the buffers. Whenever a cell is written
into a buffer, the write pointer is incremented. A read (playback) pointer increments as cells are read out of
the buffer. Both pointers wrap around when they reach the end of the buffer. Until the first ICP cell is
received, no cell iswritten into the buffer. When the first ICP cell is received, the write pointer is initialized
to the value of the IMA frame number plus ICP cell offset contained in that ICP cell. Every cell received
after that 1CP cell iswritten into the buffer.
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All of the delay compensation is done with the adjustment of the write pointers. The read pointers are
always aligned and the cells are read out of the buffers in the assigned link multiplexing order. The
differential delay between any two links can be simply calculated using the difference between the write
pointer values for those two links. Extending this idea to the entire set of links, the maximum differential
delay for the link group is simply the difference between the minimum and maximum write pointer values
for that group. If we assume the use of DS1 links and given a maximum alowable delay delta of 25
milliseconds, the maximum difference acceptable between the write pointers will be 91 cells. The accuracy
of this technique is + 1 cell time (e.g., 276 microseconds at DS1 rate) which is satisfactory for this
application.

The process of reading from the buffer is controlled by the IMA cell clock. In round-robin order and at the
IMA clock tick, acell is removed from the DCB (the pointer is advanced). If the cell isan ICP cell, the next
link in order is immediately selected (and so on until a cell is found that is not an ICP cdll). If the cell isa
Filler cell, it is discarded and nothing is passed to the ATM layer. It the cell is not a Filler cell, it is passed
tothe ATM layer.

Write Ptr O Write Ptr 1 Write Ptr 2

DCB Link 0 DCB Link 1 DCB Link 2

Figure 28 Snapshot of Buffers at T1
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Write Ptr O Write Ptr 1 Write Ptr 2
DCB Link 0 DCB Link 1 DCB Link 2
ICPO 4
1 ICP1 2
Figure 29 Snapshot of Buffers at T2
Write Ptr O Write Ptr 1 Write Ptr 2
DCB Link 0 DCB Link 1 DCB Link 2
5 ICP2
ICPO 3 4
1 ICP1 2

Figure 30 Snapshot of Buffers at T3
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Write Ptr 0 Write Ptr 1 Write Ptr 2
DCB Link 0 DCB Link 1 DCB Link 2

13 15
10 11 12
7 8 9
5 6 ICP2

ICPO 3 4
1 ICP1 2

Figure 31 Snapshot of Buffers at T6
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Appendix C Implementation Consideration

This section may be used as guidelines for IMA implementers.

C.1 Dynamic Changes in ATM Layer Cell Rate

This section provides some guidelines on handling dynamic changes of IMA data cell rate (IDCR). The
ATM Layer needs to react to dynamic changes in the IDCR, particularly to decreases in the cell rate since
decreases in the cell rate are problematic. Connections at the previous (larger) cell rate reserved some
quantity of bandwidth (cell rate). If the interface cell rate drops (due to actions within the IMA unit), then
the aggregate reserved cell rate of the connections may exceed the interface cell rate and result in higher
Cell Loss Ratio (CLR) and delay than contracted. Dynamic changes can be reported in three types of
circumstances: (1) a one or more links fail, (2) one or more link are removed administratively, and (3) one
or more link are added administratively.

In case (1), the IMA interface may or may not experience an increase of CLR and delay on some or al
connections due to a decrease of available bandwidth. In some cases, both ends of the virtual links may not
release connections and let congestion control discard cells if a severe congestion is reported. In other
cases, each end may release connections to preserve QoS on the most important connections. The handling
of connections upon dynamic bandwidth decrease has been under consideration by severa ATM Forum
Working Groups (NM, TM, PNNI, and SIG Working Groups).

In case (2), the IMA unit is instructed by the management control plane to drop a link. In this case, the
administrative plane function should have taken steps to ensure that the connections on the interface would
dtill pass Connection Admission Control (CAC) at the reduced interface cell rate before instructing the
IMA unit to drop the link. It is conceivable that the administrative function may even preempt connections
so those remaining will fall within CAC limits. In any case, close coordination between the CAC and the
control functions of the IMA unit is necessary if dynamic additions/deletions are to be performed.

In case (3), the IMA unit is instructed by the management control plane to add a link. In this case, the
administrative plane function should have informed the CAC that additional bandwidth is present.
Otherwise new connections will not be admitted, even though more bandwidth is available.

The treatment of CAC in the ATM Forum UNI and PNNI specifications [12][11] is implementation
dependent. Thus the treatment of CAC under dynamic bandwidth changes is left to the discretion of the
ATM interface implementers.

C.2 State Machine for De-Bouncing Error Condition Report

The Rx Failed condition, described in Section 10.1.4 on page 50, and the link failure alarm, such as defined
in Section 12.2.3 on page 79, may be a direct mapping of the defect state machine presented in Figure 21
on page 73, but this may cause lengthening of short errors. Repetitive bursts of errors will also affect the
data path if links are brought back in too rapidly. Since there were disparate views as to integration times, a
generic state model can be employed, with events loosely defined. Figure 32 on page 158 shows a
simplified Rx Failed integration state machine. The integration times can be left as vendor-defined
parameters.

Another standard technique is the weighted integration into the error condition (e.g., Rx Failed or failure
condition). For each sampling period, if a defect is present, a value is added to an integration counter. If no
defect is present, a smaller value is subtracted. In this way, errored samples are weighted more heavily. A
typical ratio is 10:1.

