Technical CommitteeLAN Emulation Over ATMVersion 1.0af-lane-0021.000January, 1995

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee2(C) 1995 The ATM Forum. All Rights Reserved. No part of this publication may be reproducedin any form or by any means.The information in this publication is believed to be accurate as of its publication date. Suchinformation is subject to change without notice and the ATM Forum is not responsible for anyerrors. The ATM Forum does not assume any responsibility to update or correct any informationin this publication. Notwithstanding anything to the contrary, neither The ATM Forum nor thepublisher make any representation or warranty, expressed or implied, concerning thecompleteness, accuracy, or applicability of any information contained in this publication. Noliability of any kind shall be assumed by The ATM Forum or the publisher as a result of relianceupon any information contained in this publication.The receipt or any use of this document or its contents does not in any way create by implicationor otherwise:¥ Any express or implied license or right to or under any ATM Forum member company�spatent, 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 anyproduct(s) and/or service(s) related thereto, or if such announcements are made, that suchannounced product(s) and/or service(s) embody any or all of the ideas, technologies, or conceptscontained herein; nor¥ Any form of relationship between any ATM Forum member companies and the recipient oruser of this document.Implementation or use of specific ATM standards or recommendations and ATM Forumspecifications will be voluntary, and no company shall agree or be obliged to implement them byvirtue of participation in the ATM Forum.The ATM Forum is a non-profit international organization accelerating industry cooperation onATM technology. The ATM Forum does not, expressly or otherwise, endorse or promote anyspecific products or services.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee31. INTRODUCTION...............................................................................................................1111.1 Purpose of Document................................................................................................................................................1321.2 Terminology..............................................................................................................................................................1331.3 References..................................................................................................................................................................1641.4 ATM Network Service Assumptions.......................................................................................................................1752. DESCRIPTION OF LAN EMULATION SERVICE............................................................1862.1 Architectural Overview............................................................................................................................................1872.1.1 Basic Concepts....................................................................................................................................................1882.1.2 Architectural Perspective....................................................................................................................................1892.1.3 Implementation Perspective................................................................................................................................21102.2 LAN Emulation Components..................................................................................................................................22112.2.1 Entities................................................................................................................................................................22122.2.2 Connections.........................................................................................................................................................23132.3 Functions of the LAN Emulation Service...............................................................................................................28142.3.1 Initialization........................................................................................................................................................28152.3.2 Registration.........................................................................................................................................................29162.3.3 Address Resolution.............................................................................................................................................29172.3.4 Connection Management....................................................................................................................................30182.3.5 Data Transfer......................................................................................................................................................32192.3.6 Frame Ordering...................................................................................................................................................33202.3.7 Source Routing Considerations...........................................................................................................................33213. LAN EMULATION SERVICE SPECIFICATION...............................................................35223.1 LE to Higher Layer Services....................................................................................................................................35233.1.1 LE_UNITDATA.request....................................................................................................................................35243.1.2 LE_UNITDATA.indication................................................................................................................................36253.2 LAN Emulation to AAL Services............................................................................................................................36263.2.1 AAL_UNITDATA.request.................................................................................................................................37273.2.2 AAL_UNITDATA.indication.............................................................................................................................37283.3 Connection Management Services..........................................................................................................................37293.3.1 Permanent Virtual Circuits (PVCs)....................................................................................................................38303.3.2 Switched Virtual Circuits (SVCs).......................................................................................................................38313.4 LAN Emulation to Layer Management Services...................................................................................................45323.4.1 LE Client Layer Management service................................................................................................................45334. LAN EMULATION FRAME FORMATS............................................................................49344.1 LE Data Frame..........................................................................................................................................................4935

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee44.1.1 Encoding of Ethernet/IEEE 802.3 Type/Length Fields......................................................................................50364.2 LE Control Frames...................................................................................................................................................51374.3 Control Frame Usage................................................................................................................................................54384.3.1 Discarding Invalid Frames..................................................................................................................................54394.3.2 Request/Response Field Usage...........................................................................................................................54404.3.3 Sender/Receiver Field Usage..............................................................................................................................54414.3.4 Response Frame Routing....................................................................................................................................54424.3.5 Agreement of Response Frame Destinations......................................................................................................54434.3.6 Request Frame Source Identification..................................................................................................................54444.3.7 Response Frame Filtering...................................................................................................................................54454.3.8 Summary of OP-CODEs.....................................................................................................................................55464.4 Byte and Bit Order....................................................................................................................................................55474.5 Media Format of MAC Addresses..........................................................................................................................56485. INITIALIZATION PROTOCOLS, PROCEDURES AND FRAME FORMATS...................58495.1 Initial State................................................................................................................................................................58505.1.1 Initial State - LE Client View.............................................................................................................................58515.1.2 Initial State - LE Service View...........................................................................................................................61525.2 LECS Connect Phase................................................................................................................................................62535.2.1 LECS Connect - LE Client View........................................................................................................................62545.2.2 LECS Connect - LE Service view......................................................................................................................62555.3 Configuration Phase.................................................................................................................................................63565.3.1 Configuration - Requester�s View......................................................................................................................63575.3.2 Configuration - LE Service View.......................................................................................................................64585.3.3 Configuration Frames.........................................................................................................................................66595.3.4 Configuration Request Frame - Parameter Encodings........................................................................................67605.3.5 Configuration Response Frame - Parameter Encodings.....................................................................................67615.4 Join Phase..................................................................................................................................................................69625.4.1 Join Phase - LE Client View...............................................................................................................................69635.4.2 Join phase - LE Server View..............................................................................................................................70645.4.3 Join Frames.........................................................................................................................................................73655.5 Registration During Initialization...........................................................................................................................74665.6 Connecting to the BUS Protocol and Procedures..................................................................................................75675.6.1 Protocol...............................................................................................................................................................75686. REGISTRATION PROTOCOL, PROCEDURES AND FRAME FORMATS.....................77696.1.1 Registration - LE Client View............................................................................................................................77706.1.2 Registration - LE Server View............................................................................................................................78716.1.3 Registration Frames............................................................................................................................................80727. ADDRESS RESOLUTION PROTOCOL, PROCEDURES AND FRAME FORMATS......8173

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee57.1 Address Resolution - LE Client View......................................................................................................................81747.1.1 Address Resolution Over Control Direct VCC...................................................................................................81757.1.2 Accepting Address Resolution Frames...............................................................................................................81767.1.3 Ignoring Frames Prior to Joining........................................................................................................................81777.1.4 Responding to LE_ARP_REQUESTs for LAN Destinations............................................................................82787.1.5 Local LAN Destinations.....................................................................................................................................82797.1.6 Remote MAC Addresses.....................................................................................................................................82807.1.7 Obtaining BUS ATM Address............................................................................................................................82817.1.8 Transmitting to Unresolved LAN Destination....................................................................................................82827.1.9 Establishing Connections....................................................................................................................................82837.1.10 LE_ARP_REQUEST Frequency......................................................................................................................82847.1.11 Multicast MAC Address...................................................................................................................................82857.1.12 LE_ARP Cache (C16).......................................................................................................................................82867.1.13 Verifying LE_ARP Cache Entries....................................................................................................................83877.1.14 Elimination of LE_ARP cache entries..............................................................................................................83887.1.15 Aging Time.......................................................................................................................................................83897.1.16 Topology Change Flag (C19)...........................................................................................................................83907.1.17 Updating Topology Change Flag (C19)............................................................................................................83917.1.18 LE_ARP_REQUEST Frequency......................................................................................................................83927.1.19 Generation of LE_TOPOLOGY_REQUESTs..................................................................................................83937.1.20 Local Management Directives..........................................................................................................................83947.1.21 Spanning Tree Configuration BPDUs..............................................................................................................84957.1.22 Unresolved LE_ARP_REQUESTs...................................................................................................................84967.1.23 Eavesdropping...................................................................................................................................................84977.1.24 Generating an Unsolicited LE_NARP_REQUEST..........................................................................................84987.1.25 LE_NARP Time Limits....................................................................................................................................84997.1.26 LE_NARP_REQUESTs and Topology Changes.............................................................................................841007.1.27 LE_NARP_REQUESTs not for Local Bindings..............................................................................................841017.1.28 Previously Represented LAN Destination........................................................................................................851027.1.29 Remote Binding Advertised..............................................................................................................................851037.1.30 Updating the LE_ARP Cache...........................................................................................................................851047.2 Address Resolution - LE Service View....................................................................................................................851057.2.1 Address Resolution VCC....................................................................................................................................851067.2.2 Transmitting LE_ARP_REQUESTs and LE_ARP_RESPONSEs.....................................................................851077.2.3 Responding to Known LE_ARP_REQUESTs...................................................................................................851087.2.4 Not Responding to Unknown LE_ARP_REQUESTs........................................................................................851097.2.5 Not Forwarding Known LE_ARP_REQUESTs.................................................................................................851107.2.6 Forwarding Unknown LE_ARP_REQUESTs....................................................................................................861117.2.7 Forwarding LE_ARP_REQUESTs.....................................................................................................................861127.2.8 Forwarding LE_ARP_REQUESTs to Proxy LE Clients....................................................................................861137.2.9 Responding to LE_ARP_REQUESTs for Broadcast MAC Address.................................................................861147.2.10 Forwarding LE_TOPOLOGY_REQUESTs.....................................................................................................861157.2.11 Initiating LE_TOPOLOGY_REQUESTs.........................................................................................................861167.3 Address Resolution Frames.....................................................................................................................................871177.4 LE_NARP Frame Format........................................................................................................................................871187.5 Topology Change Frames........................................................................................................................................891198. DATA TRANSFER PROTOCOL AND PROCEDURES...................................................90120

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee68.1 Data Transfer Phase - LE Client Protocol Mechanisms.......................................................................................901218.1.1 Data Frame VCC.................................................................................................................................................901228.1.2 Data Frame Frequency........................................................................................................................................901238.1.3 Use of LECID.....................................................................................................................................................901248.1.4 Discarding Frames Based on LECID..................................................................................................................901258.1.5 Maximum Frame Sizes.......................................................................................................................................901268.1.6 Forwarding Unicast Data Frames........................................................................................................................901278.1.7 Filtering Data Frames..........................................................................................................................................911288.1.8 Minimum IEEE 802.3 Data Frame Size.............................................................................................................911298.1.9 Minimum IEEE 802.5 Data Frame Size.............................................................................................................911308.1.10 Maximum Data Frame Size (C3)......................................................................................................................911318.1.11 Duplicate Incoming Data Direct VCC..............................................................................................................911328.1.12 Data Direct VCC Termination..........................................................................................................................911338.1.13 Terminating ELAN Membership......................................................................................................................911348.2 Data Direct Call Establishment...............................................................................................................................911358.2.1 Called Client Ready to Receive Frames.............................................................................................................911368.2.2 Calling Client Action on Receiving CONNECT Message.................................................................................911378.2.3 Called Client Terminates C28.............................................................................................................................921388.2.4 Called Client Timer C28 Expires........................................................................................................................921398.2.5 READY_IND Response to READY_QUERY...................................................................................................921408.2.6 Ready Frame Format...........................................................................................................................................921418.3 Data Transfer Phase - BUS Protocol Mechanisms................................................................................................921428.3.1 Maximum Frame Age S5....................................................................................................................................921438.3.2 BUS Forwarding Data Frames............................................................................................................................921448.3.3 BUS Forwards on Multicast Forward VCC........................................................................................................921458.4 Data Transfer Phase - LES Protocol Mechanisms................................................................................................931468.4.1 LE Server Detects VCC Release and Terminates ELAN Membership..............................................................931478.4.2 LE Server Terminates ELAN Membership........................................................................................................931488.5 Delivery of Token Ring Frames...............................................................................................................................931498.5.1 Bridge Response to LE_ARP..............................................................................................................................931508.5.2 Initial Frame Handling........................................................................................................................................931518.5.3 Multicast Frames.................................................................................................................................................931528.5.4 ARE, STE Frames...............................................................................................................................................931538.5.5 RI Field Length...................................................................................................................................................931548.5.6 Invalid RI Field...................................................................................................................................................941558.5.7 No Hops..............................................................................................................................................................941568.5.8 Last Hop on Same ELAN...................................................................................................................................941578.5.9 Next RD..............................................................................................................................................................941588.6 Maximum Data Frame Size.....................................................................................................................................951599. FLUSH MESSAGE PROTOCOL, PROCEDURES AND FRAME FORMATS.................961609.1 Flush Message Protocol and Procedures................................................................................................................961619.1.1 Mandatory Protocol............................................................................................................................................961629.1.2 Optional Protocol................................................................................................................................................971639.2 Flush Frames.............................................................................................................................................................99164

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee710. TERMINATION PROTOCOL AND PROCEDURES.......................................................9916510.1 Termination - LE Client View.............................................................................................................................10016610.1.1 Releasing SVCs..............................................................................................................................................10016710.1.2 LE Client Returns to Configuration Phase......................................................................................................10016810.2 Termination - LE Service View (LES or BUS)..................................................................................................10016910.2.1 LE Server and BUS Actions...........................................................................................................................10017010.2.2 SVC Re-establishment....................................................................................................................................10017110.2.3 LE Client May Have Service Refused or Terminated....................................................................................10017211. USAGE OF ATM ADDRESSES....................................................................................10117311.1 ATM Address Uses Summary..............................................................................................................................10117411.2 LE Client ATM Addresses...................................................................................................................................10217511.2.1 Primary ATM Address....................................................................................................................................10217611.2.2 Use of Primary Address..................................................................................................................................10317711.2.3 Unique ATM Address.....................................................................................................................................10317811.3 LE Server ATM Addresses..................................................................................................................................10317911.3.1 ATM Address Required..................................................................................................................................10318011.3.2 Sharing ATM Address....................................................................................................................................10318111.3.3 When Sharing ATM Address not valid..........................................................................................................10318211.4 Broadcast and Unknown Server ATM Addresses.............................................................................................10318311.4.1 BUS ATM Address Required.........................................................................................................................10318411.4.2 Sharing an ATM Address...............................................................................................................................10318511.4.3 When Sharing ATM Address not valid..........................................................................................................10418611.5 LE Configuration Server ATM Addresses.........................................................................................................10418711.5.1 ATM Address Required..................................................................................................................................10418811.5.2 Sharing an ATM Address...............................................................................................................................10418911.5.3 When Sharing ATM Address not valid..........................................................................................................10419012. APPENDIX.....................................................................................................................10519112.1 Network Management Considerations...............................................................................................................10519212.2 ILMI Extensions for LAN Emulation (ILMI MIB)...........................................................................................10519312.3 State Machine Description of LAN Emulation..................................................................................................10819412.3.1 The LAN Emulation Client.............................................................................................................................10919512.3.2 The LE Configuration Server..........................................................................................................................11919612.3.3 The LAN Emulation Server............................................................................................................................12019712.3.4 The Broadcast and Unknown Server..............................................................................................................12419812.4 Special Topics........................................................................................................................................................12419912.4.1 Maximum Frame Size Calculation.................................................................................................................12520012.4.2 Token Ring Source Routing Information and Structures................................................................................12520112.4.3 PVC Configuration.........................................................................................................................................129202

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee8List of FiguresFIGURE 1. THE LAYERED ARCHITECTURE OF LAN EMULATION.........................................................................19203FIGURE 2. THE LAN EMULATION USER TO NETWORK INTERFACE (LUNI).......................................................21204FIGURE 3. BASIC LAN EMULATION CLIENT CONNECTIONS ACROSS LUNI......................................................24205FIGURE 4. LAN EMULATION CLIENT TO LAN EMULATION CONFIGURATION SERVER (LECS)206CONTROL CONNECTION........................................................................................................................................24207FIGURE 5. LAN EMULATION CLIENT TO LAN EMULATION SERVER (LES) CONTROL CONNECTIONS.......25208FIGURE 6. LAN EMULATION CLIENT TO CLIENT DATA CONNECTIONS.............................................................26209FIGURE 7. LAN EMULATION CLIENT TO BUS CONNECTIONS...............................................................................27210FIGURE 8. INITIALIZATION, RECOVERY AND TERMINATING THE ELAN..........................................................29211FIGURE 9. CALL ESTABLISHMENT: READY INDICATE/QUERY.............................................................................31212FIGURE 10. LE CLIENT STATE MACHINE (INITIALIZATION)................................................................................109213FIGURE 11. LE CLIENT STATE MACHINE (JOIN, LE_ARP)......................................................................................111214FIGURE 12. REGISTRATION STATE MACHINES.......................................................................................................113215FIGURE 13. LAN DESTINATION STATE MACHINES (LE_ARP)..............................................................................114216FIGURE 14. LAN DESTINATION STATE MACHINES (DIRECT SETUP).................................................................115217FIGURE 15. LE CONFIGURATION SERVER STATE MACHINE................................................................................119218FIGURE 16. LAN EMULATION SERVER (JOIN)..........................................................................................................120219FIGURE 17. LAN EMULATION SERVER (REGISTRATION)......................................................................................121220FIGURE 18. BROADCAST AND UNKNOWN SERVER................................................................................................124221FIGURE 19. SOURCE ADDRESS FIELD........................................................................................................................126222FIGURE 20. ROUTING INFORMATION FIELD CONTENT.........................................................................................127223FIGURE 21. ROUTING INFORMATION FIELD FORMAT...........................................................................................127224FIGURE 22. ROUTE DESCRIPTOR FORMAT...............................................................................................................128225FIGURE 23. EXTRACTING "NEXT_RD"........................................................................................................................128226

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee9List of TablesTABLE 1. NORMATIVE STATEMENTS..........................................................................................................................16227TABLE 2. AAL PARAMETERS..........................................................................................................................................40228TABLE 3. ATM USER CELL RATE/ATM TRAFFIC DESCRIPTOR..............................................................................42229TABLE 4. BROADBAND BEARER CAPABILITY..........................................................................................................42230TABLE 5. BROADBAND LOW LAYER INFORMATION..............................................................................................43231TABLE 6.QOS PARAMETER.............................................................................................................................................43232TABLE 7. LAN EMULATION DATA FRAME FORMAT FOR IEEE 802.3/ETHERNET FRAMES............................49233TABLE 8. LAN EMULATION DATA FRAME FORMAT FOR IEEE 802.5 FRAMES..................................................50234TABLE 9. CONTROL FRAME............................................................................................................................................51235TABLE 10. CONTROL FRAME HEADER FORMAT.......................................................................................................52236TABLE 11. LAN DESTINATION FIELD FORMAT..........................................................................................................52237TABLE 12. CONTROL FRAME FLAGS VALUES...........................................................................................................52238TABLE 13. CONTROL FRAME STATUS VALUES.........................................................................................................53239TABLE 14. OP-CODE SUMMARY....................................................................................................................................55240TABLE 15. FORMATS FOR IEEE 48 BIT MAC ADDRESS BASED ON LAN TYPE...................................................57241TABLE 16. CONFIGURATION FRAME FORMAT..........................................................................................................66242TABLE 17.CONFIGURATION RESPONSE FRAME - PARAMETER ENCODINGS....................................................68243TABLE 18. JOIN FRAME FORMAT..................................................................................................................................73244TABLE 19. REGISTRATION FRAME FORMAT..............................................................................................................80245TABLE 20. LE_ARP FRAME FORMAT............................................................................................................................87246TABLE 21. LE_NARP FRAME FORMAT.........................................................................................................................88247TABLE 22. TOPOLOGY CHANGE FRAME FORMAT....................................................................................................89248TABLE 23. READY FRAME FORMAT.............................................................................................................................92249TABLE 24. LAN DESTINATION OF TOKEN RING FRAMES.......................................................................................94250TABLE 25. LAN DESTINATION FOR UNICAST SRF TOKEN RING FRAMES..........................................................95251TABLE 26. MAXIMUM DATA FRAME SIZE..................................................................................................................95252TABLE 27. FLUSH FRAME FORMAT..............................................................................................................................99253TABLE 28. ATM ADDRESS USES..................................................................................................................................101254TABLE 29. MAXIMUM FRAME SIZE CALCULATION...............................................................................................125255