The state machine could also be used for de-bouncing any other error condition report such as “Fault”
condition report.
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The model described above does not apply well to the IMA-specific checks such as IMA framing or link
delay synchronization. These take longer to detect than defects, and more latitude may be required. This
state machine can be used as an example, leaving X and Y and specific integration techniques to the
implementers.

No longer
Failed

/_

No defect >y seconds

Defect
present

No defect

Failed
Integrating

Defect
Defect Integration

present

Defect > x seconds
No defect

Figure 32 Rx Failed State Machine

C.3 Interactions between GSM and Group Wide Procedures

Thisis an informative appendix to ease understanding of the GSM and its interactions with the Group Start-
up and LASR wide procedures. Figure 33 on page 159 presents an auxiliary group state machine (Group
Wide Procedure state machine) orthogonal to the Group State Machine (GSM) defined in Section 10.2.1 on
page 55. The states of the Group Wide Procedure (GWP) state machine indicate when group-wide
procedures are being executed.

Some requirements for LSM transitions, specifically (R-97) on page 61 through (R-109) on page 65, only
apply when particular group-wide procedures are being executed. Therefore, the states in the GWP state
machine below determine when these requirements are in effect.

This GWP state machine is only intended to help clarify when certain requirements apply. Table 32 on
page 159 and Table 33 on page 159 provide the definitions of the GWP states and state transitions.
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Group removed
(from all states)

Not Configured

Group Start-up

Group is Set-up
Procedure Rules

NE Tx LSMs are
set to Tx=Active

No Special

Procedure Rules

NE Tx LSMs are set
to Tx=Active

LASR starts

LASR
Procedure Rules

Figure 33 Group Wide Procedure States

Table 32 Description of Group Wide Procedure States

State

Description

Not Configured

Same as the GSM “Not Configured” state. The group does not exist (refer to Table 11 on page 57).

Group Start-up Procedures
Rules

LSM transitions are restricted by requirements (R-97) through (R-101) defined in Section 10.2.1.3 on
page 61.

No Specia Procedures Rules

LSM transitions operate normally with no restrictions for group start-up or LASR procedures.

LASR Procedure Rules

LSM transitions are restricted by requirements (R-102) through (R-109) defined in Section 10.2.2 on
page 64.

Table 33 Description of Group Wide Procedure State Transitions

State Description
Group is set-up Corresponds with transition from “Not Configured” to “ Start-Up” in the GSM (refer to Table 13 on
page 60).
LASR starts As defined by (R-102) on page 65.

NE Tx LSMs are set to Active

As defined in (R-99) on page 61 during Group Start-up and (R-107) on page 65 during execution of
the LASR procedure.

Group removed

Corresponds with transition to “Not Configured” in the GSM (refer to Table 11 on page 57 and Table

13 on page 60).

C.4 Maximum Link

Differential Delay Limitation

This section discusses the limitation of the maximum link differential delay that can be supported by the
IMA protocol due to the size of the IMA frame. Having the following characteristic of the IMA frame and
anewly defined IMA super-frame:

* IMA framesize: M cdlls (32, 64, 128 or 256)
* IMA frame sequence number (IFSN) range: 0 to 255

* IMA Super-Frame (ISF) definition: starts with IMA frame with sequence number 0 and ends with IMA
frame with sequence number 255.
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| SF length: 256* M

The ISF is defined to illustrate that the IFSN repests every 256 IMA frames. The IFSN is used by the
receiver to compensate for links with longer propagation delay. The receiver then always relies on the IFSN
contained in the incoming ICP cells on each links. If the differential delay between the links with the
shortest and longest propagation delay is larger than one half of the ISF transmission time, the receiver will
not be able to determine which link has the shortest delay. The difference has to be modulo 256, which
means that the receiver could think that the difference is either greater or smaller than one half of the ISF.
The only way to avoid the confusion is to ensure that the link differential delay between the links with the
shortest and the longest propagation delaysis never greater than one half of the time to transmit the ISF.

Equation 2 on page 160 defines the maximum link differential delay based on the ISF size (256), M, the
periodic stuffing on the TRL, the allowed CDV at the transmitter (see (R-74) on page 45) and the LCR.

Delay = ((B2)x M X (302-)-2.5) X (o) Equation 2

Table 34 on page 160 shows the maximum link differential delay that can be supported by the IMA
interface in the case of various types of links are used to form an IMA virtua link.

Table 34 Maximum Link Differential for Different M Values over various Links

M Maximum Link Differential delay (in milliseconds)
(cellsper IMA
Frame) DS1 El DS3 E3 OC-3
(Direct Mapping) | (Direct Mapping) (Sonet/SDH)
32 1130.5 904.4 39.26 51.19 11.59
64 2261.7 1809.4 78.55 102.4 23.20
128 4524.1 3619.3 157.1 204.9 46.40
256 9049.0 7239.2 314.3 409.8 92.80

Although the sizes of the delay listed above is extremely high, it isimportant to highlight this limitation of
the IMA protocol. This would be particularly important if the IMA protocol is implemented over higher
speed interfaces.

The information can also be expressed another way to give the maximum data rates that can be supported if
the required maximum link differential delay islimited to 25 milliseconds. Table 35 on page 160 shows the
maximum link rates that may be supported for different M. The data rate is the rate of the cell stream
excluding any framing overhead.

Table 35 Maximum Data Rate for a Maximum Link Differential Delay of 25 msec

M Maximum Data Rate for a delay
(maximum link differential delay of 25)
(cellsper IMA

Frame) Bit Rate Cell Rate
(Mbps) (kcell/sec)

32 69.5 163.82

64 139 327.74

128 278 655.58

256 555 1311.26
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C.5 Clock Variation Tolerance for IMA

There are three aspects to be considered for determining the required clock variation tolerance for proper
IMA operation:

* required number of consecutive ICP cells required for performing stuffing,
* periodically stuffing on the timing reference link every 2048 cells, and

e maximum insertion rate of stuff event insertion rate

C.5.1 Tolerance Due to IMA Stuffing Procedure

The specification allows for indication of the stuff action over the previous 4 ICP cells (Section 7 on page
38). This excludes the two ICP cells that comprises the stuff event. This implies a maximum frequency of
adjustment of once every 5 ICP célls, or every 5 IMA frames.

For an IMA frame with the default value of M=128, 5 IMA frames are 640 cells. Thisimpliesthat links can
have a total variance of 1 cell time out of 640 cell times, or 1/640. Converting this to ppm by multiplying
by 106 gives 1562. The frequency variation is then 781 ppm. Table 36 on page 161 gives these calculations
for various values of M.

Table 36 M Implications on PPM

M . -
5*M Total variance Frequency variation

cellsper IMA
( FrF;me) (number of cells) (ppm) (= ppm)

32 160 6250 3125

64 320 3125 1562

128 640 1562 781

256 1280 781 390

The smallest limit on ppm variation, + 390 ppm, is substantially more than that for the one required on
DSV/E1 links (= 32 ppm and + 50 ppm respectively). Accordingly the IMA stuff procedure does not limit
link selection further, and in fact can adjust for differences in link frequencies substantially more than are
allowable.

Since there isthe SICP cell itself, the adjustment period is (5*M)+1 cells.

C.5.2 Tolerance Due to Periodically Stuffing on the Timing Reference Link

Equation 1 on page 40 requires the insertion of one cell every 2048 ICP, Filler and ATM layer cells
transmitted over the timing reference link (TRL). This value, 2048, has been chosen because it is the next
binary number (2™) that allows to use the optional advanced stuff indication procedure for M equals to 256
(1280 is the minimum required as described in the previous section).

In the case the TRL is the faster link in the group, link frequency differences up to 488 ppm can be
tolerated between the TRL and the slowest link in the group. This is assuming that thisis no need to insert
stuff events on the slowest link.

C.5.3 Tolerance Due to Maximum Stuff Event Insertion Rate

The maximum stuff event insertion rate is defined to be one stuff event every 5*M ICP, Filler and ATM
layer cells for accommodating configurations using the optional four advanced indications. Enforcing such
value also alows to avoid cases where some implementations would not constantly regulate the insertion of
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the stuff events over time.

In the case where the TRL is the slowest link in the group, the choice of 5*M where M equals 128 allows
link frequency differences up to 293 ppm between the TRL and the faster link in the group. This value is
derived from the fact that there is a frequency difference of 781 ppm between alink on which a stuff event
is inserted every 1280 ICP, Filler and ATM layer cells and another link on which there is no stuff event
being inserted, and a frequency difference of 488 ppm between the TRL and a link on which there is no
stuff event being inserted. The frequency difference between the TRL and the faster link, 293 ppm, is still
much larger than the ppm requirement of most link interfaces. Table 37 on page 162 shows the maximum
tolerated frequency difference between the TRL and the fastest link.

Table 37 Maximum Tolerated Frequency difference between the TRL and the Fastest Link

M 5*M Total variance Maximum tolerated

frequency difference
(cellsper IMA (number of cells) (ppm) between TRL and
Frame) faster link

32 160 6250 5762

64 320 3125 2637

128 640 1562 1074

256 1280 781 293

C.6 Example of IMA Data Cell Rate Recovery Implementation

This section describes an example of IMA Data Cell Rate (IDCR) recovery mechanism. It suggests that the
IMA receiver to the ATM layer limit itself to specifying the cell order, the IMA data cell rate and aggregate
CDV. The actual method to clock an individua cell from the IMA sublayer to the ATM layer is
implementation and application specific.

Figure 34 on page 163 shows a partial block diagram of the IMA receiver. Portions shown are relevant to
the IDCR recovery of the IMA group. It consists of the Delay Compensation Buffers (DCB), the IMA Data
Cdll Clock (IDCC), the Read Pointer Functional Block (RPFB) and the output interface to the ATM layer.

The shaded portions of the DCB, in Figure 34, signifies unfilled portions of the buffer alocated for each
link. Each section of the buffer represents a single cell buffer. The unshaded portion represents portions
filled with cells. The write pointer of each link shows the next location where a cell would be put when
received from that link. The read pointer points to the next cell that would be queued to the ATM layer
interface.

Figure 34 shows the DBC for an IMA group composed of three links O, 1, 2 (therefore N=3) with M=8
cells. M equal to 8 is used to simplify the figure. Link O is the link with the greatest delay with 3 cellsin its
buffer. Links 0, 1, and 2 have aleast 3 cellsin their DCBs.