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee10

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee111. IntroductionMost data traffic in existing Customer Premises Networks (CPNs) is sent over Local AreaNetworks (LANs), such as Ethernet/IEEE 802.3 and IEEE 802.5 networks. The servicesprovided by today’s LANs differ from those of ATM, for example: 1. The messages may be characterized as connectionless, versus the connection-orientedapproach of ATM; 2. Broadcast and multicast are easily accomplished through the shared medium of a LAN; 3. LAN MAC addresses, based on manufacturing serial numbers, are independent of thenetwork topology.In order to use the vast base of existing LAN application software, it is necessary to define anATM service, herein called "LAN Emulation," that emulates services of existing LANs acrossan ATM network and can be supported via a software layer in end systems.Indeed, if such a LAN Emulation service is provided for an ATM network, then end systems(e.g. workstations, servers, bridges, etc.) can connect to the ATM network while the softwareapplications interact as if they are attached to a traditional LAN. Also, this service will supportinterconnection of ATM networks with traditional LANs by means of today’s bridgingmethods. This will allow interoperability between software applications residing on ATM-attached end systems and on traditional LAN end systems.The LAN Emulation service will be important to the acceptance of ATM, since it provides asimple and easy means for running existing LAN applications in the ATM environment.Networking customers have indicated in recent surveys, including the ATM Forum-sponsoredMcQuillan Consulting survey (June, 1993), [1] that coexistence with existing networks andtransition to ATM need to be addressed. Likewise, the surveys have concluded that ATM forwork group LANs and LAN backbones are the top planned uses. Customers expect tocontinue to use existing LAN applications as they migrate to ATM.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee12To emulate a LAN-like service, different types of emulation can be defined, ranging fromemulating the MAC service (e.g. that of IEEE 802.x LANs) up to emulating the services ofnetwork and transport layers. This specification defines a MAC service emulation, includingencapsulation of MAC frames (user data frames). This approach to LAN emulation providessupport for the maximum number of existing applications.The LAN Emulation Service is one of several B-ISDN services [16]. LAN Emulation is aspecific type of a conversational service for data information.LAN-SPECIFIC CHARACTERISTICS TO BE EMULATEDConnectionless ServicesLAN stations today are able to send data without previously establishing connections. LANEmulation provides the appearance of such a connectionless service to the participating endsystems.Multicast ServicesThe LAN emulation service supports the use of multicast MAC addresses (e.g. broadcast,group, or functional MAC addresses). The need for a multicast service for LAN Emulationcomes from classical LANs where end stations share the same media.Note that supporting broadcast/multicast traffic does not necessarily mean that all messagesaddressed to a multicast MAC address must be distributed to every station. A large number oftoday’s LAN protocols use broadcast or multicast messages. A service could be established tointercept these messages and forward them directly to their destinations instead of broadcastingthem to every station. A simpler alternative would be to forward multicast messages to allstations and then rely upon filtering in those stations, as is done in existing LANs. This simplerapproach is adopted in LAN Emulation.MAC Driver Interfaces In ATM StationsThe main objective of the LAN emulation service is to enable existing applications to access anATM network via protocol stacks like APPN, NetBIOS, IPX, AppleTalk etc. as if they wererunning over traditional LANs. Since in today’s implementations these protocol stacks arecommunicating with a MAC driver, the LAN emulation service has to offer the same MACdriver service primitives, thus keeping the upper protocol layers unchanged.There are today some "standardized" interfaces for MAC device drivers: e.g. NDIS (NetworkDriver Interface Specification)[2], ODI (Open Data-Link Interface)[3] and DLPI (Data LinkProvider Interface)[18]. They specify how to access a MAC driver. Each of them has its ownprimitives and parameter sets, but the essential services/functions are the same. LANEmulation provides these interfaces and services to the upper layers (see Section 3.1).

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee13Emulated LANsIn some environments there might be a need to configure multiple, separate domains within asingle network. This requirement leads to the definition of an "emulated LAN" whichcomprises a group of ATM-attached devices. This group of devices would be logicallyanalogous to a group of LAN stations attached to an Ethernet/IEEE 802.3 or 802.5 LANsegment.Several emulated LANs (ELANs) could be configured within an ATM network, andmembership in an emulated LAN is independent of where an end system is physicallyconnected. An end system could belong to multiple emulated LANs.Since multiple emulated LANs over a single ATM network are logically independent abroadcast frame originating from a member of a particular emulated LAN is distributed only tothe members of that emulated LAN.Interconnection With Existing LANsAs mentioned before, the LAN emulation service provides not only connectivity betweenATM-attached end systems, but also connectivity with LAN-attached stations. This includesconnectivity both from ATM stations to LAN stations as well as LAN stations to LAN stationsacross ATM. MAC layer LAN Emulation is defined in such a way that existing bridgingmethods can be employed, as they are defined today. Note that bridging methods include bothTransparent Bridging and Source Routing Bridging[4].1.1 Purpose of DocumentThis document specifies an implementation agreement for the LAN Emulation Service, includingthe following:• Architectural Framework and Service Interfaces• Service Components and Functions• Frame Formats• Client/Server Protocols and Procedures1.2 TerminologyThe following acronyms and terminology are used throughout this document: AALATM Adaptation LayerAREAll Routes Explorer

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee14ATMAsynchronous Transfer ModeB-LLIBroadband Low Layer InformationBNBridge NumberBPPBridge Port Pair (Source Routing Descriptor)BPDUBridge Protocol Data UnitBUSBroadcast and Unknown ServerCPCSCommon Part Convergence SublayerCPNCustomer Premises NetworkDADestination MAC addressELANEmulated Local Area NetworkIEInformation ElementIEEEInstitute of Electrical and Electronics EngineersIETFInternet Engineering Task ForceIPInternet ProtocolLANLocal Area Network LDLAN DestinationLELAN EmulationLE_ARPLAN Emulation Address Resolution ProtocolLECLAN Emulation ClientLECIDLAN Emulation Client IdentifierLECSLAN Emulation Configuration ServerLESLAN Emulation ServerLSBLeast Significant BitLTHLength FieldMACMedium Access ControlMIBManagement Information BaseMSBMost Significant BitMTUMessage Transfer UnitNDISNetwork Driver Interface SpecificationNSRNon-Source RoutedODIOpen Data-Link InterfaceOSIOpen Systems InterconnectionOUIOrganizational Unit IdentifierPDUProtocol Data UnitQOS/QoSQuality of ServiceRCRouting Control

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee15RDRoute DescriptorRFCRequest For Comment (Document Series)RIRouting InformationRIIRouting Information IndicatorRTRouting TypeSASource MAC address SAPService Access PointSAALSignaling AALSDUService Data UnitSRSource Routing (Bridging)SRFSpecifically Routed FrameSRTSource Routing TransparentSSCSService Specific Convergence SublayerSTESpanning Tree ExplorerTBTransparent BridgingTCPTransmission Control ProtocolTLVType / Length / ValueUNIUser-Network Interface VCCVirtual Channel ConnectionVPCVirtual Path ConnectionVCIVirtual Channel IdentifierVPIVirtual Path Identifier

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee16This document uses normative statements throughout as follows:Table 1. Normative StatementsStatementVerbal Form1RequirementMUST/MUST NOTRecommendationSHOULD/SHOULD NOTPermissionMAY1.3 References [1]McQuillan Consulting, Early Adopters of ATM - A Report to the ATM Forum, June, 1993. [2]3COM/Microsoft, LAN Manager: Network Driver Interface Specification, October 8,1990. [3]Novell Incorporated, Open Data-Link Interface Developer’s Guide, March 20, 1992. [4]ISO/IEC 10038: ANSI/IEEE Std. 802.1D Information processing systems - Local Area Networks - MAC Sublayer Interconnection (MAC Bridges). [5]The ATM Forum, ATM User-Network Interface Specification, Version 3.0, September 10,1993.[6]IEEE Std. 802: IEEE Standards for Local and Metropolitan Area Networks: Overview andArchitecture.[7]ISO / IEC 10039 Information technology - Telecommunications and information exchangebetween systems -Medium access control service definition.[8]ISO 8802-2: ANSI/IEEE Std. 802.2 Information processing systems - Local areanetworks - Part 2: Logical Link Control.[9]ISO 8802-2: ANSI/IEEE Std. 802.5P (Draft) Information processing systems - Local areanetworks - Part 2: Logical Link Control Supplement - Route Determination Entity.[10]ISO / IEC 8802-3: ANSI/IEEE Std. 802.3 Information processing systems - Local areanetworks - Part 3: Carrier sense multiple access with collision detection (CSMA/CD)access method and physical layer specifications.[11]ISO / IEC 8802-5: ANSI/IEEE Std. 802.5 Information technology - Telecommunicationsand information exchange between systems - Local and metropolitan area networks -LAN/MAN-type specific requirements - Part 5: Token ring access method and physicallayer specifications.[12]ISO / IEC 7023 DTR Information technology - Telecommunications and informationexchange between systems - Standard Group MAC Addresses.[13]ISO / IEC 2382-25 Information technology - Vocabulary - Part 25: Local area networks.[14]ITU-T I.363 B-ISDN ATM Adaptation Layer(AAL) Specification, Section 6 (AAL5).

1Verbal forms are based on ISO except for �Requirements,� where ISO uses the terms�SHALL/SHALL NOT� instead of �MUST/MUST NOT� in this document.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee17[15]The Ethernet - A Local Area Network, Digital Equipment Corporation, Intel,and Xerox,AA-K759B-TK, November, 1982.[16]ITU-T Recommendation I.211 Integrated Services Digital Network (ISDN) - GeneralStructure and Service Capabilities - B-ISDN Service Aspects, Geneva, 1991.[17]The ATM Forum, ATM User-Network Interface Version 3.1 (UNI 3.1) Specification, July21, 1994. [18]UNIX International, Data Link Provider Interface (DLPI) Specification, Revision 2.0.0,OSI Work Group, August 1991. [19]ITU-T Recommendation X.6 "Public Data Networks: Services and Facilities: MulticastService Definition" March 1993. [20]IETF, RFC 1577 Classical IP and ARP Over ATM, Network Working Group, January,1994. [21]IETF, RFC 1626 Default IP MTU for use over AAL5, Network Working Group, May,1994.1.4 ATM Network Service AssumptionsThis LAN Emulation Over ATM specification is based on the ATM Forum User-NetworkInterface Specification, Version 3.0 [5] or later. The specification provides example InformationElement codings for UNI 3.0 and 3.1[17].

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee182. Description of LAN Emulation Service2.1 Architectural Overview2.1.1 Basic ConceptsLAN Emulation enables the implementation of emulated LANs over an ATM network. Anemulated LAN provides communication of user data frames among all its users, similar to aphysical LAN. One or more emulated LANs could run on the same ATM network. However,each of the emulated LANs is independent of the others and users cannot communicate directlyacross emulated LAN boundaries. Note that communication between emulated LANs is possibleonly through routers or bridges (possibly implemented in the same end station).This document specifies the operation of a single emulated LAN only. Each emulated LAN is oneof two types: Ethernet/IEEE 802.3 or IEEE 802.5 (Token Ring). Each emulated LAN iscomposed of a set of LAN Emulation Clients (LE Clients, or LECs) and a single LAN EmulationService (LE Service). This LE Service consists of an LE Configuration Server (LECS), an LEServer (LES) and a Broadcast and Unknown Server (BUS). Each LE Client is part of an ATM endstation. It represents a set of users, identified by their MAC Address. The LE Service may be partof an end station or a switch: it may be centralized or distributed over a number of stations.Communication among LE Clients and between LE Clients and the LE Service is performed overATM virtual channel connections (VCCs). Each LE Client must communicate with the LEService over control and data VCCs. Emulated LANs operate in any of the followingenvironments: Switched Virtual Circuit (SVC), Permanent Virtual Circuit (PVC) or mixedSVC/PVC.In a PVC-only LAN there are no call setup and close down procedures; instead layer managementis used to set up and clear connections. In this PVC environment the layer management isresponsible for both setting up and clearing connections and has full responsibility for ensuringthat the emulated LAN functions correctly.2.1.2 Architectural PerspectiveThe architecture of a communication system emphasizes the logical divisions of the system andhow they fit together. This document incorporates the following types of architectural views:

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee19• The (internal) layer interfaces that specify the interaction between the LAN Emulation entityand the other entities within the end-station.• The user-to-network interface that specifies the interaction between an LE Client and the LEService over the ATM network.• "Network-to-network" interfaces are beyond the scope of this document.2.1.2.1 Layer InterfacesIn this architectural model, the layers interact by way of well-defined service interfaces, providingservices as specified in Section 3. In general, the interface requirements are as follows (see Figure1):

Layer Mgt LAN Emulation entity

Connection mgt SSCOP null-SSCS AAL-5 (common part) ATM PHY ATM network

LUNIHigher layer, e.g. LLC or Bridging relay function

Network layer Data Link Layer Physical Layer

... (4)(1)(2)(3)Figure 1. The Layered Architecture of LAN Emulation(1) The interface between the LAN Emulation layer and the Higher layers includes facilities fortransmitting and receiving user data frames.(2) The interfaces between the LAN Emulation layer and the ATM Adaptation Layer (AAL)include facilities for transmitting and receiving AAL-5 frames. AAL-5 utilizes lower layers,including the ATM and PHY. Interface service access points are identified by SAP-IDs (that havea one to one mapping to VCCs).

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee20(3) The interface between the LAN Emulation entity and the Connection management entityincludes facilities to request the setup or release of virtual connections. This entity handles bothSVCs and/or PVCs.(4) The interface between the LAN Emulation entity and the Layer Management entity includesfacilities to initialize and control the LAN Emulation entity and to return status information.2.1.2.2 LAN Emulation User to Network Interface (LUNI)In this architectural model, the LE Clients and the LE Service interact by way of a well definedinterface, using PDUs and implementing protocols as specified later in this document. In general,the interface requirements are as follows (see Figure 2):(1) Initialization: -obtaining the ATM-Address(es) of the LE Services that are available on a particular ATMnetwork, and -joining or leaving a particular emulated LAN specified by the ATM Address of the LEService. -declaring whether this LE Client wants to receive address resolution requests for all theframes with unregistered destinations.(2) Registration: Informing the LE Service of the following: -the list of individual MAC Addresses that the LE Client represents -the list of Source Route descriptors (i.e., Segment/Bridge pairs) that the LE Clientrepresents for Source Route bridging(3) Address resolution: Obtaining the ATM Address representing the LE Client with aparticular MAC Address (Unicast, Broadcast or Segment/Bridge pair).(4) Data transfer: Moving the data from the source to the destination by: -encapsulation of the LE-SDU (Service Data Unit) in an AAL-5 frame and transmission by the LE Client -forwarding the AAL-5 frame by the LE Service (if applicable) -receiving and decapsulating the AAL-5 frame by the LE Client

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee21LANEmulationClientLANEmulationClient LAN Emulation Configuration Server LAN Emulation Server Broadcast and Unknown Server LAN Emulation Service

LAN EmulationUser to NetworkInterface (LUNI)

ATM End SystemATM End SystemFigure 2. The LAN Emulation User to Network Interface (LUNI)2.1.3 Implementation PerspectiveUsers connect to the LAN Emulation service via LE Clients. LE Clients are typicallyimplemented in ATM end stations, either as part of the software driver (between the OperatingSystem and the ATM hardware) or on a special processor that is part of the ATM Adapter (theATM specific hardware).LAN Emulation is expected to be used in either of two configurations:(1) Intermediate Systems (e.g., bridges or routers). These devices enable the communicationamong "legacy" LANs over ATM backbone networks.(2) End Stations (e.g., hosts or PCs). These devices enable the communication between ATM endstations and end stations on "legacy" LAN or among ATM end stations.The LE Service might be implemented in an ATM intermediate system or an end station (e.g., abridge, router or dedicated work station). Alternatively it may be "part of the ATM network",namely, implemented in switches or other ATM specific devices.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee22A possible implementation might be a single (centralized) LE Service. An alternativeimplementation could be a distributed one, e.g., where a number of servers operate in parallel andprovide the redundancy required for error recovery.The LE Service could also be co-located with one or more LE Clients - potentially saving onhardware costs.2.2 LAN Emulation Components2.2.1 EntitiesThe components of an Emulated LAN network include Clients (e.g. ATM workstations and ATMbridges) each having at least one LE Client entity, and the components of the LE Service (an LEServer, a Broadcast and Unknown Server, and a LAN Emulation Configuration Server.).Any of the LAN emulation service components may be distributed over multiple physical entitiesor may be collapsed into fewer physical entities, even a single one. This document does notspecify the means by which multiple physical entities cooperate to share the function of one LANemulation service component.2.2.1.1 LE Client (LEC)The LAN emulation Client is the entity in end systems which performs data forwarding, addressresolution, and other control functions. This provides a MAC level emulated Ethernet/IEEE802.3 or IEEE 802.5 service interface to higher level software and implements the LUNI interfacewhen communicating with other entities within the Emulated LAN.2.2.1.2 LE Server (LES)The LE Server implements the control coordination function for the Emulated LAN. The LEServer provides a facility for registering and resolving MAC addresses and/or route descriptors toATM addresses. Clients may register the LAN destinations they represent with the LE Server. AClient will also query the LE Server when the client wishes to resolve a MAC address and/orroute descriptor to an ATM address. The LE Server will either respond directly to the client orforward the query to other clients so they may respond.2.2.1.3 Broadcast and Unknown Server (BUS)The Broadcast and Unknown Server handles data sent by an LE Client to the broadcast MACaddress (’FFFFFFFFFFFF’), all multicast traffic, and initial unicast frames which are sent by aLAN Emulation Client before the data direct target ATM address has been resolved (before a datadirect VCC has been established).Note, the LAN Emulation architecture supports visibility of a single Broadcast and UnknownServer at the LUNI. All broadcast, multicast and unknown traffic to and from an LE Clientpasses through this single entity. Distributed and redundant implementations of the BUS areexplicitly permitted with this architecture. The multicast server function provided in the BUS isrequired as part of LAN Emulation to provide the connectionless data delivery characteristics ofa shared network to LAN Emulation Clients. The main task is to distribute data with MulticastMAC addresses (e.g. group, broadcast, and functional addresses); to deliver initial Unicast data,where the MAC address hasn�t been resolved to a direct ATM connection; and to distribute datawith explorer Source Routing information.The multicast function provided in the BUS may be implemented by an underlying ATMMulticast Service (or some other mechanism). The BUS multicast function is assumed to beconsistent with ITU-T Recommendation X.6 Multicast Service Definition [19].

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee23An LEC sends data frames to the BUS which serializes the frames and re-transmits them to agroup of attached LECs. Serialization is required to prevent AAL5 frames from different sourcesfrom being interleaved.In an SVC environment the BUS needs to participate in the LE Address Resolution Protocol(LE_ARP) to enable a LEC to locate the BUS. The BUS also handles ATM connections andmanages its distribution group.This BUS must always exist in the Emulated LAN and all LECs must join its distribution group.2.2.1.4 LE Configuration Server (LECS)The LE Configuration Server implements the assignment of individual LE clients to differentemulated LANs. Based upon its own policies, configuration database and information provided byclients, it assigns any client which requests configuration information to a particular emulatedLAN service by giving the client the LES’s ATM address. This method supports the ability toassign a client to an emulated LAN based on either the physical location (ATM address) or theidentity of a LAN destination which it is representing.It is optional for the LEC to obtain information from the LECS using the configuration protocol.The LECS allows the LEC to automatically configure.2.2.2 ConnectionsA LAN Emulation Client has separate VCCs for control traffic such as LE_ARP requests and fordata traffic to transfer encapsulated IEEE 802.3 or IEEE 802.5 frames. Each VCC carries trafficfor only one Emulated LAN. The VCCs form a mesh of connections between the LECs and otherLAN Emulation entities such as the LECS, LES and the BUS.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee24BridgeLAN EmulationClient [LEC]W o r k s t a t i o nLAN EmulationClient (LEC)LAN Emulation Server( L E S )

Broadcast and UnknownServer (BUS)

Legacy LAN

LUNI Interface

LAN Emulation ConfigurationS e r v e r(LECS)

Figure 3. Basic LAN Emulation Client Connections across LUNIFigure 3 shows an example of the set of connections across the LUNI interface in a simpleconfiguration of two LECs, the LECS, the LES and the BUS. Other combinations may exist. Seeadditional explanation below.2.2.2.1 Control ConnectionsA Control VCC links the LEC to the LECS. Control VCCs also link the LEC to the LES andcarry LE_ARP traffic and control frames. The control VCCs never carry data frames. ControlVCCs are set up as part of the LEC initialization phase and are shown in Figure 4 and 5.Configuration DirectVCCLAN EmulationClient (LEC)LAN EmulationConfiguration Server(LECS)

Figure 4. LAN Emulation Client to LAN Emulation Configuration Server (LECS) ControlConnection2.2.2.1.1 Configuration Direct VCCThis bi-directional VCC may be set up by the LEC (or other entity) as part of the LECS Connectphase and is used to obtain configuration information, including the address of the LES. Theentity may still maintain this VCC while participating in the emulated LAN. It may continue tokeep it open for further queries to the LE Configuration Service while participating in the

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee25Emulated LAN. The Configuration Direct VCC may be used to inquire about an LE Client otherthan the one to which the Configuration Direct VCC is attached. This connection is signaledusing B-LLI to indicate it carries "LE Control" packet formats (see Signaling Section 3.3.2).LAN EmulationClient (LEC)LAN Emulation Server(LES)

Control Direct VCCPoint to Point Bidirectional VCC.The LES is not required to use thepath to the LEC.