When encountering an ICP cell, the RPFB will ignore the cell and will immediately advance to the next
link in order without having to wait for the next IDCC tick. When encountering a stuff event, the RPFB
will ignore both ICP cells part of the stuff event and will immediately advance to the next link in order. The
RPFB is not responsible to examine the ICP cell content. It can be assumed that incoming ICP cells are
passed to another functional block of the IMA interface for further processing.

When encountering a Filler cell, the RPFB will ignore the cell and wait until the next IDCC tick to advance
to the next link in order.

Figure 35 on page 164 shows the insertion of stuff cells every “Y” IMA frames on the TRL, where Y is
2048/M, or 256 if this example.
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Figure 34 Serving Delay Compensation Buffer
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Note: IMA Data Cell Clock derived from TRL
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Figure 35 Insertion of Stuff Cell every Y*M Cells on the TRL
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C.7 Examples of Interactions between IFSM and IESM

This section provides three examples illustrating the interaction between the IFSM and IESM defined in
Figure 19 on page 69 and Figure 21 on page 73.

Example 1:

* Having the IFSM in the “IMA Sync®’ state and the IMA Error State Machine (IESM) in the “IMA

Getting “Beta(b)” consecutive errored ICP cells, the IFSM will proceed to “IMA Hunt”. At the same
time, the IESM will proceed to OIF, and

» Getting “Gamma(g) + 2" consecutive errored ICP cells will lead the IESM to proceed to LIF
Example 2:

* Having the IFSM in the“IMA Sync” state and the IESM in the “IMA Working State”,

Getting “Beta(b)” consecutive errored ICP cedlls, the IFSM will proceed to “IMA Hunt”. At the same
time, the IESM will proceed to OIF state,

» Getting avalid ICP cell will lead the IFSM to proceed to “IMA PreSync”, and

Getting “Gamma(g)” additional consecutive ICP cells will lead IFSM to proceed to “IMA Sync” which
will cause IESM to proceed to “IMA Working State”.

Example 3:

* Having the IFSM in the“IMA Sync” state and the IESM in the “IMA Working State”,

Getting “Beta(b)” consecutive errored ICP cedlls, the IFSM will proceed to “IMA Hunt”. At the same
time, the IESM will proceed to OIF state,

 Getting one more errored ICP cdll, no change to IFSM and IESM, and

» Getting “Gamma(g) + 1" additional valid ICP cells will either cause the IFSM to proceed to “IMA Sync”
before LIF is reported by IESM or LIF being reported by IESM before “IMA Sync” state is entered by
IFSM.

C.8 Use of Link Information Fields for Reporting Rx LSM and Defect Information

Thisis an informative appendix to ease understanding of the use of the Link Information fields in the ICP
cells. Thisisillustrated in Figure 36 on page 166.
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NE IMA FE IMA
Clear channel
The events of the NE Tx facility
LSM are derived from:
NE Rx LSM (LID=1) /\ LID=0
FE Tx LSM (LID=1) NE Tx Pl FE Rx

FE Rx LSM (LID=0)

The events of the NE Rx LID= 1
LSM are derived from: NE Rx <

FE Tx

NE Tx LSM (LID=0)
FE Tx LSM (LID=1)
FE Rx LSM (LID=0)

<
ICP Cell

Byte 18 | Tx LSM | Rx LSM |Rx Defect| IMA Link O

Byte 19 | TXLSM | Rx LSM |Rx Defect| IMA Link 1

The shaded areas illustrate the fields reported by the FE IMA
and used by the NE IMA to control this physical link.

Figure 36 Processing of the Link Information Field

C.8.1 Processing of Link Info field by IMA Version 1.0 Implementations

It should be noted that a significant number of IMA v1.0 implementations have used a different technique
to report Rx information over the Link Information fields in the ICP cells when configuring the IMA unit in
the Symmetrical Configuration and Operation mode. This technique isillustrated in Figure 37 on page 167
and differs from the technique clarified in IMA v1.1. This should be considered when there is a need to
connect an IMA v1.1 implementation with an IMA v1.0 implementation.
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NE IMA FE IMA
Clear channel
The events of the NE Tx facility
LSM are derived from:
NE Rx LSM (LID=0) /\ LID=0
FE Tx LSM (LID=1) NE Tx Pl FE Rx

FE Rx LSM (LID=1)

The events of the NE Rx

h ) LID=1
LSM are derived from: NE Rx < FE Tx
NE Tx LSM (LID=0)
FE Tx LSM (LID=1)
FE Rx LSM (LID=1)
<
ICP Cell

Byte 18 | TxLSM | Rx LSM |Rx Defect| IMA Link O

Byte 19 | TXxLSM [ Rx LSM |Rx Defect| IMA Link 1

The shaded areas illustrate the fields reported by the FE IMA
and used by the NE IMA to control this physical link.

Figure 37 Processing of the Link Info Field by IMA Version 1.0 Implementations
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Appendix D Asymmetric Operation

D.1 Introduction

This appendix covers extensions of the IMA specification to the operations and configuration to cover two
aspects of asymmetric links.

Asymmetric configuration covers the configuration and static elements of IMA to allow the provision of
asymmetric links, for example a group with 3 links in one direction and 2 in the other.

Asymmetric operation treats the operation of the links independently separating the transmit and receive
behavior and alowing the IMA to continue to use alink in one direction that has failed in the other.