Control Distribute VCCPoint to Multipoint VCC or UnidirectionalPoint to Point VCC.Setup of this VCC is optional for the LES.Figure 5. LAN Emulation Client to LAN Emulation Server (LES) Control Connections2.2.2.1.2 Control Direct VCCThe LEC sets up a bi-directional point-to-point VCC to the LES for sending control traffic. Thisis set up by the LEC as part of the initialization phase. Since the LES has the option to use thereturn path to send control data to the LEC, this requires the LEC to accept control traffic fromthis VCC.The LEC and LES must maintain this VCC while participating in the Emulated LAN.2.2.2.1.3 Control Distribute VCCThe LES may optionally set up a unidirectional point-to-point or point-to-multipoint controlVCC to the LEC for distributing control traffic. This VCC may be set up by the LES as part ofthe initialization phase. If set up, the LEC is required to accept the Control Distribute VCCregardless of type.The LEC and LES must maintain this VCC while participating in the Emulated LAN.2.2.2.2 Data ConnectionsData VCCs connect the LECs to each other and to the Broadcast and Unknown Server. Thesecarry Ethernet/IEEE 802.3 or IEEE 802.5 data frames as well as flush messages (defined later).Apart from flush messages, data VCCs never carry control traffic.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee26LAN EmulationClient (LEC)LAN EmulationClient (LEC)LAN EmulationClient (LEC)

Data Direct VCCPoint to Point bidirectional data VCCsto other LAN Emulation Clients.

Figure 6. LAN Emulation Client to Client Data Connections2.2.2.2.1 Data Direct VCCBi-directional point to point VCCs are established between LECs that want to exchange unicastdata traffic. Figure 6 illustrates the Data Direct VCC. Connections from an LE Client to theBUS are shown in Figure 7.When an LE Client has a packet to send and the ATM address for that destination is unknown,the LE Client shall generate an LE_ARP request to ascertain the ATM address for thatdestination. Once the LEC receives a reply to the LE_ARP it shall set up a point-to-point VCC,if not already established, over which to send all subsequent data to that LAN destination.The LAN emulation client that issues an LE_ARP request and receives an LE_ARP response isresponsible for initiating the signaling to establish this bi-directional Data Direct VCC with theresponding client named in the LE_ARP response.If the client has insufficient resources to set up a Data Direct VCC it must not continue to sendframes to the Broadcast and Unknown Server that it should have sent on the Data Direct VCC. Inthis case it should tear down an existing Data Direct VCC to another Client in order to free upresources to allow the new Data Direct VCC to be set up.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee27 LAN Emulation Client (LEC) Broadcast and Unknown Server (BUS)

Multicast Send VCC Bidirectional Point to Point data VCC Multicast Forward VCC Point to Multipoint or unidirectional Point to Point data VCCFigure 7. LAN Emulation Client to BUS Connections2.2.2.2.2 Multicast Send VCCAn LEC sets up a bi-directional point-to-point Multicast Send VCC to the BUS. This VCC is setup using the same process as for Data Direct VCCs. The LEC first sends an LE_ARP and, whenit receives the LE_ARP response, initiates signaling to establish this bi-directional VCC (theMulticast Send VCC) to the BUS.This VCC is used for sending multicast data to the BUS and for sending initial unicast data. TheBUS may use the return path on this VCC to send data to the LEC, so this requires the LEC toaccept traffic from this VCC.The LEC must maintain this VCC while participating in the Emulated LAN.2.2.2.2.3 Multicast Forward VCCAfter the LEC has set up the Multicast Send VCC, the BUS initiates the signaling for theMulticast Forward VCC to the LEC. This VCC is used for distributing data from the BUS. Itcan be either a point-to-multipoint VCC or a unidirectional point-to-point VCC. The LEC isrequired to accept the Multicast Forward VCC regardless of type. A Multicast Forward VCCfrom the BUS must be established before a LEC participates in the Emulated LAN.The LEC must attempt to maintain this VCC while participating in the Emulated LAN.The BUS may forward frames to a LEC on either the Multicast Send VCC or the MulticastForward VCC. A LEC will not receive duplicate frames forwarded from the BUS on both theMulticast Send and the Multicast Forward VCC, but must be able to accept frames on eitherVCC.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee282.3 Functions of the LAN Emulation Service2.3.1 InitializationThis section discusses the Initial state, the Configuration function and the Join phase function.The Initial state refers to the parameters that are configured at the "beginning of time". Theinitialization is completed after the Join and Initial Registration processes have completed and theconnections to the BUS have been established. At this point the LE Client becomes operational(See Figure 8. Initialization, Recovery and Terminating the ELAN.2.3.1.1 Initial StateIn the Initial State there are parameters (such as addresses, Emulated LAN name, max frame size,etc.)2 that are known to the LE Server and LE Clients, respectively, about themselves, beforeparticipating in the Configuration and Join phase functions.2.3.1.2 LECS Connect PhaseIn the LECS Connect Phase, the LE Client establishes a Configuration Direct VCC to the LEConfiguration Server.2.3.1.3 Configuration PhaseThis is the phase in which the LE Client discovers the LE Service in preparation for the Joinphase. In its simplest form the LE Client may use preconfigured parameters. If the LECsupports the optional LE Configuration protocol, it can use this to discover the LE Service.2.3.1.4 Join PhaseIn the Join phase of ATM LAN emulation initialization, the LE Client establishes its controlconnections to the LE Server. The Join procedure may have two outcomes: success or failure.Once the Join phase has successfully completed, the LE Client has been assigned a unique LEClient identifier (LECID), knows the emulated LAN�s maximum frame size and its LAN type(Ethernet/IEEE 802.3 or IEEE 802.5), and has established the Control VCC(s) with the LEServer.2.3.1.5 Initial RegistrationAfter joining, an LE Client may register any number of MAC addresses and/or RouteDescriptors. This is in addition to the single MAC address that can be registered as part of theJoin phase. Initial Registration allows an LE Client to verify the uniqueness of its local addressesbefore completing initialization and becoming operational.2.3.1.6 Connecting to the BUSIn order to establish a connection to the BUS, the LE Client LE_ARPs for the all ones broadcastMAC address and proceeds to set up the connection. The BUS then establishes the MulticastForward VCC to the LE Client.

2See Section 5.1 for the complete list.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee292.3.1.7 Initialization Phases, Recovery and TerminationThe figure below shows the steps in Initialization and paths for termination and recovery fromvarious phases. The conditions for termination and recovery are discussed in sections whichfollow.Initial StateLECS ConnectConfigureJoinBUS ConnectOperational

Init. Registrationloss of BUS connectionsother failures

Figure 8. Initialization, Recovery and Terminating the ELAN2.3.2 RegistrationThe address registration function is the mechanism by which Clients provide address informationto the LAN Emulation Server. An intelligent LE Server may respond to address resolutionrequests if LECs register their LAN destinations (defined as MAC addresses or, for source routingIEEE 802.5 LANs only, route descriptors) with the LE Server. The LAN destinations may also beunregistered as the state of the client changes. A Client must either register all LAN destinationsfor which it is responsible or join as a Proxy.2.3.3 Address ResolutionAddress resolution is the procedure by which a client associates a LAN destination with theATM address of another client or the BUS. Address resolution allows clients to set up datadirect VCCs to carry frames.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee30When a LAN emulation client is presented with a frame for transmission whose LAN destinationis unknown to that client, it must issue a LAN emulation address resolution protocol (LE_ARP)request frame to the LES over its control point-to-point VCC.The LES may either (1) forward this LE_ARP frame to the appropriate client(s) using the controldistribute VCC or one or more Control Direct VCCs. Different LES implementations may usedifferent distribution algorithms. If a client responds to a forwarded LE_ARP request with anLE_ARP reply, that reply is also sent and relayed over the control VCCs to the originalrequester.Or alternatively (2), instead of forwarding the LE_ARP, the LES may issue an LE_ARP reply onbehalf of a client that has registered the requested LAN destination with the LES.A LAN emulation client must respond to an LE_ARP request that it receives asking for a LANdestination it has registered with the LES, or for which it is a proxy.Each LE Client maintains a cache of LE_ARP replies, and uses a two-period time-outmechanism to age entries in this cache. The Aging Time period is used for all entries learnedfrom LE_ARP responses whose FLAGS field�s Remote Address flag was zero. That is,responses for registered LAN destinations are always timed out with the Aging Time. For agingentries learned from LE_ARP replies with the Remote Address FLAGS bit set to 1 and forentries learned by observing source addresses on Data VCCs, which time-out to use isdetermined by the state of the LE Client’s Topology Change flag. When this flag is SET, suchentries are aged using the Forward Delay Time. When this flag is CLEAR, such entries are agedusing the Aging Time parameter. The state of this flag may be altered either by localmanagement action or by reception of LE_TOPOLOGY_REQUEST messages (see Section 7.1).2.3.4 Connection ManagementIn switched virtual connection (SVC) environments the LAN Emulation entities (e.g. LEC, LESand BUS) set up connections between each other using UNI signaling. The connections at aminimum use best effort quality of service. The method of connection set up is summarized asfollows:2.3.4.1 Call EstablishmentSo that the called party can initiate data transfer on a Data Direct VCC, the ATM layer callestablishment procedures are augmented by additional protocol.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee31Calling Party

Call Request1st Switch

Last Switch

Called Party

} Initialize VCC & SAR

Connect

Connect Ack Initialize VCC & SAR{

Ready Ind.(if timer expires)

Ready Query

Ready Ind.(start timer) Figure 9. Call Establishment: Ready Indicate/QueryIn Figure 9, the SETUP, CONNECT, and CONNECT_ACK messages are the SVC call setupmessages [5,17]. The READY_IND. and READY_QUERY messages are defined in thisspecification.When a call is being set up the called party must not send its CONNECT message until it isready to receive frames on the new VCC. Thus, the calling party should be able to assume that itcan transmit frames after it has received the CONNECT message.Since the CONNECT_ACK message which is received by the called party may be generated byits local switch and is not an end-to-end indication from the calling party, it may be received bythe called party before the calling party has received its CONNECT message. The calling partycan only set itself up to receive frames on the VCC after it receives a CONNECT message whichindicates the allocation of VPI/VCI numbers. Thus, there is no guarantee for the called party thatits initial data will be received by the calling party until it receives some end-to-end indicationfrom the far end.The calling party must send a READY_IND message as soon as it is ready to receive frames onthe newly-established VCC. At that point, the calling party considers call establishment to becomplete. The calling party may also send data as soon as it is ready to receive frames on thenewly-established VCC. Data may be sent before or after the sending of the READY_IND.Of course, it is possible that the READY_IND message may be lost. To recover, the called partyis responsible for timing the arrival of the READY_IND message. If the timer expires, the calledparty sends data or a READY_QUERY message on the VCC. Either party shall always respondto receipt of a READY_QUERY message on an active VCC by transmitting a READY_INDmessage.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee322.3.4.2 Tear down & Time Out of VCCsIf a Control Direct VCC or Control Distribute VCC is ever released, an LE Client must alwaysreturn to the LECS Connect phase of Initialization (See Section 5.2.). If either BUS VCC is lostwhile the LE Client is participating in the ELAN, the LE Client may return to the BUS ConnectPhase or go to the termination phase(See Section 10) and restart (depending on Cause Code, seeFigure 8 and relevant text in Section 5.6.1.1.4).2.3.5 Data TransferThe types of paths used for data frames in the emulated LAN are:ÆData Direct VCCs between individual LAN emulation clients;ÆMulticast Send and Multicast Forward VCCs that connect clients to the BUS.2.3.5.1 Unicast FramesWhen a LAN Emulation client has established via the address resolution mechanism that acertain LAN destination corresponds to a certain ATM address, and when that client knows it hasa Data Direct VCC to that ATM address, then a frame addressed to that LAN destination must beforwarded via that Data Direct VCC.If a LAN Emulation client does not know which Data Direct VCC to use for a given unicastLAN destination, or if that Data Direct VCC has not yet been established, it may elect to transmitthe frame over the Multicast Send VCC to the Broadcast and Unknown Server. The Broadcastand Unknown Server, in turn, forwards the frame to at least the client for which it is destined. Ifthe LAN destination is unregistered then the frame must be forwarded to at least all proxy clientsand may be forwarded to all clients.On an emulated LAN, the case can arise where a frame can only reach its destination through anIEEE 802.1D transparent bridge, and that bridge does not know the whereabouts of thatdestination. The only way such a frame can be assured of reaching its destination is for the frameto be transmitted to all of the IEEE 802.1D transparent bridges via the Broadcast and UnknownServer so that they, in turn, can flood that frame to all of their other bridge ports, or at least theones enabled by the spanning tree protocol. An LE client that chooses not to forward frames tothe Broadcast and Unknown Server, therefore, may not be able to reach destinations viatransparent bridges (or perhaps other proxy agents.)2.3.5.2 Multicast FramesLAN emulation clients may wish to send frames to a multicast MAC address, and/or they maywish to receive frames addressed to a given multicast MAC address. In order to send frames to amulticast MAC address, an LE Client MUST send the frames to the BUS. The address resolutionmechanism is used during the initialization process to provide the ATM address of the BUS formulticast and broadcast traffic, and connection management will provide a point-to-pointMulticast Send VCC over which to send such frames.All that is required in order for the LEC to receive frames addressed to a given multicast MACaddress, is for the LE Client to connect to the BUS, after which the BUS will try to set up areturn path for all broadcast and multicast traffic. When a client connects to the BUS, the BUSwill try to establish a Multicast Forward VCC to that client. It is expected that Multicast ForwardVCCs will be unidirectional point-to-multipoint VCCs, but they may be implemented as point-to-point VCCs. This decision is left to the LAN Emulation service, not to the client.An LE Client will receive all flooded unicast frames and all broadcast and multicast frames overeither its Multicast Send VCC or its Multicast Forward VCC. Which VCC the BUS uses toforward frames to the LE Client on is at the discretion of the BUS. An LE Client will not,however, receive duplicate frames.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee33The LAN Emulation Header of any data frame sent from a client to the BUS must either containthe value 0 or the unique LECID value assigned to that client. The BUS is required to preservethe LAN Emulation Header of a relayed frame. Thus, a client can identify and filter frameswhich it sent by comparing the LECID field to its own LECID value. Note, a transparent bridgeLEC can not reliably use the source MAC address to identify its own BUS traffic.Token-Ring functional addresses are treated just as any other multicast MAC address.2.3.6 Frame OrderingThere may be two paths for unicast frames between a sending LAN emulation client and areceiving client: one via the Broadcast and Unknown Server and one via a data direct VCCbetween them. For a given LAN destination, a sending client is expected to use only one path at atime, but the choice of paths may change over time. Switching between those paths introduces thepossibility that frames may be delivered to the receiving client out of order. Out-of-order deliveryof frames between two LAN endpoints is uncharacteristic of LANs, and undesirable in an ATMemulated LAN. The flush protocol is provided to ensure the correct order of delivery of unicastdata frames.NOTE: One class of potential LE Clients includes IEEE 802.1D transparent bridges. Thesebridges are required by the IEEE 802.1D specification to deliver all frames in order. Even asequence of frames such as:1.MAC-A -> MAC-B2.MAC-A -> multicast3.MAC-A -> MAC-Bshould be delivered in order to B. In actuality, a great many legacy transparent bridges guaranteeonly that unicast frames will be delivered in order; the multicast frame will likely be deliveredafter frame 3. ATM LAN Emulation can guarantee only the ordering of unicast frames on asingle VCC, and only where the transmitting LE Client implements the Flush protocol. Theordering of a mixed string of unicast and multicast frames on different VCCs under ATM LANEmulation is explicitly not guaranteed.Sending clients may choose to use the flush message protocol or not. In particular, if a sendingclient waits for some period of time for address resolution to work before utilizing the Broadcastand Unknown Server, then out-of-order frames can be minimized at the cost of some delay.Any client receiving a flush request message must respond by sending a flush response messageto the original sender.2.3.7 Source Routing ConsiderationsSource route (SR) bridging is the predominant bridging technology used within IEEE 802.5token ring networks. The use of source routing does not preclude transparent bridging in thesenetworks. A token ring end station will typically use a combination of source routed and nonsource routed frames. The process described in this document allows a LEC to operate with bothsource routing and transparent bridging.In addition to the Destination Address (DA) field and Source Address (SA) field, a source routedframe contains a Routing Information (RI) field. The RI field contains a control field and a listof route descriptors (RD) that indicate the frame’s path through the network. Therefore theinformation in the RI field determines which SR bridges will forward the frame. The LE Clientdetermines if the frame is to be forwarded by a SR bridge or if the LAN destination is a stationon the ELAN.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee34The LE Client determines if the frame is to be forwarded by an SR bridge or if the LANdestination is a station on the local emulated LAN by examining the RI field. If the LANdestination is accessible through an SR bridge then the LAN destination is the Next RouteDescriptor (Next_RD), otherwise, the LAN destination is the frame’s Destination Address.Frames with specifically routed source routing information (an SRF frame) and Unicastdestination MAC addresses are sent down Data Direct VCCs following the usual LE_ARP andVCC setup process. Other source routing frames are sent to the BUS.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee353. LAN Emulation Service SpecificationThis section specifies the service interfaces between the LAN Emulation entity and the Higherlayer, AAL, Connection Management and Layer Management entities. The services are describedin an abstract way and do not imply any particular implementation, or any exposed interface.3.1 LE to Higher Layer ServicesThese services apply only to the LE Client. The higher layer could be LLC (or equivalent) or abridging relay function. The services provide the capability to exchange user data frames over theLAN Emulation service. Service definitions are compatible with ISO 10039 [7] servicearchitecture and ISO 10038 [4] MAC Bridging standard.3.1.1 LE_UNITDATA.requestThis primitive requests the transfer of data from a local entity to a single peer entity, or multiplepeer entities in case of group addresses.The semantics of this primitive are as follows:LE_UNITDATA.request (destination_address,source_address,routing_information {if applicable},frame type {if applicable},data,priority {if applicable},)The destination_address parameter may specify either an individual or a group MAC address. Thesource_address parameter is an individual MAC address that specifies the source. The

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee36routing_information parameter applies only to Token Ring emulation. It will be transmitted by theLAN Emulation entity. The data parameter specifies the data unit to be transmitted by the LANEmulation entity. It should include enough information to derive the length of the data parameter.The frame type is either IEEE 802.3 or Ethernet (if applicable). The priority parameter indicatesthe priority requested by the higher layer (if applicable).This primitive is generated by the Higher layer whenever it has data to be transferred to a peerentity or entities. A mapping of MA_UNITDATA.request for endstations andM_UNITDATA.request for bridges to LE_UNITDATA.request will be needed [4,7].The receipt of this primitive will cause the LAN Emulation entity to effect transfer of the data tothe appropriate peer LAN Emulation entity or entities.3.1.2 LE_UNITDATA.indicationThis primitive defines the transfer of data from the LAN Emulation entity to the higher layer.The semantics of this primitive are as follows:LE_UNITDATA.indication (destination_address,source_address,routing_information {if applicable},frame type {if applicable}data,priority {if applicable},service class {if applicable},)The destination_address parameter may be either an individual or group address as specified bythe incoming frame. The source_address parameter is an individual address as specified by theincoming frame. The routing_information (if applicable) and the data parameters specify the dataunit as received by the LAN Emulation entity. The frame type is either IEEE 802.3 or Ethernet (ifapplicable). The priority (if applicable) parameter is derived from the incoming data unit.The LE_UNITDATA.indication is passed from the LAN Emulation layer to the Higher layer toindicate the arrival of a frame. Such frames are reported only if they are validly formed andreceived without error.The effect of receipt of this primitive is unspecified. A mapping of LE_UNITDATA.indicate toMA_UNITDATA.indicate for endstations and M_UNITDATA.indicate for bridges will beneeded [4,7].3.2 LAN Emulation to AAL ServicesThese services apply to the LE Clients and the LE Service. These services provide the capabilitiesto transfer frames between peer LAN Emulation layers. This specification assumes a null SSCSlayer, i.e., the SSCS provides for the mapping of the equivalent primitives of the AAL and CPCS.The common part of AAL-5 makes use of the services provided by the underlying ATM layer.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee37A LAN Emulation entity includes the following AAL service interfaces, each identified by adistinct SAP-ID. Each LE Client includes the following SAPs:(1) One or two control SAPs that handle initialization, registration and address resolution.(2) Two or more data forwarding SAPs.(3) Zero or one control SAPs that handle configuration.3.2.1 AAL_UNITDATA.requestThis primitive provides the capability to transfer the AAL_SDU from one LAN Emulation layerto a peer LAN Emulation layer, or multiple LAN Emulation layers.The semantics of this primitive are as follows:AAL_UNITDATA.request(SAP_IDpayload)The SAP-ID specifies the point-to-point or point-to-multipoint VCC. The payload parameterspecifies the data unit to be transmitted by AAL-5.This primitive is generated by the LAN Emulation entity whenever it has data to be transferred toa peer entity or entities.The receipt of this primitive will cause the AAL-5 entity to transmit the payload on the specifiedconnection.3.2.2 AAL_UNITDATA.indicationThis primitive provides the capability to transfer data from the AAL-5 entity to the LANEmulation layer.The semantics of this primitive are as follows:AAL_UNITDATA.indication(SAP_IDpayload)The SAP_ID identifies the VCC on which data was received . The payload parameter specifiesthe data unit as received and reassembled by the AAL-5 entity.The AAL_UNITDATA.indication is passed from the AAL-5 layer to the LAN Emulation layer toindicate the arrival of a frame. Such frames are reported only if they are completely reassembledand received without error.The received payload is processed by the LAN Emulation entity or passed to the higher layer.3.3 Connection Management Services

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee38These services apply to the LE Clients and the LE Service.The conceptual model assumed by the LAN Emulation layer was illustrated in Figure 1: the ConnectionManagement may use either PVCs or SVCs and provides the primitives described below in sections 3.3.2.1through 3.3.2.4 (this is labeled as interface (3) in Figure 1). In particular, the Connection Management moduleprovides a mapping from { near-end ATM address, far-end ATM address, B_LLI } to VPI/VCI.3.3.1 Permanent Virtual Circuits (PVCs)For PVCs, connection management selects a connection based upon the assumption that eachavailable connection is identified by a near-end ATM address, a far-end ATM address and aB_LLI value.The method of determining this per-PVC information is outside the scope of this specificationbut is presumably accomplished by network management or local configuration.In PVC or mixed SVC/PVC environments, LE Client hosts needs to be configured to knowÆWhich PVCs are available for LE Client use.ÆWhich LE Clients are associated with these PVCs.ÆWhich local and remote ATM addresses are associated with these PVCs.• Which B-LLI values are associated with these PVCs.3.3.2 Switched Virtual Circuits (SVCs)Connection management of SVCs uses the UNI Signaling protocol. Connection managementperforms the following services for SVCs.3.3.2.1 SETUPThis service provides initial call establishment. It receives an ATM Address and establishes avirtual connection, identified by a SAP-ID. It includes the following UNI calls:CALL_SETUP invoke(Causes a SETUP message to be sent)CALL_SETUP signal(Indicates a SETUP message has been received)CALL_CONNECT invoke(Causes a CONNECT message to be sent)CALL_CONNECT signal(Indicates a CONNECT message has been received)CALL_CONNECT_ACKNOWLEDGE invoke(Causes a CONNECT_ACKNOWLEDGE message to be sent)CALL_CONNECT_ACKNOWLEDGE signal(Indicates a CONNECT ACKNOWLEDGE message has been received)3.3.2.2 RELEASEThis service is used to request the network to clear an end-to-end connection (if any), identifiedby a SAP-ID. It includes the following UNI calls:CALL_RELEASE invoke(Causes a RELEASE message to be sent)

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee39CALL_RELEASE signal(Indicates a RELEASE message has been received)CALL_RELEASE_COMPLETE invoke(Causes a RELEASE COMPLETE message to be sent)CALL_RELEASE_COMPLETE signal(Indicates a RELEASE COMPLETE message has been received)3.3.2.3 ADD PARTYThis service provides the capability to add a party to an existing connection. It includes thefollowing UNI calls:CALL_ADD_PARTY invoke(Causes an ADD PARTY message tobe sent)CALL_ADD_PARTY signal(Indicates an ADD PARTY message hasbeen received)CALL_ADD_PARTY_ACKNOWLEDGE invoke(Causes an ADD PARTY ACKNOWLEDGEmessage to be sent)CALL_ADD_PARTY_ACKNOWLEDGE signal(Indicates an ADD PARTY ACKNOWLEDGE message has been received)CALL_ADD_PARTY_REJECT invoke(Causes an ADD PARTY REJECT message to be sent)CALL_ADD_PARTY_REJECT signal(Indicates an ADD PARTY REJECT message has been received)3.3.2.4 DROP PARTYThis service is used to drop (clear) a party from an existing point-to-multipoint connection. Itincludes the following UNI calls:CALL_DROP_PARTY invoke(Causes a DROP PARTY message to be sent)CALL_DROP_PARTY signal(Indicates a DROP PARTY message hasbeen received)CALL_DROP_PARTY_ACKNOWLEDGE invoke(Causes a DROP PARTY ACKNOWLEDGEmessage to be sent)CALL_DROP_PARTY_ACKNOWLEDGE signal(Indicates a DROP PARTY ACKNOWLEDGE message has been received)3.3.2.5 Addressable ComponentsLAN Emulation is composed of five types of connections. The first carries the LAN Emulationcontrol protocol, and the other four types carry Ethernet/IEEE 802.3 and IEEE 802.5 formattedframes. When an end system receives a SETUP message indicating an incoming call, it needs tohave sufficient information within the message in order to "bind" the call to the appropriate

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee40application and instance. Sufficient information is required to distinguish between the differenttypes of LAN Emulation VCCs such as Ethernet/IEEE 802.3, IEEE 802.5 and Control VCCs andbetween other applications using ATM such as RFC 1577 �VC-multiplexed style connections.�This is accomplished by the use of several layers of ATM’s addressing hierarchy.LAN Emulation uses a combination of B-LLI values and ATM addresses to distinguish betweenVCCs of different types and between different LAN Emulation entities. An LE Client and otherLAN Emulation components need to examine the calling and called party numbers and the B-LLIvalues to identify the type of VCC, to identify the LAN emulation components, and to distinguishbetween LAN Emulation and other ATM applications. ATM addresses that differ only in theselector (SEL) octet are recognized as different ATM addresses in the context of LAN emulation.Details are covered in the following sections.3.3.2.6 Connection Establishment OverviewThe call and connection procedures in the UNI (Sections 5.5 and 5.6 of the UNI 3.0 and 3.1)apply. The following discussion details the content of the SETUP, CONNECT, RELEASE andRELEASE COMPLETE messages.In general, if a required information element is not present, the call SHOULD be rejected.Note, other information elements described in the UNI specification may be also be present.3.3.2.7 SETUP Message ContentsThe SETUP message is formatted by the calling party. It is received by the called party. Allinformation elements provided MUST be transported by the network within the Private UNI.Signaling does not guarantee that all elements are transported by a Public UNI.For all information element encodings, in UNI 3.1 the spare bit of octet 2 of the informationelement has been deleted and the Action Indicator in octet 2 is now expanded to 3 bits andrenamed to IE Action Indicator. A UNI 3.0 implementation SHOULD insure that the spare bit ofthe Action Indicator is set to 0 to insure that future use of information element encodings work asexpected under UNI 3.1. Information elements with the IE Action Indicator field equal to binary100 are reserved in UNI 3.1 and MUST be rejected.3.3.2.7.1 AAL ParametersThis information element3 MUST be used in the SETUP message.Table 2. AAL Parameters

3Reference: Section 5.4.5.5 of [5, 17]

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee41FieldValueAAL Type5 (for AAL5)Forward Maximum CPCS-SDU SizeControl: 1516 octets for LE ConfigurationDirect VCCs, LE Control Direct and LEControl Distribute VCCs.Data: one of the standard AAL-5 SDU Max.octet values from Table 26.Backward Maximum CPCS-SDU SizeSame as Forward Maximum CPCS-SDU SizeMode41 (Message mode)SSCS Type0 (Null SSCS)Note: For implementations based on UNI 3.0, the Mode field MUST be present following theBackward Maximum CPCS-SDU Size field. This field MUST NOT present for UNI 3.1. TheMode value MUST be 1 (this is for message mode). UNI 3.0 implementations may have amaximum number of 20 bytes in the AAL Parameters information element. UNI 3.1implementations may have up to 21 bytes in the AAL Parameters information element.3.3.2.7.2 ATM User Cell Rate /ATM Traffic DescriptorThe term �ATM User Cell Rate� is used in UNI 3.0, whereas the term �ATM Traffic Descriptor�is used in UNI 3.1.This information element5 MUST be present. Only the parameters needed are included. The onesthat are not needed are those that specify the peak rate with CLP=0 and the sustainable cell rateand maximum burst size parameters. The parameters shown below are for Best Effortconnections. It is possible that the calling end system may wish to create a connection with adifferent cell rate.6When the called party rejects a call based on User-Cell Rate parameters the following actionsMAY be taken:If, in response to a SETUP message, a calling endsystem receives a RELEASECOMPLETE message, or a CALL PROCEEDING message followed by a RELEASEmessage, with Cause code (UNI 3.0 Cause #51, User cell rate unavailable, or UNI 3.1Cause #37, User Cell Rate not available), it MAY examine the diagnostic field of theCause IE and re-attempt the call after selecting smaller values for the parameter(s)indicated. If the RELEASE COMPLETE or RELEASE message is received withCause code (UNI 3.0 or 3.1 Cause #73, Unsupported combination of traffic parameter),it MAY try other combinations from the ATM Forum UNI document (for exampleTables 5-7 and 5-8 of UNI 3.0).The called endsystem SHOULD examine the ATM User Cell Rate /ATM trafficdescriptor IE in the SETUP message. If it is unable to process cells at the ForwardPCR indicated, it SHOULD clear the call (UNI 3.0 Cause #51, User cell rateunavailable, or UNI 3.1 Cause #37).

4This field encoding MUST be present for UNI 3.0. The field MUST NOT be present in UNI3.1.5Reference: Section 5.4.5.6 of [5, 17]6An end system should not reject a connection just because it is not specified at line rate and BestEffort. It may reject it because it can not support the requested connection.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee42If this information element is not present, the called end system MUST release the call by sendinga RELEASE message with cause #96 (mandatory information element is missing) and MUSTindicate the Information Element Identifier for ATM traffic descriptor (0x59, binary 01011001).Table 3. ATM User Cell Rate/ATM Traffic DescriptorFieldValueForward Peak Cell Rate (CLP=0+1)line rate in cells per secondBackward Peak Cell Rate (CLP=0+1)line rate in cells per secondBest Effort Indicator0xBE3.3.2.7.3 Broadband Bearer CapabilityThis information element7 MUST be used in the SETUP message sent by the calling party. It isused to indicate what kind of network connection is desired. This specification recommends usingService Type X. However as an alternative, Service Type C could be used instead. When thecalling party receives an indication from the network that Service Type X is not supported via aRELEASE or RELEASE COMPLETE message with Cause 57 (Bearer Capability notAuthorized) or Cause 58 (Bearer Capability Not Presently Available), another Broadband BearerCapability MAY be tried.If this information element is not present, the called end system MUST release the call by sendinga RELEASE message with cause #96 (mandatory information element is missing) and MUSTindicate the Information Element Identifier for Broadband bearer capability (0x5E, binary01011110).Table 4. Broadband Bearer CapabilityFieldValueBearer Class16 (BCOB-X)Traffic Type0 (No Indication)Timing Requirements0 (No Indication)Susceptibility to clipping0 (Not susceptible to clipping)User plane connection configuration0 for point-to-point, 1 for point-to-multipoint3.3.2.7.4 Broadband Low Layer InformationThis information element8 MUST be used in the SETUP message. It is used to indicate theprotocol type carried in the connection and the purpose of the connection (Client-to-Client,Client-to-LECS, Client-to-LES, Client-to-BUS). LAN Emulation supports three unique frameformats. The two data frame formats are indicated as "ATM Forum LAN Emulation ...Ethernet/IEEE 802.3" and �ATM Forum LAN Emulation ... IEEE 802.5." The �...� will be either�Data Direct� (for Data Direct VCCs) or �Multicast Send� or �Multicast Forward� (for Multicast

7Reference: Section 5.4.5.7 of [5, 17]8Reference: Section 5.4.5.9 of [5, 17]

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee43VCCs). The control frame format is indicated as "ATM Forum LAN Emulation Control." Theseencodings all use the ATM Forum’s allocated 24-bit OUI. Note that an �ATM Forum LANEmulation Ethernet/IEEE 802.3� format VCC may carry both IEEE 802.3 and Ethernet frames.Table 5. Broadband Low Layer InformationFieldValueUser information layer 3 protocol11 (ISO/IEC TR 9577)ISO/IEC TR 9577 Initial Protocol Identifier64 (SNAP Identifier - 0x80, spread over 2 octets,left justified)Continued from previous OctetContinued (Ext bit is set to 1)SNAP ID0x80 (indicates SNAP and PID follow)SNAP Organizational Unit Identifier 00 A0 3E (ATM Forum OUI)PID0001 for LE Configuration Direct VCC, ControlDirect VCC and Control Distribute VCC0002 for Ethernet/IEEE 802.3 LE Data DirectVCC0003 for IEEE 802.5 LE Data Direct VCC0004 for Ethernet/IEEE 802.3 LE Multicast SendVCC and Multicast Forward VCC0005 for IEEE 802.5 Multicast Send VCC andMulticast Forward VCC3.3.2.7.5 QoS ParameterThis information element9 MUST be used in the SETUP message sent by the calling party. Inrelation to the Best Effort requested connection, the Service Class type 0 is specified. An LECMUST accept Service Class 0 and SHOULD use Class 0.When the called party rejects a call based on requested QoS parameters, the following action maybe taken:If, in response to a SETUP message, a calling endsystem receives a RELEASECOMPLETE message, or a CALL PROCEEDING message followed by a RELEASEmessage, with cause #49, Quality of Service unavailable, it MAY re-attempt the callafter selecting another QoS class.Table 6.QoS ParameterFieldValueQoS Class Forward0 (for Class 0)QoS Class Backward0 (for Class 0)

9Reference: Section 5.4.5.18 of [5, 17]

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee443.3.2.7.6 Called Party NumberThis information element10 MUST be used in the SETUP message sent by the calling party. Allprivate ATM addresses in ATM LAN Emulation control protocols use the ATM Forum UNIPrivate Address Format of 20 octets.The Called Party (and Calling Party) information elements can be more explicitly shown. Forexample:Called Party Number (Private Addresses11)Coding Standard0IE Instruction Field00Length of Called Party20 octetsType of Number0 (for Unknown)Addressing/Numbering Plan2 (binary 0010)(for ATM endsystem address)Coding of public ATM addresses and mapping from private to public ATM addresses arerespectively described in the UNI specification.3.3.2.7.7 Calling Party NumberThis information element12 MUST be used in the SETUP message sent by the calling party forLAN Emulation and the network will transport it across the Private UNI.3.3.2.7.8 Connection IdentifierThis information element indicates what VPI/VCI values have been assigned by the network forthe connection. This information element MUST be present in the SETUP message whenreceived by the called party.3.3.2.8 CONNECT Message ContentsThe CONNECT message is formatted by the called party. It is received by the calling party. It isused primarily to confirm the connection and to ensure that the MTU sizes are in agreement withthe previously established MTU sizes.3.3.2.8.1 AAL ParametersThe called party MAY include the AAL Parameter information element in the CONNECTmessage.If this information element is returned by the network, it SHOULD be checked to ensure that theparameters are unchanged or values that can be accepted. If not, the call SHOULD be released3.3.2.8.2 Broadband Low Layer InformationThe called party MAY include a B-LLI information element in the CONNECT message.