D.2 Transmit and Receive Link State Transitions

The Transmit (Tx) and Receive (Rx) link state transitions should operate independently, with independent
setting of the Link Information fields in the ICP cells for the Tx and Rx ends. An IMA group set in the
asymmetric operation but not supporting asymmetric configuration would always expect the Tx and Rx
links to be either both in a group or both out of agroup.

The NE Tx state transition does not consider the NE Rx state or the FE Tx state when deciding on the state
of the NE Tx link (i.e., see notesin Table 8 on page 52).

The NE Rx state transition does not consider the NE Tx state or the FE Rx state when deciding on the state
of the NE Rx link (i.e., see notesin Table 9 on page 53).

D.3 Link Start-up

There are two cases, one where the receive end is ready first, and a second where the transmit end is ready
first. Thisis shown in Figure 38 on page 169 and Figure 39 on page 170.

D.4 Group Start-Up

For any group, two values will be provided, Pr, and Pry. Pryx and Pry as appearing in Figure 15 on page 63
may be different.
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Link "x" Tx LSM Link "x" Rx LSM
at End A at End B

Rx: Unusable

/ Rx: Usable

Rx: Usable

—

Tx: Unusable

(No action until
Tx is set to Usable)

Tx: Usable \
Tx: Usable
Rx: Active
Rx: Active
Tx: Active

\

Tx: Active

\ (Rx: remains Active)

Note: Only the NE states newly entered and transmitted over the ICP cells are shown.

Figure 38 Exchange of the NE Tx and Rx State during Link Start-up - Rx Ready First
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Link "x" Tx LSM

at End A
Tx: Unusable
Tx: Usable \
Tx: Usable
Rx: Active
Tx: Active
Tx: Active

Link "x" Rx LSM
at End B

Rx: Unusable

\

(No action until Rx link
is determined Usable)

(When Usable, the link will progress
from Unusable to Usable to Active)

/ Rx: Active

\

(Rx: remains Active)

Note: Only the NE states newly entered and transmitted over the ICP cells are shown.

Figure 39 Exchange of the NE Tx and Rx State during Link Start-up - Tx Ready First
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Appendix E Examples of Link State Exchanges

This section presents examples of state exchanges between the two ends of the IMA virtua link based on
the LSM defined in Section 10.1 on page 46. The link addition, activation, deletion and de-activation cases
are covered. Both symmetrical and asymmetrical configurations are also considered.

Figure 40 on page 171 shows the case where a link is added and activated simultaneously at both ends.
Overlapping identical handshakes are performed in both directions, controlling each direction
independently.

End A End B
TX/Rx TX/Rx
Tx: Not In Group Tx: Not In Group
Rx: Not In Group Rx: Not In Group
Tx: Unusable Tx: Unusable
Rx: Unusable Rx: Unusable
Tx: Usable Tx: Usable
Rx: Usable Rx: Usable
Tx: Usable Tx: Usable
Rx: Active Rx: Active
Tx: Active Tx: Active
Rx: Active Rx: Active

Note:
® Only the NE states newly entered and transmitted over the ICP cells are shown.

® The transitions to Tx=Usable, Rx=Active and Tx=Active depend on the group wide synchronized
addition/slow recovery procedure of links

Figure 40 Link Addition with Overlapping Sequence (Symmetrical Operation)
Figure 41 on page 172 shows the case when both ends are not overlapping. One end is moving to Usable

before the other end. End B may safely skip to the receive Unusable state, and the response is immediate
transition to receive Active state at the local end. Full operation is established in a single round-trip.
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End A End B

TX/Rx TX/Rx
Tx: Not In Group Tx: Not In Group
Rx: Not In Group Rx: Not In Group

Tx: Usable

Tx: Unusable
Rx: Unusable

Rx: Unusable

(No action, still Rx: Unusable)

Tx: Usable
Rx: Active
Tx: Active
Rx: Active
Tx: Active
Rx: Active

Note:

i Only the NE states newly entered and transmitted over the ICP cells are shown.

The transitions to Tx=Usable, Rx=Active and Tx=Active depend on the group wide
synchronized addition/slow recovery procedure of links

Figure 41 Link Addition with Non-Overlapping Sequence (Symmetrical Operation)

Figure 42 on page 173 and Figure 43 on page 173 show the state exchange initiated by end A for deleting a
link in the transmit direction for both the symmetrical and asymmetrical operations. Note that the receive
link remains Active in the case where the groups are asymmetrically operated.
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End A End B

TX/Rx TX/Rx
Both Directions Active Both Directions Active
Tx: Active Tx: Active
Rx: Active Rx: Active

Delete Link
Tx: Not In Group (Deleted)
Rx: Not In Group (Deleted)

Tx: Usable
Rx: Usable
Un-assign Link
Tx: Not In Group (Unassigned)
Rx: Not In Group (Unassigned)
Tx: Usable

Rx: Unusable (Failed)

Note: Only the NE states newly entered and transmitted over the ICP cells are shown.

Figure 42 Transmit Link Deletion at One End (Symmetrical Operational)

End A End B

TX/Rx TX/Rx
Both Directions Active Both Directions Active
Tx: Active Tx: Active
Rx: Active Rx: Active

Delete Link in Tx Direction
Tx: Not In Group (Deleted)
Rx: Active

Tx: Active
Rx: Usable
Un-assign Link
Tx: Not In Group (Unassigned)
Rx: Active
Tx: Active

Rx: Unusable (Failed)

Note: Only the NE states newly entered and transmitted over the ICP cells are shown.

Figure 43 Transmit Link Deletion at One End (Asymmetrical Operational)
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Figure 44 on page 174 shows the state exchange in the case of link de-activation in the case of a transmit
failure in one direction under symmetrical configuration. Figure 45 on page 174 shows the scenario for the

asymmetrical operation.

End A End B

TX/Rx TX/Rx
Both Directions Active Both Directions Active
Tx: Active Tx: Active
Rx: Active Rx: Active

Tx Fault reported
Tx: Unusable
Rx: Usable

Reacted to Tx Unusable
Tx: Usable
Rx: Usable

Note: Only the NE states newly entered and transmitted over the ICP cells are shown.

Figure 44 Link De-activation Due to Tx Fault (Symmetrical Operational)

End A End B

TX/Rx TX/Rx
Both Directions Active Both Directions Active
Tx: Active Tx: Active
Rx: Active Rx: Active

Tx Fault reported
Tx: Unusable
Rx: Active

Reacted to Tx Unusable
Tx: Active
Rx: Usable

Note: Only the NE states newly entered and transmitted over the ICP cells are shown.

Figure 45 Link De-activation Due to Tx Fault (Asymmetrical Operational)

Figure 46 on page 175 and Figure 47 on page 176 show alink de-activation when the Rx Failed condition
is entered and the later link re-activation after Rx Failed condition is exited, under symmetrical and
asymmetrical operation respectively.
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End A
TX/Rx

Both Directions Active
Tx: Active
Rx: Active

Rx Failed reported
Tx: Usable
Rx: Unusable

/ /

(Defect no longer present and
Rx link ready to be set to Active)

Tx: Usable
Rx: Active

Tx: Active
Rx: Active

End B
TX/Rx

/

Both Directions Active
Tx: Active
Rx: Active

Reacted to RFI
Tx: Usable
Rx: Active

/

Tx: Active
Rx: Active

Note: Only the NE states newly entered and transmitted over the ICP cells are shown.

Figure 46 Link De-activation/Recovery under Link Failed Condition (Symmetrical Operation)
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End A
TX/Rx

Both Directions Active
Tx: Active
Rx: Active

Rx Failed reported
Tx: Active
Rx: Unusable

/ /

(Defect no longer present and
Rx link ready to be set to Active)

Tx: Active
Rx: Active

Tx: Active
Rx: Active

End B
TX/Rx

/

Both Directions Active
Tx: Active
Rx: Active

Reacted to RFI
Tx: Usable
Rx: Active

/

Tx: Active
Rx: Active

Note: Only the NE states newly entered and transmitted over the ICP cells are shown.

Figure 47 Link De-activation/Recovery under Link Failed Condition (Asymmetrical Operation)
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Appendix F IMA OAM Behaviors

This appendix provides information about the OAM behaviors of the IMA interface. Figure 48 on page 177
shows the OAM behaviors of asingle link and an IMA interface. The following can be noted:

» A defect is reported once at alayer (F1, F2, F3, F4, or F5) upon detecting a defect at the same layer or
when AlS is reported by the lower layer.

* Once adefect is detected at alayer, an RDI is reported in the opposite direction.
* Once adefect isdetected at alayer, AlSisreported to the next upper layer.

Single Link OAM Behavior IMA Virtual Link OAM Behavior
Tx Rx Tx Rx
VPINC-AIS VPINC-AIS
F4/F5 F4/F5
AlS Down
AlS Down

IMA Specific

AIS or LIF or LODS

F3 AlS F3
AIS or LOC AIS or LOC
‘i |

AIS Al

F1, F2 F1, F2

LOS, LOF/OOF, AIS LOS, LOF/OOF, AIS

F1/F2 RDI (e.g., L-RDI) F1/F2 RDI (e.g., L-RDI)
v F3 RDI for cell specific part v F3 RDI for cell specific part

F4/F5 RDI (VP/VC RDI) F3 RDI (IMA virtual link specific)

F4/F5 RDI (VP/VC RDI)

Figure 48 Single Link and IMA Virtual Link OAM Behaviors
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Appendix G Numbers of IV-IMAs to Trigger SES-IMA

ITU-T Recommendation G.826 [26] specifies that SES shall be reported for second periods that contain
3 30% errored blocks. This I TU recommendation also specifies that:

« that alesser value may be used in the case where the system does not have the ability to detect as such,
* that avalue different from 30% may be used, and

* that the value may vary with transmission rate.

Table 38 on page 178 shows the number of errored ICP cells that could be used to derive SES if we require
3 30% errored blocks to report SES. Thisis excluding the presence of Filler and ATM layer cells. The table
shows that the values of the SES threshold depend of M and the available LCR.

Table 38 Proposed Numbers of IV-IMAs to Trigger SES

DS1 El
(LCR =3622.6 cells/second) (LCR = 4528.3 cells/second)
M | CP cells/second 3 30% I CP cells/second 3 30%
32 113 34 142 43
64 56 17 71 22
128 28 9 36 11
256 14 5 18 6
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Appendix H Detailed IMA Clocking Configurations

This appendix contains detailed information with respect to clocking options that are specific to various
IMA link configurations, where the links are DS1 or E1 links. The information contained within this
appendix builds upon the details as described within Section 4.3 on page 24 and addresses the scenarios
where the transmit clocks of the links within the IMA group may or may not be derived from the same
clock source (i.e,, CTC or ITC mode), and where the IMA interface is used in public and private network
configurations. The respective clocking configuration selected for an IMA application will be determined
by the availability and provisioning of link services. It is suggested that, if possible, all the links within the
IMA link group use a single source for transmit clock and, if possible, that source be traceable to a Primary
Reference Source (PRS).