10Reference: Section 5.4.5.11 of [5, 17]11For UNI 3.0 addresses, the format is referred to as �OSI NSAP.� For UNI 3.1 addresses, theformat is referred to as �ATM Endsystem Address.�12Reference: Section 5.4.5.13 of [5, 17]

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee45If this information element is returned from the called party, it MUST be unchanged from thecoding requested in the SETUP message. If not, the call SHOULD be released.3.3.2.8.3 Connection IdentifierThis information element indicates what VPI/VCI values have been assigned by the network forthe connection.3.3.2.9 RELEASE and RELEASE COMPLETE Message ContentsLAN Emulation defines the use of the following Cause Codes to indicate why a VCC is beingreleased. The following encoding is used when explicitly releasing a VCC:Coding Standard00(ITU-TS)IE Instruction Field 0(not significant)Location 0(User)Cause Value161331Normal call clearingNormal, UnspecifiedOther Cause Codes as specified in the UNI may be used under appropriate circumstances.3.4 LAN Emulation to Layer Management ServicesThese services enable initialization and control of the LAN Emulation entities. These servicesdiffer between the LE Clients and the LE Service. A complete list of Initial State Parameters forLE Client and LE Server are listed in Section 5.3.4.1 LE Client Layer Management service3.4.1.1 LM_LEC_INITIALIZE.requestThis primitive is used to configure the LE Client and cause it to join the emulated LAN.The semantics of this primitive are as follows:LM_LEC_INITIALIZE.request(LEC_ATM_address,Server_ATM_address,MAC Address14Configure_mode,LEC_proxy_class,Requested_LAN_type,Requested_max_frame_size,Requested_ELAN_name,Join_time-out )

13This code applies to UNI 3.1 only.14Need not be present.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee46The LEC_ATM_address parameter specifies the ATM address of the LE Client. TheServer_ATM_address parameter specifies the ATM address of the LE Configuration Server(LECS) or the LE Server (LES) dependent on the Configure_mode parameter and may beunspecified if the Configure_mode parameter is �autoconfigure�. The Configure_modeparameter may be �autoconfigure� or �manual� and it specifies if the LEC will auto configure(i.e., attach to an LECS to discover the LES ATM address), or if it is manually configured inwhich case the Server_ATM_address specifies the ATM address of the LES. TheLEC_proxy_class is specified as either �proxy� or �non-proxy�. The Requested_LAN_typeparameter may be �unspecified�, �IEEE802.3/Ethernet�, or �IEEE802.5 Token_ring�. TheRequested_max_frame_size parameter may be �unspecified�, �1516 octets�, �4544 octets�,�9234 octets�, or �18190 octets�. The Requested_ELAN_name may be �unspecified� or thename of the ELAN the client is to join. The Join_time-out is the minimum time that the LECshould wait for a response to its Configuration request or its Join request.This primitive is generated by local management to cause the LEC to join the ELAN.The receipt of this primitive will cause the LE Client to stop operation (release all VCCs), toreset all its internal information, to update the specified parameters, and enter the INITIAL state.If the Configure_mode parameter is �autoconfigure�, then the LEC will start the Configurationphase (5.3), and if it is �manual� the LEC will start the Join phase (5.4).3.4.1.2 LM_LEC_INITIALIZE.confirmThis primitive is used to confirm the Initialize request and indicate if the LEC�s user serviceinterface is functional.The semantics of this primitive are as follows:LM_LEC_INITIALIZE.confirm (Join_status )The Join_status parameter specifies success or the reason for failure of the Initialize request.This primitive is generated by the LEC to indicate the completion of the Initialization request.When the join status is �success,� the LEC service user may start sending and receiving user dataframes.3.4.1.3 LM_LEC_LD_CONTROL.requestThis primitive maintains the LE Client�s database of associated MAC addresses and routedesignators (i.e., the list of addresses the LEC represents and for which it should receive frames).This primitive associates an action to an element of the database allowing the addition orremoval of an element or the clearing of all elements of the same type and class.The semantics of this primitive are as follows:LM_LEC_LD_CONTROL.request(LD_action,LD_type,LD_proxy_class,LAN_destination_address )The LD_action parameter is: add_address, delete_address, or clear_list. The LD_type parameterspecifies multicast, unicast, or route_designator. The LD_proxy_class parameter specifies either

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee47�proxy� or �local�. The LAN_destination_address specifies the address to add or delete. If theaction is clear_list, then the LEC deletes all entries in the database whose attributes match thespecified LD_type and LD_proxy_class. If the local address is added before initialization,registration will occur.The LAN_destination_address for a multicast or unicast LD_type is a 48 bit MAC address. TheLAN_destination for a route_designator LD_type is a 16 bit route designator consisting of a 12bit segment_id and a 4 bit bridge_number. Route designators apply to IEEE802.5 Token Ringemulation and are not required for IEEE802.3/Ethernet emulation .This primitive is generated by Layer Management to modify the LE Client�s address database.Receipt of this primitive will cause the LE Client to add or delete the specified address andregister the change with the LES as appropriate.3.4.1.4 LM_LEC_GET.requestThis primitive is used by Layer Management to read the values of operational parameters/MIBvariables.The semantics of this primitive are as followsLM_LEC_GET.request(Attribute_id )The Attribute_id parameter specifies the attribute. The attribute may indicate any singlevariable/ group of variables available to be read by management.This primitive is generated by Layer Management to read the LE Client�s MIB.Receipt of this primitive will cause the LE Client to generate a LM_LEC_STATUS.indicationwith the requested information.3.4.1.5 LM_LEC_SET.requestThis primitive controls the operation of the LE Client by modifying its operational parameters.The semantics of this primitive are as follows:LM_LEC_SET.request(Attribute_id,Attribute_value )The Attribute_id parameter specifies the attribute and the Attribute_value specifies the newvalue. The Attribute may be any operational parameter or MIB variable that may be modified bymanagement (see 4.1.1).This primitive is generated by Layer Management to cause the LE Client to change operation.Receipt of this primitive will cause the LE Client to change the specified attribute�s value.3.4.1.6 LM_LEC_STATUS.indicationThis primitive is used by the LE Client to report status to the Layer Management entity.The semantics of this primitive are as follows:

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee48LM_LEC_STATUS.indication(status_report )The status_report parameter shall specify appropriate status, including statistics, error counts,etc. This primitive is generated by the LE Client when any of the following events occur: LEService Up, LE Service Down, LM_LEC_GET.request, or LM_LEC_SET.request.3.4.1.7 LM_LEC_TOPOLOGY.requestThis primitive controls the generation of LE Topology Request control frames to the LES and isused to notify other LE Clients of the topology change status. This primitive is invoked, forexample, by an IEEE802.1D transparent bridge when it sends a configuration BPDU.The semantics of this primitive are as follows:LM_LEC_TOPOLOGY.request(Topology_change_status )The Topology_change_status parameter is either �topology_change� or �no_topology_change�.Receipt of this primitive will cause the LE Client to send a Topology Request control frame tothe LES.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee494. LAN Emulation Frame Formats4.1 LE Data FrameTwo data packet formats are used by this specification. One of the two formats MUST be used byan LE Client that conforms to this specification. The first is based on ISO 8802.3/CSMA-CD(IEEE 802.3) and has the format shown in Table 7 below. The minimum LAN Emulation AAL5SDU length for IEEE 802.3/Ethernet format data frames is 62 octets.Table 7. LAN Emulation Data Frame Format for IEEE 802.3/Ethernet Frames0LE HEADERDESTINATION ADDR4DESTINATION ADDRESS8SOURCE ADDRESS12SOURCE ADDRTYPE/LENGTH16andonINFOThe length of the LAN Emulation header is two octets, and it also contains either the LECIDvalue of the sending LE Client or X�0000�. The LAN frame check sequence, FCS, MUST NOTbe included.The second packet format is based on ISO 8802.5 (IEEE 802.5, or Token Ring) and has theformat shown in Table 8 below. The minimum LAN Emulation AAL5 SDU length for IEEE802.5 format data frames is 16 octets.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee50Table 8. LAN Emulation Data Frame Format for IEEE 802.5 Frames0LE HEADERAC PADFC4DESTINATION ADDRESS8DESTINATION ADDRSOURCE ADDRESS12SOURCE ADDR16UPTO46ROUTING INFORMATION FIELDINFOThe length of the LAN Emulation header is two octets, and it also contains either the LECIDvalue of the sending LE Client or X�0000�. The LAN frame check sequence, FCS, MUST NOTbe included.The AC PAD octet is not used in LAN Emulation. This MAY be set to any value on transmit andSHOULD be ignored on receipt.LAN Emulation only allows LLC frames to be sent, therefore the FC octet MUST be of the form�0100YYY� binary, where �YYY� is the priority set by the source LLC and MAY be recovered bythe receiving LLC. This is described in IEEE 802.5 - 1992.4.1.1 Encoding of Ethernet/IEEE 802.3 Type/Length FieldsATM LAN Emulation supports both IEEE 802.2 (LLC) data frames (see [8]) and DIX EthernetEtherType frames (see [15]). Because an ATM Emulated LAN allows data frames larger thanthose allowed on legacy LANs, an LE Client MUST use the following rules to encode theType/Length fields of data frames:1.DIX Ethernet EtherType frames MUST be encoded by placing the EtherType field in theTYPE/LENGTH field. Data following the EtherType field follows the TYPE/LENGTH fieldimmediately.2.LLC data frames whose total length, including the LLC field and data, but not includedpadding required to meet the minimum data frame length, (and not including the FrameCheck Sequence, which is not used in ATM LAN Emulation), is less than 1536 (X�0600�)MUST be encoded by placing that length in the TYPE/LENGTH field. The LLC fieldfollows the TYPE/LENGTH field immediately.3.LLC data frames longer than this maximum MUST be encoded by placing the value 0 in theTYPE/LENGTH field. The LLC data frame follows the TYPE/LENGTH field immediately.When decoding data frames, the following rules MAY be used by an LE Client:1.If the TYPE/LENGTH field is 1536 (X�0600�) or greater, the frame is DIX Ethernetencoded. The TYPE/LENGTH field is the EtherType, and the data follows. The length of thedata may be obtained from the AAL-5 trailer, by subtracting the length of the frame throughthe TYPE/LENGTH field (16). On short frames, this length has a minimum value (46), sopadding octets added to meet the minimum frame size cannot be identified at this level ofdecoding.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee512.If the TYPE/LENGTH field is less than 1536 (X�0600�), the frame is an IEEE 802.2 LLCframe. The LLC field immediately follows the TYPE/LENGTH field.a.If the TYPE/LENGTH field is non-zero, it indicates the length of the data, startingwith the LLC octets. Since this length does not include padding to meet the minimumdata frame length requirement, such padding can be identified.b.If the TYPE/LENGTH field is zero, then the length of the LLC data field may beobtained from the AAL-5 trailer, by subtracting the length of the frame through theTYPE/LENGTH field (16)4.2 LE Control FramesAll LAN Emulation control frames, except for READY_IND and READY_QUERY, use theformat described in Table 9. See Table 23 for the format of READY_IND andREADY_QUERY frames.Table 9. Control Frame0MARKER = X�FF00�PROTOCOL =X�01�VERSION =X�01�4OP-CODESTATUS8TRANSACTION-ID12REQUESTER-LECIDFLAGS16SOURCE-LAN-DESTINATION24TARGET-LAN-DESTINATION32SOURCE-ATM-ADDRESS52LAN-TYPEMAXIMUM-FRAME-SIZENUMBER-TLVSELAN-NAME-SIZE56TARGET-ATM-ADDRESS76ELAN-NAME108TLVs BEGINThe fields common to all frame formats are described in Table 10.In the two fields in a control frame where a LAN Destination is specified, the 8-octet formatdescribed in Table 11 MUST be used. The tag value �not present� MUST only be used whereexplicitly allowed for individual frame formats and protocols. MAC addresses and RouteDesignators are in their �natural� bit/octet order, LSB for Ethernet/IEEE 802.3 or MSB for IEEE802.5, according to the emulated LAN type.Where the emulated LAN type is undetermined, Ethernet/IEEE 802.3 bit ordering MUST beused. There are only three cases where the LAN type may be undetermined:1. LE_CONFIGURE_REQUEST, LAN-TYPE=02. LE_CONFIGURE_RESPONSE, LAN-TYPE=03. LE_JOIN_REQUEST, LAN-TYPE=0

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee52Table 10. Control Frame Header FormatOffsetSizeNameFunction02MARKERControl Frame = X�FF00�21PROTOCOLATM LAN Emulation protocol = X�01�31VERSIONATM LAN Emulation protocol version = X�01�42OP-CODEControl frame type: See Table 14 for a list of values.62STATUSAlways X�0000� in requests. See Table 13 for a list ofvalues.84TRANSACTION-IDArbitrary value supplied by the requester and returned bythe responder to allow the receiver to discriminatebetween different responses.122REQUESTER-LECIDLECID of LE Client sending the request (X�0000� ifunknown).142FLAGSBit flags. See Table 12 for a list of values.1692Meaning of remainder of fields depends on OP-CODE.Table 11. LAN Destination Field FormatOffsetSizeNameFunction02TAGX�0000� = not presentX�0001� = MAC addressX�0002� = Route Descriptor26MAC Address6-octet MAC address if MAC address specified.24RESERVED0, if Route Descriptor specified.62Route DescriptorIf Route Descriptor specified.The Route Descriptor has the coding form �LLLLLLLLLLLLBBBB� binary, where�LLLLLLLLLLLL� is the LAN_ID and �BBBB� is the Bridge number. This is also described inSection 12.4.2.2.Table 12. Control Frame FLAGS ValuesHexNameUseX�0001�Remote AddressLE_ARP_RESPONSE

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee53X�0080�Proxy FlagLE_JOIN_REQUESTX�0100�Topology ChangeLE_TOPOLOGY_REQUESTTable 13. Control Frame STATUS ValuesCode(dec)NameMeaningResponses0SuccessSuccessful responseAll responses1Version NotSupportedVERSION field of request contains a valuehigher than that supported by theresponder.All responses2Invalid requestparametersThe parameters given are incompatiblewith the ELAN.All responses4Duplicate LANDestinationregistrationSOURCE-LAN-DESTINATIONduplicates a previously-registered LANDestinationJoin or Register5Duplicate ATMaddressSOURCE-ATM-ADDRESS duplicates apreviously-registered ATM address.Join or Register6Insufficientresources to grantrequestResponder is unable to grant request forreasons such as insufficient table space orability to establish VCCs.Configure, Joinor Register7Access deniedRequest denied for security reasons.Configure orJoin8InvalidREQUESTOR-IDLECID field is not zero (Configure orJoin) or is not LE Client�s LECID (others).Configure, Join,Register,Unregister,ARP9Invalid LANDestinationLAN Destination is a multicast address or,on an Ethernet/802.3 ELAN, a RouteDescriptor.Configure, Join,Register, ARP,Flush10Invalid ATMAddressSource or Target ATM Address not in arecognizable format.Configure, Join,Register, ARP,Flush20No ConfigurationLE Client is not recognized.Configure21LE_CONFIGUREErrorParameters supplied give conflictinganswers. May also be used to refuseservice without giving a specific reason.Configure22InsufficientInformationLE Client has not provided sufficientinformation to allow the LECS to assign itto a specific ELANConfigure

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee544.3 Control Frame Usage4.3.1 Discarding Invalid FramesFor the purposes of determining validity, a control frame is a frame which has the value256X�FF00� in its MARKER field, X�01� in its PROTOCOL field, X�01� in its VERSION field257and a value from Table 14. OP-CODE Summary258A data frame is a frame that has a value between X�0000� and X�FEFF� inclusive in its LE-HEADER field. A LAN Emulation component that receives any frame that is not, by thesedefinitions, either a data frame or a control frame, MUST discard that frame15, except that1. An LE Server MAY relay such a frame from a Control Direct VCC to a ControlDistribute or Control Direct VCC, and2. A BUS MAY relay such a frame from a Multicast Send VCC to a Multicast ForwardVCC.4.3.2 Request/Response Field UsageIn the tables describing the contents and usage of control frames, some fields are explicitlydefined as having different values in request and response frames. All fields whose descriptionsare not so differentiated MUST be copied verbatim from the request frame to the response frameby any LAN Emulation component that responds to a request.4.3.3 Sender/Receiver Field UsageIn the tables describing control frame field usage, the terms sender and receiver refer to thecomponent performing the transmission or reception of the AAL-5 SDU in question.4.3.4 Response Frame RoutingAn LE Server MUST direct any response frame (control frame with X�01� in the most-significant octet of its OP-CODE field) it receives to at least that LE Client (if any) whoseLECID matches the response frame�s REQUESTER-LECID field.4.3.5 Agreement of Response Frame DestinationsAn LE Server MAY discard an LE_ARP or FLUSH response frame without re-transmitting it ifthe SOURCE-ATM-ADDRESS field and the REQUESTER-LECID field indicate two differentLE Clients, or indicate no operational LE Client in the emulated LAN.4.3.6 Request Frame Source IdentificationAn LE Client MUST put one of its ATM addresses in the SOURCE-ATM-ADDRESS field ofevery request frame (control frame with X�00� in the most-significant octet of its OP-CODEfield) that it transmits. It MUST put its LECID in every request frame except for those thatrequire a 0 LECID (i.e. LE_CONFIGURE_REQUEST and LE_JOIN_REQUEST).4.3.7 Response Frame FilteringAn LE Client MUST discard any LE_CONFIGURE_RESPONSE, LE_JOIN_RESPONSE, orLE_FLUSH_RESPONSE frame in which neither the SOURCE-ATM-ADDRESS nor theREQUESTOR-LECID identify that LE Client. It MAY discard any response frame in which

15 Discarding these control frames should not cause an LE Client to generate a response frame.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee55either of those two fields does not identify the LE Client, except that only the SOURCE-ATM-ADDRESS field can be used on LE_CONFIGURE_RESPONSE and LE_JOIN_RESPONSEframes.4.3.8 Summary of OP-CODEsTable 14. OP-CODE SummaryOP-CODE ValueOP-CODE FunctionX�0001�LE_CONFIGURE_REQUESTX�0101�LE_CONFIGURE_RESPONSEX�0002�LE_JOIN_REQUESTX�0102�LE_JOIN_RESPONSEX�0003�READY_QUERYX�0103�READY_INDX�0004�LE_REGISTER_REQUESTX�0104�LE_REGISTER_RESPONSEX�0005�LE_UNREGISTER_REQUESTX�0105�LE_UNREGISTER_RESPONSEX�0006�LE_ARP_REQUESTX�0106�LE_ARP_RESPONSEX�0007�LE_FLUSH_REQUESTX�0107�LE_FLUSH_RESPONSEX�0008�LE_NARP_REQUESTX�0108�UndefinedX�0009�LE_TOPOLOGY_REQUESTX�0109�Undefined4.4 Byte and Bit OrderThe convention used to describe LAN Emulation frame formats in this document is to expressnumbers in decimal and to picture data in "big-endian" order. That is, fields are described left toright, with the most significant octet on the left and the least significant octet on the right.The order of transmission to the AAL5 layer of the header and data described in this document isresolved to the octet level. Whenever a diagram shows a group of octets, the order oftransmission of those octets is the normal order in which they are read in English. For example,in the following diagram the octets are transmitted in the order they are numbered.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee560 1 2 30 1 2 3 4 5 6 78 9 0 1 2 3 4 56 7 8 9 0 1 2 34 5 6 7 8 9 0 1123456789101112Transmission Order of BytesWhenever an octet represents a numeric quantity the left most bit in the diagram is the high orderor most significant bit. That is, the bit labeled 0 is the most significant bit. For example, thefollowing diagram represents the value 170 (decimal).0 1 2 3 4 5 6 71 0 1 0 1 0 1 0Significance of BitsSimilarly, whenever a multi-octet field represents a numeric quantity the left most bit of thewhole field is the most significant bit. When a multi-octet quantity is transmitted the mostsignificant octet is transmitted first. Hexadecimal values are indicated by the notation X"", e.g.X"0101" = decimal 257.4.5 Media Format of MAC AddressesAn IEEE 48 bit MAC address is a 48 bit binary number. The I/G bit indicates if the address is aunicast (I/G=0) or multicast (I/G=1) address. Conventional Ethernet and Token Ring LANsdiffer in that Ethernet transmits the lsb (least significant bit) of each octet first and Token Ringtransmits the msb (most significant bit) of each octet first. Because of this difference, the formatof the 48 bit MAC address in memory is different for these two media access methods. Thefollowing tables show the formats used for 48 bit MAC addresses in Ethernet and Token RingLAN Emulation. The format used is determined by the LAN Type parameter. The selectedformat is used for both LE Data Frames and LE Control Frames.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee57Table 15. Formats for IEEE 48 bit MAC Address Based on LAN TypeEthernet:Data Bitsmsbd6d5d4d3d2d1lsbOctet 1b7b6b5b4b3b2b1I/GOctet 2b15b14b13b12b11b10b9b8Octet 3b23b22b21b20b19b18b17b16Octet 4b31b30b29b28b27b26b25b24Octet 5b39b38b37b36b35b34b33b32Octet 6b47b46b45b44b43b42b41b40TokenRing:Data Bitsmsbd6d5d4d3d2d1lsbOctet 1I/Gb1b2b3b4b5b6b7Octet 2b8b9b10b11b12b13b14b15Octet 3b16b17b18b19b20b21b22b23Octet 4b24b25b26b27b28b29b30b31Octet 5b32b33b34b35b36b37b38b39Octet 6b40b41b42b43b44b45b46b47

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee585. Initialization Protocols, Procedures and Frame FormatsThe initialization of an LE Client is divided into an Initial state (Section 5.1) and five phases:LECS Connect phase (5.2), Configuration phase (5.3), Join phase (5.4), Initial Registration phase(5.5), and BUS Connect phase (5.6). These five phases MUST be performed in sequence,starting with the LECS Connect phase. Following the completion of the BUS Connect phase, theinitialization procedure is complete, and the LE Client is operational. If the initialization phaseor the operational state terminates abnormally the LE Client MUST return to the Initial state andinform layer management.All five phases of the initialization procedure are required for an LE Client to expect to achievefull interoperability. Note: Provision is made for the LECS Connect and Configuration phases tobe empty, so that their functions can be bypassed for certain applications. The InitialRegistration phase is also an empty phase if the LE Client can perform all needed addressregistration during the Join phase.5.1 Initial State5.1.1 Initial State - LE Client ViewThe initial state of the LE Client is determined by means outside the scope of this document. Thestate of the variables defined in this section after the orderly termination of an LE Client, or itsabnormal termination from any initialization or operational phase, is an implementation issue notaddressed in this specification.Certain of the parameters, below, contain �minimum�, �maximum�, and/or �default� values. Avariable MUST NOT be set to a value smaller than its minimum value or larger than itsmaximum value. Most ATM Emulated LANs, if composed entirely of LAN Emulationcomponents compliant with this specification, and whose components� variable values are set tothe default values, should operate correctly. The behavior of specific configurations may beoptimized by altering the values away from the defaults, but such optimization is beyond thescope of this specification. Values outside the specified minima and maxima are likely to resultin an emulated LAN that functions poorly or not at all for many applications.The following parameters apply to each LE Client:

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee59C1LE Client�s ATM Addresses. The LE Client�s own ATM Addresses. The primaryATM address used to connect to the LES and the BUS MUST be known before theConfiguration and Join phases can start, and MUST NOT change without restarting theConfiguration and Join phases. The Primary ATM address MUST be used to establishthe LE Client�s Control Direct and Multicast VCCs, and MUST be specified as theSOURCE-ATM-ADDRESS in the client�s LE_JOIN_REQUESTs. An LE Client MAYhave additional ATM addresses for use with Data Direct VCCs. These addresses do notneed to be known at Join time, and can be removed from service without restarting theJoin phase.C2LAN Type. The type of LAN that the LE Client is, or wishes to become, a member of.This MUST be one of Ethernet/IEEE 802.3, IEEE 802.5, or Unspecified. MUST NOT beUnspecified after a successful Join. This parameter MUST NOT be changed withoutterminating the LE Client and returning to the Initial state.C3Maximum Data Frame Size. The maximum AAL-5 SDU size of a data frame that theLE Client wishes to send on the Multicast Send VCC or to receive on the Multicast SendVCC or Multicast Forward VCC. This parameter also specifies the maximum AAL-5SDU of all of an LE Client�s Data Direct VCCs. This MUST be either 1516, 4544, 9234,or 18190 octets, or Unspecified. MUST NOT be Unspecified after a successful Join.MUST NOT be changed without terminating the LE Client and returning it to the Initialstate.C4Proxy. This indicates whether the LE Client may have remote unicast MAC addresses inC27. For example, an IEEE 802.1D transparent bridge MUST NOT register with the LEServer the MAC addresses of the endstations on its other LAN segments. MUST beknown before the Join phase can start. This parameter MUST NOT change withoutrestarting the Configuration phase.C5ELAN Name. The identity of the emulated LAN the LE Client wishes to join, or towhich the LE Client last joined. MAY be unspecified before Join. Never unspecified aftera successful Join. Formatted as an SNMPv2 DisplayString of length 0-32 octets. MAYhave a zero length after a successful Join. The ELAN Name client parameter andELAN_NAME field in the Join protocol provide a way to configure clients with human-readable strings for network management purposes.C6Local Unicast MAC Address(es). Each LE Client has zero or more local unicast MACaddresses. In an operational LE Client, every address in this variable MUST have beenregistered with the LE Server. Two LE Clients joined to the same emulated LAN MUSTNOT have the same local unicast MAC address. An LE Client�s MAC addresses maychange during normal operations. When answering an LE_ARP_REQUEST for anyaddress in this list, the "Remote Address" bit in the FLAGS field of theLE_ARP_RESPONSE MUST be clear.C7Control Time-out. Time out period used for timing out most request/response controlframe interactions, as specified elsewhere.Value: Minimum=10 seconds, Default=120 seconds, Maximum=300 seconds.C8Route Descriptor(s). Route Descriptors exist only for source-routed IEEE 802.5 LEClients that are Source-Route Bridges. All Route Descriptors in any given emulated LANMUST be unique. An LE Client MAY have zero or more Route Descriptors and theseRoute Descriptors MAY change during normal operation. In an operational LE Client,every Local Route Descriptor in C8 MUST have been registered with the LE Server.When answering an LE_ARP_REQUEST for any address in this list, the �RemoteAddress� bit in the FLAGS field of the LE_ARP_RESPONSE MUST be clear.C9LE Server ATM Address. The ATM address of the LAN Emulation Server is used toestablish the Control Direct VCC. This is obtained in the Configuration phase. Thisaddress MUST be known before the Join phase can start.C10Maximum Unknown Frame Count.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee60Value: Minimum=1, Default=1, Maximum=10. (See parameter C11.)C11Maximum Unknown Frame Time. Within the period of time defined by the MaximumUnknown Frame Time, an LE Client will send no more than Maximum Unknown FrameCount frames to the BUS for a given unicast LAN Destination, and it must also initiatethe address resolution protocol to resolve that LAN Destination.Value: Minimum=1 second, Default=1 second, Maximum=60 seconds.C12VCC Time-out Period. An LE Client SHOULD release any Data Direct VCC that it hasnot been used to transmit or receive any data frames for the length of the VCC Time-outPeriod. This parameter is only meaningful for SVC Data Direct VCCs.Value: Minimum=None specified, Default=20 minutes, Maximum=Unlimited.C13Maximum Retry Count. An LE Client MUST not retry an LE_ARP_REQUEST for agiven frame�s LAN destination more than Maximum Retry Count times, after the firstLE_ARP_REQUEST for that same frame�s LAN destination.Value: Minimum=0, Default=1, Maximum=2.C14LE Client Identifier. Each LE Client requires an LE Client Identifier (LECID) assignedby the LE Server during the Join phase. The LECID is placed in control requests by theLE Client and MAY be used for echo suppression on multicast data frames sent by thatLE Client. This value MUST NOT change without terminating the LE Client andreturning to the Initial state. A valid LECID MUST be in the range X�0001� throughX�FEFF�.C15LE Client Multicast MAC Address(es). Each LE Client MAY have a list of multicastMAC addresses which it wishes to receive and pass up to the higher layers. The broadcastaddress SHOULD be included in this list.C16 LE_ARP Cache. A table of entries, each of which establishes a relationship between aLAN Destination external to the LE Client and the ATM address to which data frames forthat LAN Destination will be sent.C17 Aging Time. The maximum time that an LE Client will maintain an entry in its LE_ARPcache in the absence of a verification of that relationship.Value: Minimum=10 seconds, Default=300 seconds, Maximum=300 seconds.C18 Forward Delay Time. The maximum time that an LE Client will maintain an entry for anon-local MAC address in its LE_ARP cache in the absence of a verification of thatrelationship, as long as the Topology Change flag C19 is true.Value16: Minimum=4 seconds, Default=15 seconds, Maximum=30 seconds.C19 Topology Change. Boolean indication that the LE Client is using the Forward DelayTime C18, instead of the Aging Time C17, to age non-local entries in its LE_ARP cacheC16.C20 Expected LE_ARP Response Time. The maximum time that the LEC expects anLE_ARP_REQUEST / LE_ARP_RESPONSE cycle to take. Used for retries and verifies.Value: Minimum=1 second, Default=1 second, Maximum=30 seconds.C21Flush Time-out. Time limit to wait to receive an LE_FLUSH_RESPONSE after theLE_FLUSH_REQUEST has been sent before taking recovery action.Value: Minimum=1 second, Default=4 seconds, Maximum=4 seconds.C22Path Switching Delay. The time since sending a frame to the BUS after which the LEClient may assume that the frame has been either discarded or delivered to the recipient.May be used to bypass the Flush protocol.Value: Recommend: Minimum=1 second, Default=6 seconds, Maximum=8 seconds.C23Local Segment ID. The segment ID of the emulated LAN. This is only required forIEEE 802.5 LE Clients that are Source Routing bridges. This is the source routingSegment ID for the emulated LAN and is used as outlined in the Source Routing Section

16This is consistent with IEEE 802.1d, Table 4-3.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee612.3.7 (Source Routing Considerations) and Appendix 12.4.2 (Token Ring Source RoutingInformation and Structures).C24Multicast Send VCC Type. Signaling parameter that SHOULD be used by the LEClient when establishing the Multicast Send VCC. This is the method to be used by theLE Client when specifying traffic parameters when it sets up the Multicast Send VCC forthis emulated LAN.C25Multicast Send VCC AvgRate. Signaling parameter that SHOULD be used by the LEClient when establishing the Multicast Send VCC. Forward and Backward SustainedCell Rate to be requested by LE Client when setting up Multicast Send VCC, if usingVariable bit rate codings.C26Multicast Send VCC PeakRate. Signaling parameter that SHOULD be used by the LEClient when establishing the Multicast Send VCC. Forward and Backward Peak CellRate to be requested by LE Client when setting up the Multicast Send VCC when usingeither Variable or Constant bit rate codings.C27Remote Unicast MAC Address(es). The MAC addresses for which this LE Client willanswer LE_ARP_REQUESTs, but which are not registered with the LE Server. This listMUST be empty in any operational LE Client that did not join the emulated LAN as aproxy agent (C4). When answering an LE_ARP_REQUEST for any address in this list,the �Remote Address� bit in the FLAGS word of the LE_ARP_RESPONSE MUST beset.C28Connection Completion Timer. Optional. In Connection Establishment this is the timeperiod in which data or a READY_IND message is expected from a Calling Party.Value: Minimum=1 second, Default=4 seconds, Maximum=10 seconds.5.1.2 Initial State - LE Service ViewThe following parameters apply per emulated LAN served by an LE Service:S1LE Server�s ATM Addresses. The LE Server MUST know its own ATM Addresses forLE Clients to be able to establish a connection to it. An ATM address cannot be removedfrom this set as long as any LE Client is connected to the LE Server through it.S2LAN Type. The type of this ATM Emulated LAN, either Ethernet/IEEE 802.3 or IEEE802.5.S3Maximum Data Frame Size. The maximum AAL-5 SDU size of a data frame that theLE Service can guarantee not to drop because it is too large. Also the minimum AAL-5SDU size that every LE Client must be able to receive. MUST be either 1516, 4544,9234, or 18190 octets.S4Control Time-out. Time out period used for timing out most request/response controlframe interactions, as specified elsewhere. Once an LE Client establishes a ControlDirect VCC to the LE Server, the Join phase must complete within the Join Time-outtime. If not, the LE Service SHOULD release any Control VCCs to that LE Client,terminating the Join phase.Value: Minimum=10 seconds, Default=120 seconds, Maximum=300 seconds.S5Maximum Frame Age. The BUS MUST discard a frame if it has not transmitted theframe to all relevant Multicast Send VCCs or Multicast Forward VCCs within theMaximum Frame Age following the BUS�s receipt of the frame over a Multicast SendVCC.Value: Minimum=1 second, Default=1 second, Maximum=4 seconds.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee62S6Broadcast and Unknown Server’s ATM Address(es). A Broadcast and UnknownServer MUST know at least one of its own ATM addresses for LE Clients to be able toestablish connections to it. A Broadcast and Unknown Server MAY have several ATMaddresses. Addresses MAY be added while the BUS is operational, but MAY NOT beremoved as long as any LE Client is connected to the BUS through them.5.2 LECS Connect PhaseDuring the LECS Connect phase, the LE Client establishes its connection with the LEConfiguration Server.If use of the LECS is not required, an LE Client MAY execute a �null� LECS Connect phase byusing a preconfigured SVC or PVC to the LES. This VCC is established by some means outsideof this specification. If the LE Client does not use the LECS Connect procedures, it MUST NOTuse the procedures in Sections 5.2 and 5.3.5.2.1 LECS Connect - LE Client ViewThe mechanisms used to locate the configuration service are as follows, in the order in which anLE Client MUST attempt them:1. Get the LECS Address via ILMI2. Use the well-known LECS Address3. Use the LECS PVCThese mechanisms are described in the following paragraphs.5.2.1.1 Get LECS Address via ILMIThe LE Client MUST issue an ILMI Get or GetNext to obtain the ATM address of the LECS forthat UNI. If the UNI connection to the obtained address fails, the LE Client MAY issue an ILMIGet or GetNext request to determine if an additional LE Configuration Server ATM address isavailable, and attempt to establish the Configuration Direct VCC to that ATM address. The ILMIMIB table to be read to obtain the LECS ATM Address is defined in the MIB in Section 12.2.5.2.1.2 Well-known LECS AddressIf the LECS ATM address cannot be obtained from ILMI or if the LE Client is unable toestablish a Configuration Direct VCC to that address, then the well-known addressX�47007900000000000000000000-00A03E000001-00� MUST be used to open a configurationVCC to the configuration service. 00 A0 3E is the ATM Forum-assigned OUI and 000001 hasbeen allocated by the ATM Forum.5.2.1.3 LECS PVCIf the LE Client cannot establish a VCC to the well-known ATM address of the LECS, then thewell-known PVC of VPI=0, VCI=17 (decimal) MUST be used for the Configuration DirectVCC.5.2.1.4 Configuration Direct SVCThe LE Client MUST attempt to establish a Configuration Direct VCC using the call parametersfor LE Configuration Direct VCCs defined in Table 5. The called party address MUST be theATM addresses obtained as above. The calling party address may be any valid ATM addressbelonging to the end station.5.2.2 LECS Connect - LE Service view5.2.2.1 Finding At Least One LECS

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee63The provider of the LAN Emulation service MUST ensure that an LE Client following the rulesof section 5.2.1 will be able to connect to an LE Configuration Server.5.2.2.2 Finding the Correct LECSIf an LE Client is able to establish a Configuration Direct VCC, then the LECS Connect phasehas completed successfully, whether or not the LE Client is able to complete the Configurationphase. Therefore, the LAN Emulation service SHOULD ensure that the state does not persistwhere an LE Client can connect to a �dead� LE Configuration Server.5.3 Configuration PhaseDuring the Configuration phase, the LE Client (or other entity) obtains the ATM Address of theLE Server, and may obtain additional configuration parameters. Configuration control frames areof two types:¥LE_CONFIGURE_REQUEST: Sent by the LE Client or other interested party to the LECSto obtain configuration information.¥LE_CONFIGURE_RESPONSE: Sent by the LE Configuration Server in response to anLE_CONFIGURE_REQUEST.The configuration phase prepares an LE Client for the Join phase by providing the necessaryoperating parameters for the emulated LAN which the client will later join.The Configuration phase may be performed either by using the LE configuration protocol or bystatic parameters in each LEC.The LE Configuration protocol allows the assignment of individual LE Clients to differentemulated LANs and provides information about the operating parameters of that LAN. Based onits own policies, configuration databases and information provided by clients, an LE ConfigurationServer assigns any client which requests configuration information to a particular LE Serviceentity by giving it the LE Server’s ATM address and other parameters.This protocol assumes that the requesting entity already knows how many LE Clients toinstantiate. An end-station may request configuration information separately for each LE Clientand/or MAC address it represents. The LE Configuration Server returns the address of an LEserver which is suitable, given the supplied information.It is expected that the LAN Emulation Configuration protocol will be used for more purposesthan the one of a non-bridge LE Client discovering which ELAN it should join. A typical use forthis protocol could include for example:A bridge or concentrator supporting multiple LE Clients, and representing multiple legacyLAN endstations, may determine which of its LE Clients (ELANs) should be bound to whichof its legacy endstations, based on the endstations� MAC addresses.If use of the LECS is not required, an LE Client MAY execute a �null� LECS Connect phase andbypass the Configuration Phase by using a preconfigured SVC or PVC to the LES. This VCC isestablished by some means outside of this specification.5.3.1 Configuration - Requester�s ViewThis section is described in terms of a �requester� which has established a Configuration DirectV C C , a n d i s i s s u i n g L E _ C O N F I G U R E _ R E Q U E S T s a n d r e c e i v i n g LE_CONFIGURE_RESPONSEs, and a �prospective LE Client� on whose behalf the requestsare being made. In the case of an LE Client configuring itself, these two entities are one and thesame. In other cases, they may be different.5.3.1.1 Configure Request

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee64The requester MUST issue an LE_CONFIGURE_REQUEST to the LE Configuration Servercontaining at least the primary ATM Address of the prospective LE Client in the SOURCE-ATM-ADDRESS field. Other information MAY be included in the remaining fields of theLE_CONFIGURE_REQUEST as described in Table 16.5.3.1.2 Unsuccessful Configure ResponseIf the LE_CONFIGURE_RESPONSE does not contain 0 (Success) in the STATUS field, thenthe Configuration phase has failed for the prospective LE Client. If this answer is notsatisfactory, e.g. in the case of an LE Client configuring itself, the LE Client MUST return to thebeginning of the Initialization procedure if it wishes to re-attempt to configure itself.5.3.1.3 Successful Configure ResponseIf the LE_CONFIGURE_RESPONSE does contain 0 (Success) in the STATUS field, then theConfiguration phase has succeeded for the prospective LE Client. In this case, the LAN-TYPE,MAXIMUM-FRAME-SIZE, TARGET-ATM-ADDRESS, and ELAN-NAME parametersMUST be copied to the prospective LE Client�s C2, C3, C9, and C5 variables, respectively.5.3.1.4 Configure Response TLV EncodingsTable 17 illustrates the LE_CONFIGURE_REQUEST and LE_CONFIGURE_RESPONSEType-Length-Value (TLV) encodings. A requester MUST recognize the values listed in thistable and transfer any values returned in a successful LE_CONFIGURE_RESPONSE to thecorresponding variables in the prospective LE Client.5.3.1.5 Retrying Configure RequestIf the LE Configuration Server does not return an LE_CONFIGURE_RESPONSE within the LEClient�s Control Time-out C7, the requester MAY repeat the LE_CONFIGURE_REQUEST,with all fields identical to the first request except for the TRANSACTION-ID field. If noLE_CONFIGURE_RESPONSE is obtained after some number of retries, then the Configurationphase has failed. If this failure is not satisfactory, e.g. in the case of an LE Client configuringitself, the LE Client MUST return to the beginning of the Initialization procedure if it wishes tore-attempt to configure itself.5.3.1.6 Configure Response OrderingBecause the LECS is not required to return LE_CONFIGURE_RESPONSEs in the same orderthat the corresponding LE_CONFIGURE_REQUESTs were sent, a requester that issues multiplerequests SHOULD use the TRANSACTION-ID field to distinguish between responses todifferent requests.5.3.1.7 Releasing the Configuration Direct VCCAt any time, the requester MAY release the Configuration Direct VCC. Any number of whole orpartial exchanges of LE_CONFIGURE_REQUEST and LE_CONFIGURE_RESPONSE frames,including 0, may occur before the Configuration Direct VCC is released.5.3.2 Configuration - LE Service ViewThe LE Configuration Server uses the information provided in theLE_CONFIGURE_REQUEST to generate an LE_CONFIGURE_RESPONSE. This responsemay indicate success or failure, depending on whether the prospective LE Client is to be allowedto attempt to join an LE Server.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee655.3.2.1 Requester�s ATM AddressThe calling party�s ATM address used in signaling the Configuration Direct VCC MUST NOTbe considered by the LECS in determining which ELAN to direct the requester to, but MAY beused in deciding whether or not to respond and/or release the connection for security reasons.5.3.2.2 LAN-TYPE Configure ResponseIf the LAN-TYPE in the LE_CONFIGURE_REQUEST is not Unspecified, then the LAN-TYPEin the LE_CONFIGURE_RESPONSE MUST have the same value as that in theLE_CONFIGURE_REQUEST. If the LAN-TYPE in the LE_CONFIGURE_REQUEST isUnspecified, then the LAN-TYPE in the LE_CONFIGURE_RESPONSE MAY have any valuelisted in Table 16.5.3.2.3 MAXIMUM-FRAME-SIZE Configure ResponseIf the MAXIMUM-FRAME-SIZE in the LE_CONFIGURE_REQUEST is not Unspecified, thenthe MAXIMUM-FRAME-SIZE in the LE_CONFIGURE_RESPONSE MUST have the samevalue as or a lower value than that in the LE_CONFIGURE_REQUEST, but MUST NOT beUnspecified. If the MAXIMUM-FRAME-SIZE in the LE_CONFIGURE_REQUEST isUnspecified, then the MAXIMUM-FRAME-SIZE in the LE_CONFIGURE_RESPONSE MAYhave any value listed in Table 16.5.3.2.4 Configure Response OrderingThe LECS MAY issue LE_CONFIGURE_RESPONSEs in a different order than that in whichthe corresponding LE_CONFIGURE_REQUESTs were received, even forLE_CONFIGURE_REQUESTs received on the same Configure Direct VCC.5.3.2.5 Configuration vs. OperationThe set up or release of a Configuration Direct VCC by an LE Client, or any exchange ofLE_CONFIGURE_REQUEST or LE_CONFIGURE_RESPONSE frames, MUST NOT affectthe operational status of any LE component.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee665.3.3 Configuration FramesThe format of each AAL5 SDU for LE Configuration Request and LE Configuration Responsepacket is as follows:Table 16. Configuration Frame FormatOffsetSizeNameFunction02MARKERControl Frame = X�FF00�21PROTOCOLATM LAN Emulation protocol = X�01�31VERSIONATM LAN Emulation protocol version = X�01�42OP-CODEType of request: X�0001� LE_CONFIGURE_REQUEST X�0101� LE_CONFIGURE_RESPONSE62STATUSAlways X�0000� in requests. See Table 13 for a list ofvalues.84TRANSACTION-IDArbitrary value supplied by the requester and returned bythe responder.122REQUESTER-LEC-IDAlways X"0000" in requests, ignored on response.142FLAGSAlways X�0000� when sent, ignored on receipt.168SOURCE-LAN-DESTINATIONMAC address or Route Descriptor of prospective LEClient. MAY be encoded as �not present.�248TARGET-LAN-DESTINATIONAlways X�0000� when sent, ignored on receipt.3220SOURCE-ATM-ADDRESSPrimary ATM address of prospective LE Client forwhich information is requested.521LAN-TYPEX�00� Unspecified17X�01� Ethernet/IEEE 802.3X�02� IEEE 802.5