Throughout this appendix the terms Primary Reference Source (PRS)[5], Primary Reference Clock
(PRC)[23], and Stratum 1 are Ssynonymous.

H.1 IMA Group in CTC Mode

This section describes clocking options applicable to the configuration where the IMA interface is running
in the Common Transmit Clock (CTC) mode. These clocking options can be categorized into two main
sections, namely non-transparent and transparent, as shown in Figure 49 on page 179. The link reference
model illustrates the different timing domains [20].

Public Switched Network

Non-Transparent
C

Transparent C

Private
Node 1

Private
Node 3

Private
Node 2

C: 1.544 and/or 2.048 Mbps transparent or no-transparent links
T: 1.544 and /or 2.048 Mbps access to public ISDN

Figure 49 Link Timing Reference Model
Transparent is defined within reference [20] as: alink or group of linksis transparent if the signal carried is

not re-timed from a clock associated with the link(s). The timing of a signal passing across a transparent
link may however be atered due to jitter, wander, filtering or error conditions.

H.1.1 Non-Transparent Links

The following section will detail link configurations applicable to a non-transparent relationship. All these
configurations are associated with the support of access to a synchronous public network.

H.1.1.1  Single Time Domain

The single-time domain clocking configuration is applicable to an application where all transmitters are
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within a single timing domain (e.g., al links from the same local area carrier). An example is given in
Figure 50 on page 180.

The IMA units will derive their respective transmit clocks from one of their receive clock signals, which
will normally be traceable to a Stratum 1.

Carrier

Stratum 1 \
TX RXx
»
-;-"""-._f‘?"" \4 Rx \ < ) Tx< 'I_:..__I-_-,-...

> / Rx > s

TX ] mlﬁ’!

IMA NxDS1/E1 IMA

Figure 50 Single Time Domain

The DS1 interface will be expected to conform to the ANSI T1.408 [5] specification which imposes the
following requirements:

The IMA received and transmitted bit streams must be synchronized to the carrier’s clock.

In normal operation the bit stream is traceable to a Stratum 1 primary reference, which has a long term bit
rate accuracy of 1x10™. When synchronization by a Stratum 1 clock has been interrupted, the signal
delivered by the network to the interface shall have a minimum accuracy of 4.6 x 10°®, Stratum 3 accuragy,
as specified in ANSI T1.408[5], Section 5.3.1.1.

For multiple network interfaces (as with an IMA interface with multiple links), the transmission rate is
determined by the signal received across only one link interface, or is derived externally from the carrier’s
Stratum 1, so that all interfaces are synchronized to the same master clock source.

An E1 interface has similar requirements that are specified in ITU-T Recommendations G.703 [21] and
1.431 [29].

H.1.1.2  Two or More Timing Domains

The two or more timing domains clocking configuration addresses the scenario where the multiple IMA
low speed links are obtained from a number of distinct and separate carriers, which have their own
synchronization hierarchies (timing domains). This scenario may be quite common as it adds to the
diversity and survivability of an IMA application. An example is shown in Figure 51 on page 176.
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Carrier A

Stratum 1

)

\ 4
V>
v

= 2
A

?

-y
A

|

<
A

= i

Stratum 1

Carrier B

IMA IMA

NxDS1/E1l

Figure 51 Two or More Timing Domains

The configuration will have each link or group of links synchronized to a separate master clock source,
which again will normally be traceable to Stratum 1. In practice only one of the carrier master clocks will
synchronize the IMA equipment for synchronization, e.g., Carrier A’s Stratum 1 reference clock. This may
result in virtually error-free traffic performance as the carriers are operating plesiochronously with each
other, with average clock rate different by no more than 1 part per 10™. In this configuration, it is
recommended to ensure all carriers use Stratum 1 traceable clocks when subscribing.

H.1.1.3 International or Inter Exchange Carrier (IEC) Timing Domains

The following configuration, shown in Figure 52 on page 182, can be referred to as the “Classic
Plesiochronous’ configuration with respect to a synchronous network. The scenario addressed is where the
links traverse more than one timing domain. This is possible within international and inter-1EC topologies
as well as within many larger networks. Each IMA interface’ s internal clock will synchronize to a DSI/E1
received from the host carrier and provide timing to the IMA transmitted signals, so that all the signals in
the group of links are normally traceable to one of the carrier’s Stratum 1. The inter-working and re-timing
of the information stream across the different timing domains will be managed transparently to the
application. If timing differences do accumulate then a controlled slip may be introduced by individua
DS1/E1 receivers to compensate for the differences. Under fault free conditions the occurrence of a
controlled dlip will be rare, e.g. in aworst case scenario where the number of carriers (N) is 2, 1 controlled
frame dlip will occur every 72 days (per DSU/EL).
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Carrier N

Stratum 1

Carrier 1

Stratum 1

= | \*FRX "= \ > o g =B
<o DY

< “ < "
IMA w NxDS1/E1 w IMA

Figure 52 International or Inter IEC Timing Domains

H.1.2 Transparent Links

The following section details link configurations applicable to a transparent relationship, e.g. private leased
lines. These configurations will require the customer premise to provide or act as the master clock source
for the transmitted signals. All these configurations should be termed as being asynchronous, which
indicates that they are not synchronized to a network-wide clock source. Note that the respective loca
clock source may still be traceable to a network-wide PRS but thisis not a requirement.