17If the LAN-TYPE is �unspecified,� then the Ethernet/IEEE 802.3 MAC address format MUSTbe used.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee67531MAXIMUM-FRAME-SIZEX�00� UnspecifiedX�01� 1516X�02� 4544X�03� 9234X�04� 18190541NUMBER-TLVSNumber of Type/Length/Value elements encoded inRequest/Response.551ELAN-NAME-SIZENumber of octets in ELAN-NAME (may be 0).5620TARGET-ATM-ADDRESSATM Address of the LE Server to be used for the LEClient described in the request if Configure Responseand STATUS="Success," else X’00’.7632ELAN-NAMEName of emulated LAN18.1084ITEM_1-TYPEThree octets of OUI, one octet identifier.1121ITEM_1-LENGTHLength in octets of VALUE field. Minimum=0.113VariableITEM_1-VALUEEtc.Further parameters may be included by either the requester or the configuration server, encodedusing Type/Length/Value (TLV) where present, in order to accommodate servers with user-defined and optional extensions. As many parameters may be included as will fit into themaximum SDU size negotiated on the Configuration Direct VCC.In Type Field, OUI designates the authority responsible for allocating the four octet value of aType value. The OUI value 00-A0-3E is used for standard values defined by the ATM Forumspecification. No padding is in the TLV field. Zero, one, or more TLV fields may be present.Further vendor-specific extensions may be implemented by servers using the OUI of the vendordefining the extensions. The first three octets of a TYPE value MUST contain an OUI. The lastoctet of a TYPE value should be used to distinguish between different parameters defined by anorganization.5.3.4 Configuration Request Frame - Parameter EncodingsThere are no ATM Forum specified T/L/V encodings for use in LE_CONFIGURE_REQUESTframes.5.3.5 Configuration Response Frame - Parameter EncodingsThe following table describes the T-L-V encodings of further optional operational parameterssupplied by a LECS in answer to a configuration request by a LE Client. An LE Client MUSTupdate its operational parameter set with these values if it can parse them. An LE Client MUSTignore any encoded ’Type’ values which it does not understand. The Value provided for any

18SNMPv2 DisplayString

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee68parameter is in the same units as defined in Section 5.1 and the References are to that samesection where appropriate.Table 17.Configuration Response Frame - Parameter EncodingsItemTypeLengthReference/Value/UnitsControl Time-out00-A0-3E-012C7/in secondsMaximum UnknownFrame Count00-A0-3E-022C10Maximum UnknownFrame Time00-A0-3E-032C11/in secondsVCC Time-out Period00-A0-3E-044C12/in secondsMaximum Retry Count00-A0-3E-052C13Aging Time00-A0-3E-064C17/in secondsForward Delay Time00-A0-3E-072C18/in secondsExpected LE_ARPResponse Time00-A0-3E-082C20/in secondsFlush Time-out00-A0-3E-092C21/in secondsPath Switching Delay00-A0-3E-0A2C22/in secondsLocal Segment ID00-A0-3E-0B2C23Mcast Send VCC Type00-A0-3E-0C2C24:X’0000’ Best Effort: LE Client should set theBE flag. Peak Cell Rates should be line rate.X’0001’ Variable: LE Client should provide aSustained Cell Rate (see below).X’0002’ Constant: LE Client should provide aPeak and a Sustained Cell Rate (see below).Mcast Send VCC AvgRate00-A0-3E-0D4C25/in cells per secondMcast Send VCC PeakRate00-A0-3E-0E4C26/in cells per secondConnection CompletionTimer00-A0-3E-0F2C28/in secondswhere 00-A0-3E is the ATM Forum OUI.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee695.4 Join PhaseDuring the Join phase, the LE Client establishes its connection(s) with the LE Server anddetermines the operating parameters of the emulated LAN. The LE Client also may implicitlyregister one MAC address with the LE Server as a result of joining the emulated LAN. Joinprotocol frames are of two types:•LE_JOIN_REQUEST: Sent by the LE Client to the LE Server. Requests that the LE Client be allowed to join an ATM Emulated LAN.•LE_JOIN_RESPONSE: Sent by the LE Server to the LE Client in response to an LE_JOIN_REQUEST frame. Confirms or denies the join request.These frame formats are described in Table 18.5.4.1 Join Phase - LE Client View5.4.1.1 Control Direct VCCThe LE Client MUST either initiate and complete UNI signaling procedures to establish a point-to-point bi-directional Control Direct VCC between its LE Client�s ATM address C1 and the LEServer ATM address C9, or identify the appropriate Control Direct PVC. If the LE Client cannotestablish this connection, then it MUST terminate the Join procedure. SETUP request for thisVCC MUST be signaled using the call parameters defined in Section 3.3 for LE Control DirectVCCs. The calling party ATM Address used by the LE Client when setting up the Control DirectVCC MUST be the client�s primary ATM Address.5.4.1.2 Transmitting LE_JOIN_REQUESTThe LE Client MUST send an LE_JOIN_REQUEST over the Control Direct VCC. TheLE_JOIN_REQUEST MUST include the LE Client variables C2, C3, C4, and C5, plus theprimary ATM address from LE Client variable C1. It MAY also include one MAC address fromC6 to be registered as a pair with the SOURCE_ATM_ADDRESS.5.4.1.3 Accepting Control Distribute VCCOnce the LE Client sends the LE_JOIN_REQUEST, it MUST accept an attempt by the LEServer to establish a Control Distribute VCC, if that attempt is made before theLE_JOIN_RESPONSE is returned by the LE Server. This VCC SETUP Indication will besignaled with the call parameters defined in Section 3.3 for LE Control Distribute VCCs. An LEClient SHOULD refuse any attempt to establish a second or subsequent Control Distribute VCC.5.4.1.4 Receiving LE_JOIN_RESPONSEThe LE Server returns an LE_JOIN_RESPONSE to the LE Client. The LE_JOIN_RESPONSEmay be returned on either the Control Direct VCC or the Control Distribute VCC (if created).The LE Client MUST be prepared to receive it on either VCC. The LE Client MUST be preparedto receive and ignore LE_JOIN_RESPONSE frames or any other control frames on eitherControl VCC that are not directed to itself.5.4.1.5 Receiving on Control Distribute VCCIf the LE Server establishes a Control Distribute VCC, then the LE Client MUST be prepared toreceive control frames over the Control Distribute VCC. The SETUP request for this VCCMUST be signaled using the call parameters defined in Section 3.3 for LE Control Direct VCCs.5.4.1.6 Future Control Distribute VCC EstablishmentOnce the LE Client receives an LE_JOIN_RESPONSE from the LE Server, if the LE Server hasnot established a Control Distribute VCC, then the LE Client MAY assume that no Control

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee70Distribute VCC will be established by that LE Server, no matter what the status of theLE_JOIN_RESPONSE, and MAY refuse the connection if the LE Server attempts to make it.5.4.1.7 Validating LE_JOIN_RESPONSEIf the LE_JOIN_RESPONSE indicates a successful join, it MUST contain values for the LEClient�s variables C2, C3, C5, and C14. (The value for C5 may be zero length.) The LE ClientMUST either update these variables from the values given by the LE Server, or terminate theELAN membership. If the values are accepted by the LE Client, the LE Client Join phase ofinitialization is complete and successful.5.4.1.8 Termination of Join ProcedureIf the LE_JOIN_RESPONSE indicates a failure, then the LE Client MUST terminate the ELANmembership.5.4.1.9 LE_JOIN_RESPONSE Time-out (C7)If the LE Client receives no LE_JOIN_RESPONSE within the time C7, then it MAY retry theJoin procedure, but MUST terminate the ELAN membership after a finite number of retries.5.4.1.10 Unexpected Control Direct and Control Distribute VCC ClearingIf the LE Client detects that the Control Direct VCC or the Control Distribute VCC are releasedat any time other that those specified here, then the LE Client MUST terminate the ELANmembership.5.4.1.11 Ignoring LE_JOIN_REQUESTAn LE Client MUST NOT respond to an LE_JOIN_REQUEST.5.4.2 Join phase - LE Server View5.4.2.1 Control Direct VCCAn LE Server MAY accept a UNI signaling request to establish a Control Direct VCC to its ownATM address S1. An LE Server MUST NOT accept a Control Direct VCC establishment unlessthe signaling SETUP Indication contains the call parameters defined in Section 3.3 for LEControl Direct VCCs.5.4.2.2 Waiting for LE_JOIN_REQUEST (S4)If no LE_JOIN_REQUEST is received on a new Control Direct VCC within some period of timeS4, the LE Server MAY terminate the ELAN membership.5.4.2.3 Control Distribute VCCWhen the LE Server receives an LE_JOIN_REQUEST, it MUST decide whether the Join requestis to succeed or fail. If and only if the request is to succeed, the LE Server MAY attempt toestablish a Control Distribute VCC to the LE Client using the call parameters defined in Section3.3 for LE Control Distribute VCCs. This VCC MUST be established before the LE Server canproceed with the Join phase. The LE Server MUST NOT attempt to establish a ControlDistribute VCC to an LE Client after sending that LE Client an LE_JOIN_RESPONSE.5.4.2.4 Validating LE_JOIN_REQUESTFor an LE_JOIN_REQUEST to succeed, the values for LAN type and maximum frame size (C2and C3) MUST be compatible with that of the LE Server. That is, the LAN type must either beUnspecified or must match the LE Server�s LAN type S2 exactly, and the maximum frame sizemust either be Unspecified or must be greater than or equal to the LE Server�s maximum framesize S3. If either condition is not met, the LE Server MUST reject the LE_JOIN_RESPONSEwith a STATUS code of �Invalid request parameters.�

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee71An LE_JOIN_REQUEST containing a broadcast address, a multicast MAC address or afunctional address as the source LAN destination MUST be rejected.5.4.2.5 Duplicate MAC AddressAn LE Server MUST NOT allow two LE Clients to join one ATM Emulated LAN with the sameMAC Address. An LE Server MUST accept a duplicate LE_JOIN_REQUEST from an LE Clientfor a MAC Address or Route Descriptor that duplicates an address or designator alreadyregistered by that LE Client.5.4.2.6 Duplicate ATM AddressAn LE Server MUST reject an LE_JOIN_REQUEST if the SOURCE-ATM-ADDRESS field orControl Direct VCC Calling Party Number (which must be the same) duplicates another LEClient�s ATM address (STATUS code �Duplicate ATM address�). An LE Server MUST reject aLE_JOIN_REQUEST if the REQUESTER-LECID field is not 0 (STATUS code �InvalidREQUESTER-LECID�).5.4.2.7 Control Distribute VCC FailureIf the LE Client fails to accept the Control Distribute VCC connection then the LE Server MUSTterminate the ELAN membership.5.4.2.8 Sending LE_JOIN_RESPONSEThe LE Server MAY return the LE_JOIN_RESPONSE to the LE Client on either the ControlDirect VCC or the Control Distribute VCC (if created).5.4.2.9 REQUESTER-LECIDIf the LE Server returns an LE_JOIN_RESPONSE indicating a successful join, the responseMUST include a REQUESTER-LECID for the LE Client that is unique among all LE Clientsjoined to that same emulated LAN. The REQUESTER-LECID MUST be in the range allowedfor LE Clients� LECIDs.5.4.2.10 Completion of Join PhaseIf the LE_JOIN_RESPONSE indicates a successful join, then the LE Client and LE Server havecompleted the Join phase of initialization.5.4.2.11 Control Distribute VCC and LE_JOIN_RESPONSEThe LE Server MUST NOT send an LE_JOIN_RESPONSE with any status other than success ifit has established a Control Distribute VCC.5.4.2.12 LE Client ReleaseIf the LE Client does not release the Control Direct VCC after the LE Server sends theLE_JOIN_RESPONSE indicating a failure of the Join procedure, then the LE Server SHOULDterminate the ELAN membership. The release of the Control VCCs by the LE Client SHOULDoccur within time S4 from the establishment of the Control Direct VCC to avoid this time-out.5.4.2.13 LE Server TerminationIf the LE Server detects that the Control Direct VCC or the Control Distribute VCC to any givenClient has failed, then the LE Server MUST terminate the ELAN membership.5.4.2.14 Duplicate LE_JOIN_REQUESTSIf the LE Server receives an LE_JOIN_REQUEST on a Control Direct VCC after it has returnedany LE_JOIN_RESPONSE on that same Control Direct VCC, and if that secondLE_JOIN_REQUEST differs from the first in any parameter except the TRANSACTION-ID,then the LE Server MUST terminate the ELAN membership. On receipt of a duplicateLE_JOIN_REQUEST (i.e. one that is identical to a previous LE_JOIN_REQUEST in all fields

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee72except TRANSACTION-ID, which may be different), the LE Server returns the sameinformation it provided in response to the original LE_JOIN_REQUEST. This flexibility isdesigned to cover the case where an LE Client did not receive an LE_JOIN_RESPONSE.5.4.2.15 Duplicate Registered LAN-DESTINATIONAn LE Server MUST reject an LE_JOIN_REQUEST if the SOURCE-LAN-DESTINATIONfield duplicates another LE Client’s registered LAN-DESTINATION, whether that previousregistration was made via the registration protocol or via implicit registration in anLE_JOIN_REQUEST (STATUS code "Duplicate LAN Destination registration").

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee735.4.3 Join FramesThe Join frames are used in the Join phase of LAN emulation initialization and are described inTable 18.Table 18. Join Frame FormatOffsetSizeNameFunction02MARKERControl Frame = X�FF00�21PROTOCOLATM LAN Emulation protocol = X�01�31VERSIONATM LAN Emulation protocol version = X�01�42OP-CODEType of request: X�0002� LE_JOIN_REQUEST X�0102� LE_JOIN_RESPONSE62STATUSAlways X�0000� in requests. In Responses: See Table 13for a list of values.84TRANSACTION-IDArbitrary value supplied by the requester and returned bythe responder.122REQUESTER-LECIDAssigned LECID of joining client if join response andSTATUS = �Success�, else X�0000�.142FLAGSEach bit of the FLAGS field has a separate meaning ifset: X�0080� Proxy Flag: LE Client serves non-registeredMAC addresses and therefore wishes to receive LE_ARPrequests for non-registered LAN destinations.168SOURCE-LAN-DESTINATIONOptional MAC address to register as a pair with theSOURCE_ATM_ADDRESS.248TARGET-LAN-DESTINATIONAlways X�00� when sent, ignored on receipt.3220SOURCE-ATM-ADDRESSPrimary ATM address of LE Client issuing join request.521LAN-TYPEX�00� UnspecifiedX�01� Ethernet/IEEE 802.3X�02� IEEE 802.5531MAXIMUM-FRAME-SIZEX�00� UnspecifiedX�01� 1516X�02� 4544X�03� 9234X�04� 18190

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee74541NUMBER-TLVSAlways X�00� when sent, ignored on receipt.551ELAN-NAME-SIZENumber of octets in ELAN-NAME.X�00� indicates empty ELAN-NAME.5620TARGET-ATM-ADDRESSAlways X�00� when sent, ignored on receipt.7632ELAN-NAMEName of emulated LAN. Expresses LE Client�spreference in LE_JOIN_REQUEST, specifies name ofLAN joined in successful LE_JOIN_RESPONSE, elsenot used. Format is SNMPv2 DisplayString.5.5 Registration During InitializationAfter completing the Join phase, an LE Client MAY attempt to register additional LANDestinations from its C6 and C8 variables according to the procedures described in Section 6,Registration. Registration at this time is provided so that an LE Client can register those LANDestinations which are required for its normal operation. An LE Client MAY (but is not requiredto) terminate all connections and restart Initialization if it fails to register any LAN Destinationsat this time, without ever becoming operational.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee755.6 Connecting to the BUS Protocol and ProceduresThe Protocol and Procedures for an LE Client connecting to the BUS follows.5.6.1 Protocol5.6.1.1 Connecting to the BUS - LE Client View5.6.1.1.1 Determining BUS ATM AddressA client MUST connect to the BUS. The address of the BUS is determined by using the addressresolution procedure (LE_ARP_REQUEST) to resolve the all 1’s broadcast MAC address.5.6.1.1.2 Multicast Send VCCThe LE Service will respond to the LE_ARP_REQUEST with an LE_ARP_RESPONSEcontaining an ATM address of the BUS (S6), which the LE Client MUST use as the called party inestablishing a bi-directional Multicast Send VCC. The calling party ATM address used by the LEClient MUST be the LE Client’s primary ATM address, as defined in Section 5.1.1. This VCC issignaled using the call parameters defined in Section 3.3 for the LE Ethernet/IEEE 802.3 MulticastSend VCC or the LE IEEE 802.5 Multicast Send VCC. All multicast destination packets MUST betransmitted to the BUS over this VCC.5.6.1.1.3 LE Client Accepts Multicast Forward VCCIn order to receive traffic sent to a multicast address on an emulated LAN, a client must first havea connection from the BUS. The act of opening the Multicast Send VCC described above willautomatically cause the BUS to connect back to the client to establish a Multicast Forward VCC.This connection will come either in the form of a point-to-point or point-to-multipoint connectionindication, at the discretion of the BUS.The client MUST accept any such connection indications if it wishes to receive all of the broadcastand multicast frames (and potentially, unknown unicast frames) on the emulated LAN. The callingparty identifier of the connection setup may or may not contain the ATM address which wasreturned to the client when it got the LE_ARP_RESPONSE described above. The called partyidentifier will contain the ATM address which the client used as the calling party identifier when itopened the Multicast Send VCC. The call parameters signaled by the BUS are those defined inSection 3.3 for LE Multicast Forward VCCs. An LE Client SHOULD refuse any attempt toestablish a second or subsequent Multicast Forward VCC.5.6.1.1.4 Losing BUS ConnectionsIf the LE Client detects release of the Multicast Send VCC for any reason, it MUST also releaseits Multicast Forward VCC (UNI Reason Code "Normal, Unspecified" - Cause 31). The LEClient MAY re-attempt connection to the BUS by re-executing the procedures of Section 5.6.1.1for some finite number of retries. If unable to regain its connection to the BUS, the LEC MUSTterminate its ELAN membership and return to the Initialization phase.If the LE Client detects deliberate release of the Multicast Forward VCC (UNI Reason Code"Normal, Unspecified" - Cause 31) it MUST NOT attempt any recovery process for the VCC.The LE Client MUST terminate its ELAN membership and return to the Initialization phase.If the LE Client detects accidental release of the Multicast Forward VCC (UNI Reason Codeother than "Normal, Unspecified" - Cause 31) it MAY re-attempt connection to the BUS by re-executing the procedures of Section 5.6.1.1, after having first ensured that its Multicast SendVCC, if any, is deliberately released (UNI Reason Code "Normal, Unspecified" - Cause 31).5.6.1.2 Connecting to the BUS - BUS View5.6.1.2.1 BUS Opens Multicast Forward VCC