H.1.3 Master/Master Configuration

The master/master configuration is applicable when addressing services which require the customer
premise equipment to act as the clock source. In this configuration the transmit clock is not derived from
the receive bit stream (see Figure 53 on page 182). The configuration may aso be known as a
“Transparent” or “Split timing” configuration [20]. The clocks are required to support an accuracy of
1.544 Mbps + 32 ppm for DS1 configuration [2] and 2.048 Mbps = 50 ppm for E1 configuration [21].

NxDS1/E1
0 Q<
ernal pIx Rx N it
[————— < = L frrmm——
' Tx Rx I
1 | | > RX Tx > [ {
it < < B
M « " fegss
'mlli?r' > . -|F—l > 'm"i('
4 Rx X 1
IMA IMA

Figure 53 Master/Master Configuration
Practical configuration options with respect to the clock sources are detailed as follows, refer [20]. (x) and
(y) are reference clocks. When (x) and (y) are providing a clock signal, two cases can occur, in addition to
the free-running case:

1. (x) and (y) come from the same clock and are therefore synchronous and

2. (x) and (y) are from two different clock sources.
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H.1.3.1  Master/Slave Configuration

The Master/Slave configuration, also referred as looped timing configuration, is the most common
configuration with respect to the support of private networking scenarios. An example is represented in
Figure 54 on page 183.

Master Side Slave Side
NxDS1/E1
0 QY
System/
Internal > Tx Rx
rre————— 4 Rx LS 1 rre—————
— ™ R —
- i > T > {
B R X
< x <
i l.&-\.l
L L P L |
R X
< - <
IMA IMA

Figure 54 Master/Slave Configuration

As it can be determined from Figure 54, there is a single master clock source. The remote equipment
(Slave) will synchronize to the master-provided transmitted signal. The accuracy of the master clock source
is expected to be in the range of 1.544 Mbps + 32 ppm for DS1 configurations [2], and 2.048 Mbps + 50
ppm for E1 configurations [21].

H.2 Connections to Public ISDN

The access to DS1/E1 links may be either transparent or non-transparent. The ATM switch in the public
network will provide timing. The overall effect is as if the links were non-transparent. Figure 50 on page
180 illustrates this case.

H.2.1 IMA Group in ITC Mode

Detailed within this section are clocking options applicable to the configuration where the IMA group is
running in the Independent Transmit Clock (ITC) mode. This typically results in the scenario where some
of the source clock signals are not traceable to a PRS.

H.2.2 Two or More Timing Domains - Un-synchronized

The clocking configuration, as detailed within Figure 55 on page 184, is similar to the configuration
contained within Section H.1.1.2 on page 180, where the multiple IMA low speed links are supported over
a number of distinct and separate carriers in a non-transparent fashion. The main difference in this
configuration is that each link within the IMA link group is synchronized via“looped” timing to each of the
respective carriers reference clocks, whereas in the previous configuration (Section H.1.1.2) one of the
carriers was selected as the reference. This configuration will result in virtually error-free performance as
described in Section H.1.1.2.
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NxDS1/E1l

Carrier A
(Stratum 1)

[

ﬂ;?
A
2
D—{

A
)|
<

A
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Carrier B

(Stratum 1)

IMA IMA

Figure 55 Two or More Timing Domains - Un-synchronized

H.2.3 Non-Transparent/Transparent Mixed Configuration

The non-transparent/transparent mixed configuration addresses the scenario where the links within the IMA
link group are supported over a combination of transparent and non-transparent facilities. This may be the
result of the following conditions where the majority of the links are supported as private leased line
connections and additional links are managed/deployed via an on-demand basis by utilizing dialup and/or
ISDN facilities. The additiona links may be established either as a result of a demand for additional
bandwidth or alternatively to address a restoration/survivability scenario.

Figure 56 on page 185 shows an example of mixed of transparent/non-transparent configurations. It
displays the following configuration mix:

« the private leased line links will be supported as transparent links, in this case a master/save clocking
configuration has been selected.

* thedialup and/or ISDN lines will be supported as non-transparent links, in this case a master/dave.

The non-transparent/transparent mixed configuration, therefore, creates the situation where the links within
the IMA link group are supported in a non-synchronous fashion. The private leased line links will be
synchronized to a locally derived timing source, which maybe asynchronous to the carrier clock source;
and the links supported over the dialup and/or ISDN facilities will be synchronized to the carrier’s master
clock source.

If possible, the timing configuration represented in Figure 56 on page 185 should be avoided. In case this
configuration is used, it is recommended to drive timing on the transparent links from one of the PRS
traceable sources from a carrier(s) rather than from local sources. This changes the configuration to that
covered in Section H.1.1.1 on page 179 Section H.1.1.2 on page 180 (depending on the number of
independent Primary Reference Sources in the configuration).
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NxDS1/E1l
x) —»
System/
Internal —., Tx Rx
rr—————— 4 Rx UJ‘_ rr—————
—T —

Carrier A

(Stratum 1)

IMA IMA

Transparent Links

Non-Transparent Links

Figure 56 Non-Transparent/Transparent Mixed Configuration
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