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee76When an LE Client successfully joins an emulated LAN and after the client successfullyestablishes a bi-directional Multicast Send VCC to the BUS (see above), the BUS MUST attemptto open a Multicast Forward VCC back to the client.This MAY be performed by opening a new point-to-point VCC to the client or by adding the clientas a leaf to a point-to-multipoint call at the choice of the BUS implementation.5.6.1.2.2 Called Party Number ProvidedThe calling party number which was used by the LE Client to signal the Multicast Send VCCMUST be used by the BUS as the called party number (ATM address) for the Multicast ForwardVCC.5.6.1.2.3 B-LLI CodepointThe call parameters signaled by the BUS are those defined in Section 3.3 for LE MulticastForward VCCs.5.6.1.2.4 Failure to Establish Multicast Forward VCCIf the BUS is unable to set up the Multicast Forward VCC, the LE Service MAY terminate thatClient.5.6.1.2.5 BUS Action on Release of Multicast Send VCCFailure of Multicast VCCs: If the BUS detects release of a LE Client’s Multicast Send VCC forany reason, it MUST also release that LE Client’s Multicast Forward VCC (UNI Reason Code"Normal, Unspecified" - Cause 31). The BUS MUST NOT attempt to re-establish the MulticastSend VCC.5.6.1.2.6 BUS Action on Release of Multicast Forward VCCIf the BUS detects release of a LE Client’s Multicast Forward VCC for any reason, it MUST alsorelease that LE Client’s Multicast Send VCC (UNI Reason Code "Normal, Unspecified" - Cause31). The BUS MUST NOT attempt to re-establish the Multicast Forward VCC.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee776. Registration Protocol, Procedures and Frame FormatsRegistration is the procedure whereby the LE Client establishes with the LE Server anyadditional (LAN destination, ATM Address) pairs not registered in the Join procedure.Registration and Unregistration of LAN destinations may occur at any time after successfullyjoining an emulated LAN.Registration protocol frames are of four types:¥LE_REGISTER_REQUEST: Sent by the LE Client to the LE Server. Requests that the LEServer register one LAN destination - ATM address pair for the LE Client.¥LE_REGISTER_RESPONSE: Sent by the LE Server to the LE Client in response to anLE_REGISTER_REQUEST frame. Confirms or denies the registration request.¥LE_UNREGISTER_REQUEST: Sent by the LE Client to the LE Server. Requests that the LEServer remove the registration of one LAN destination - ATM address pair for the LEClient.¥LE_UNREGISTER_RESPONSE: Sent by the LE Server to the LE Client in response to anLE_UNREGISTER_REQUEST frame. Confirms or denies the unregistration request.These frame formats are described in Table 19.In the following sections describing registration, the terms �accept� and �deny� are used withregard to LE_REGISTER_REQUEST. The LE Server �accepts� an LE_REGISTER_REQUESTby returning a successful LE_REGISTER_RESPONSE, and �denies� it by returning a failurecode in the LE_REGISTER_RESPONSE.An LE Client with only one unicast MAC address need not use the registration protocol, sinceevery LE Client may implicitly register one MAC address during the Join phase. Also, it shouldbe noted that a Join with a MAC address is functionally equivalent to a Join without a MACaddress, followed by a Register with a MAC address.6.1.1 Registration - LE Client View6.1.1.1 Registration Protocol VCC

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee78Registration protocol frames MUST only be sent by an LE Client over the Control Direct VCC.6.1.1.2 Registration RequirementsLECs on a Token Ring emulated LAN MUST register local LAN destinations (Local UnicastMAC Addresses, C6 and/or Route Descriptors, C8). Other LECs MUST register local LANdestinations (Local Unicast MAC Addresses, C6). Once an LE Client has reached theoperational state, it MUST NOT have in its variables C6 or C8 any LAN Destination which hasnot successfully been registered with the LE Server. LE Clients MUST NOT register non-localLAN destinations (C27).6.1.1.3 Ignoring Registration Protocol FramesAn LE Client MUST ignore any registration protocol frames received over any VCC other thanthe Control Direct VCC or the Control Distribute VCC.6.1.1.4 Registering Broadcast, Multicast and Functional AddressesAn LE Client MUST NOT register for a broadcast address, a multicast group MAC address orfunctional address.6.1.1.5 Duplicate LE_REGISTER_REQUEST or LE_UNREGISTER_REQUESTsAn LE Client MAY repeat an LE_REGISTER_REQUEST or LE_UNREGISTER_REQUEST ifno LE_REGISTER_RESPONSE or LE_UNREGISTER_RESPONSE has been received fromthe LE Server for a period of C7.6.1.1.6 Duplicate Registration Frame FrequencyAn LE Client MUST NOT repeat an LE_REGISTER_REQUEST orLE_UNREGISTER_REQUEST for the same MAC address or Route Descriptor more often thanonce per second.6.1.1.7 Optional TerminationIf an LE Client is unable to obtain a registration response from the LE Server after some numberof attempts to register or unregister a LAN destination, it MAY terminate the ELANmembership.6.1.1.8 Ignoring Request FramesAn LE Client MUST NOT respond to an LE_REGISTER_REQUEST or anLE_UNREGISTER_REQUEST.6.1.2 Registration - LE Server View6.1.2.1 Registration FramesAn LE Server MUST send all registration protocol frames over the Control Direct VCC or theControl Distribute VCC (if it exists) to an LE Client.6.1.2.2 Ignoring Registration FramesAn LE Server MUST ignore all registration protocol frames received over any VCC other than aControl Direct VCC.6.1.2.3 Multiple MAC RegistrationsAn LE Server MUST NOT allow two or more different LE Clients to register the same MACAddress or Route Descriptor.6.1.2.4 Multiple ATM Registrations

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee79An LE Server MUST NOT allow two or more different LE Clients to register LAN destinationsusing the same ATM address in the SOURCE-ATM-ADDRESS field.6.1.2.5 One Registered ATM address per LAN DestinationAn LE Server MUST NOT allow an LE Client to register more than one ATM address for anygiven LAN destination.6.1.2.6 Denying LE_REGISTER_REQUESTAn LE Server MUST deny an LE_REGISTER_REQUEST with the STATUS code �InvalidLAN Destination� for a broadcast address, a multicast MAC Address or functional address.6.1.2.7 Duplicate LE_REGISTER_REQUESTs for Same LE ClientAn LE Server MUST positively acknowledge an otherwise valid LE_REGISTER_REQUESTfor a (LAN destination, ATM address) pair that duplicates a (LAN destination, ATM address)pair already registered by that same LE Client.6.1.2.8 LE_UNREGISTER_REQUEST for Unregistered LAN DestinationAn LE Server MUST return a successful response to an otherwise validLE_UNREGISTER_REQUEST for a LAN destination the requester had not registered. It MUSTNOT, however, actually unregister a LAN destination registered by another client.6.1.2.9 First Registration WinsIf an LE_REGISTER_REQUEST (or implicit registration in an LE_JOIN_REQUEST) conflictswith a previous registration, thus violating the above restrictions on multiple registration of aLAN Destination or ATM Address, then the LE_REGISTER_RESPONSE MUST indicate afailure (STATUS code "Duplicate LAN Destination registration" or "Duplicate ATM Address").

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee806.1.3 Registration FramesTable 19 describes Registration frames, which are used to register MAC addresses and RouteDescriptors with the LE Server.Table 19. Registration Frame FormatOffsetSizeNameFunction02MARKERControl Frame = X�FF00�21PROTOCOLATM LAN Emulation protocol = X�01�31VERSIONATM LAN Emulation protocol version = X�01�42OP-CODEType of request: X�0004� LE_REGISTER_REQUEST X�0104� LE_REGISTER_RESPONSE X"0005" LE_UNREGISTER_REQUEST X"0105" LE_UNREGISTER_RESPONSE62STATUSAlways X�0000� in requests. In Responses: See Table 13for a list of values.84TRANSACTION-IDArbitrary value supplied by the requester and returned bythe responder.122REQUESTER-LECIDLECID of LE Client issuing the register or unregisterrequest and returned by the responder.142FLAGSAlways X"00" when sent, ignored on receipt.168SOURCE-LAN-DESTINATIONUnicast MAC address or Route Descriptor LE Client isattempting to register.248TARGET-LAN-DESTINATIONAlways X�00� when sent, ignored on receipt.3220SOURCE-ATM-ADDRESSAn ATM address of LE Client issuing the register orunregister request.5256RESERVEDAlways X�00� when sent, ignored on receipt.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee817. Address Resolution Protocol, Procedures and Frame FormatsThe basic flow of the address resolution protocol and Data Direct VCC management has beendescribed in Section 2. There are four types of frames associated with address resolutionprotocol:•LE_ARP_REQUEST: Sent by an LE Client to determine the ATM address associated witha given MAC address or Route Descriptor.•LE_ARP_RESPONSE: Sent by the LE Server or an LE Client in response to anLE_ARP_REQUEST to provide the information requested.• LE_NARP_REQUEST: Sent by an LE Client to advertise changes in Remote addressbindings.• LE_TOPOLOGY_REQUEST: Sent by LE Client or LE Server to indicate whethernetwork topology change is in progress.These frame formats are described in Table 20, 21 and 22. The specific procedures for addressresolution and VCC connection management are presented in separate sections, one for LEClients, and one for the LE Server.7.1 Address Resolution - LE Client View7.1.1 Address Resolution Over Control Direct VCCAn LE Client MUST send all LE_ARP_REQUESTs and LE_ARP_RESPONSEs over theControl Direct VCC.7.1.2 Accepting Address Resolution FramesAn LE Client MUST accept LE_ARP_REQUESTs and LE_ARP_RESPONSEs arriving oneither the Control Direct VCC or the Control Distribute VCC.7.1.3 Ignoring Frames Prior to JoiningAn LE Client MUST NOT respond to any LE_ARP_REQUEST if it has not completed the Joinprocedure regardless of the other provisions in Section 7.1.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee827.1.4 Responding to LE_ARP_REQUESTs for LAN DestinationsAn operational LE Client MUST respond to any LE_ARP_REQUEST it receives that requestsinformation for any LAN Destination in that client�s variables C6 (Local Unicast MACAddresses), C8 (Route Descriptors), and C27 (Remote Unicast MAC Addresses). It MUST NOTrespond to any LE_ARP_REQUEST for a LAN Destination not in those three variables.7.1.5 Local LAN DestinationsAn LE Client MUST clear the Remote Address FLAGS bit in any LE_ARP_RESPONSE sentfor a LAN Destination in that Client�s variables C6 (Local Unicast MAC Addresses) or C8(Route Descriptors).7.1.6 Remote MAC AddressesAn LE Client MUST set the Remote Address FLAGS bit in any LE_ARP_RESPONSE sent for aLAN Destination in that Client�s variable C27 (Remote Unicast MAC Addresses). If a LAN-attached endsystem is moved from one proxy agent to another, it is possible for aperiod of time that both proxy LE Clients will reply to an LE_ARP_REQUEST for the sameLAN-attached endsystem.7.1.7 Obtaining BUS ATM AddressAn LE Client MUST obtain the address of the Broadcast and Unknown Server by sending anLE_ARP_REQUEST for the broadcast group address.7.1.8 Transmitting to Unresolved LAN DestinationFor each C10 data frames for the same unresolved unicast LAN destination sent by an LE Clientto the BUS within a time period C11 seconds, that LE Client MUST send at least oneLE_ARP_REQUEST to the LE Server to resolve that LAN destination.7.1.9 Establishing ConnectionsExcept in a PVC-only environment, upon receiving an LE_ARP_RESPONSE containing anATM address for which it has an unresolved LE-ARP cache entry pending and no existing DataDirect VCC, an LE Client which supports SVCs MUST either issue a connection SETUP for adirect VCC to that address if its available resources permit, or else a connection RELEASE tosome other VCC to free up the resources to make that connection.7.1.10 LE_ARP_REQUEST FrequencyAn LE Client MUST NOT transmit an LE_ARP_REQUEST for the same LAN destination moreoften than once every second.7.1.11 Multicast MAC AddressAn LE Client MUST NOT send an LE_ARP_REQUEST to resolve a multicast (or broadcast,except all 1�s broadcast) MAC address.7.1.12 LE_ARP Cache (C16)An LE Client MUST cache in C16 the LAN Destination / ATM Address mapping informationreceived in at least those LE_ARP_RESPONSEs corresponding to LE_ARP_REQUESTs sentby that LE Client.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee837.1.13 Verifying LE_ARP Cache EntriesAn LE Client MUST attempt to verify an entry in its LE_ARP cache before deleting it due to atime out. An LE Client MAY verify an entry in its LE_ARP cache (C16) by one or more of thefollowing methods: by receiving an LE_ARP RESPONSE or LE_NARP_REQUEST that appliesto the entry; by learning the MAC source address and/or Routing Information Field from anincoming data frame on a Data Direct VCC.7.1.14 Elimination of LE_ARP cache entriesIn order to avoid unnecessary LE_ARP activity, an LE Client SHOULD remove any LE_ARPcache entry which has not been used to forward a data frame for a long period of time, whetheror not that entry has been recently verified.7.1.15 Aging TimeAn LE Client MUST NOT use any entry in its LE_ARP cache (C16) for a Route Descriptor orunicast MAC address after the Aging Time (C17) has elapsed since the last verification of thatentry. (Creation of an LE_ARP cache entry via LE_ARP is a form of verification.)7.1.16 Topology Change Flag (C19)An LE Client whose Topology Change flag (C19) is true SHOULD NOT use any non-local entryin its LE_ARP cache C16 for a unicast MAC address after the Forward Delay Time C18 haselapsed since the last verification of that entry.7.1.17 Updating Topology Change Flag (C19)Whenever an LE Client receives an LE_TOPOLOGY_REQUEST frame from the LE Serverwith the Topology Change bit set in its FLAG field, the LE Client MUST set its TopologyChange flag (C19) to �true�.An LE Client MUST set its Topology Change flag (C19) to �false�whenever it receives an LE_TOPOLOGY_REQUEST frame from the LE Server whose FLAGfield has the Topology Change bit clear.7.1.18 LE_ARP_REQUEST FrequencyIf an LE Client issues an LE_ARP_REQUEST for an LE_ARP Cache entry that is soon toexpire, it MUST NOT issue more than C13 LE_ARP_REQUESTs before the entry expires.7.1.19 Generation of LE_TOPOLOGY_REQUESTsAn LE Client that is acting as an IEEE 802.1D transparent bridge MUST send oneLE_TOPOLOGY_REQUEST to its LE Server for every Configuration BPDU it sends to theBUS. The Topology Change bit in the FLAGS field in the LE_TOPOLOGY_REQUEST MUSTbe set to the same value as the Topology Change bit in the Configuration BPDU.7.1.20 Local Management DirectivesA LE Client MAY send LE_TOPOLOGY_REQUESTs to its LE Server in response to localmanagement directives or network management directives. However, suchLE_TOPOLOGY_REQUESTs MAY be sent while bridge clients are still active, and MAY haveeither value for the Topology Change bit. Note that adverse operation may result in all LEClients when more than one LE Client generates LE_TOPOLOGY_REQUESTs and thetopology change status values do not agree.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee847.1.21 Spanning Tree Configuration BPDUsAn LE Client that is acting as an IEEE 802.1D bridge MAY choose to base its LAN EmulationTopology Change state on Spanning Tree configuration BPDUs, rather than on receivedLE_TOPOLOGY_REQUESTs. This rule19 applies only to IEEE 802.1D bridge clients and takespriority over rules 7.1.16 and 7.1.17.7.1.22 Unresolved LE_ARP_REQUESTsAn LE Client MUST NOT retry an LE_ARP_REQUEST for a given frame�s LAN destinationmore than C13 times after the first LE_ARP_REQUEST for that same frame�s LAN destination.By the time the last-allowed LE_ARP_REQUEST has timed out the LE Client SHOULD havetransmitted the frame to the BUS. This does not preclude sending that frame to the BUS beforethe failure of the address resolution protocol. However, if this transmission would violate therestrictions imposed by the Maximum Unknown Frame Count C10 and Maximum UnknownFrame Time C11, the data frame MUST be discarded.7.1.23 EavesdroppingAn LE Client MAY incorporate information from any LE_ARP_REQUEST orLE_ARP_RESPONSE, even those not directed to that LE Client, into its LE_ARP Cache C16.7.1.24 Generating an Unsolicited LE_NARP_REQUESTAn LE Client MAY generate unsolicited LE_NARP_REQUESTs to allow other clients to learnabout a changed Remote LAN-ATM address binding. A LE_NARP_REQUEST advertises thatthe generating LEC believes that an old binding between TARGET-LAN-DESTINATION andTARGET-ATM-ADDRESS is no longer valid because it is now representing the LANdestination at SOURCE-ATM-ADDRESS.7.1.25 LE_NARP Time LimitsLE_NARP_REQUEST generation is subject to the same repeat/time limits described above forLE_ARP_REQUESTs.7.1.26 LE_NARP_REQUESTs and Topology ChangesAn LE Client MUST NOT generate any LE_NARP_REQUESTs when its Topology Change flag(C19) is set i.e. when there are more general topology changes occurring in the network.7.1.27 LE_NARP_REQUESTs not for Local BindingsAn LE Client MUST NOT generate LE_NARP_REQUESTs for Local bindings, i.e. for bindingsfor which it uses the LE_REGISTER/UNREGISTER mechanism.

19The reason for this rule is as follows. An LE Client that is acting as an IEEE 802.1D bridgemight maintain a combined bridge forwarding database and LE_ARP cache, aging out MACaddresses as appropriate for the Spanning Tree Protocol. At best, receivedLE_TOPOLOGY_REQUESTs will duplicate information which should be available inconfiguration BPDUs. At worst, they might tell the bridge to change aging times in some waythat is inconsistent with the Spanning Tree protocol. For instance, a network manager mighttry to clear the Topology Change mode while the IEEE 802.1D bridge client is stillparticipating in the emulated LAN. To allow the implementation of combined bridgeforwarding databases and LE_ARP caches without requiring bridge clients to violate the IEEE802.1D bridging specification, it is necessary to give Spanning Tree precedence in the event ofsuch conflicts.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee857.1.28 Previously Represented LAN DestinationAn LE Client generating an LE_NARP_REQUEST MUST include the ATM address of the LECwhich was previously representing the LAN destination.7.1.29 Remote Binding AdvertisedAn LE Client which generates a LE_NARP_REQUEST implicitly advertises the fact that it isnow representing the TARGET-LAN-DESTINATION with SOURCE-ATM-ADDRESS as aRemote binding.7.1.30 Updating the LE_ARP CacheLE Clients MAY update their LE_ARP cache from the binding information in receivedLE_NARP_REQUESTs.20217.2 Address Resolution - LE Service View7.2.1 Address Resolution VCCAn LE Server MUST ignore any LE_ARP_REQUEST or LE_ARP_RESPONSE received onany VCC other than a Control Direct VCC.7.2.2 Transmitting LE_ARP_REQUESTs and LE_ARP_RESPONSEsIf an LE Server sends an LE_ARP_REQUEST or LE_ARP_RESPONSE to an LE Client, it mustsend it on the Control Direct VCC (to that client) or the Control Distribute VCC (to that clientand/or other LE Clients).7.2.3 Responding to Known LE_ARP_REQUESTsAn LE Server MAY respond to an LE_ARP_REQUEST for a registered LAN destination withthe information obtained when that LAN destination was registered. The Remote Address bitFlag in this LE_ARP_RESPONSE must be cleared.7.2.4 Not Responding to Unknown LE_ARP_REQUESTsAn LE Server MUST NOT respond to an LE_ARP_REQUEST for a LAN destination that hasnot been registered.7.2.5 Not Forwarding Known LE_ARP_REQUESTsIf an LE Server responds to an LE_ARP_REQUEST, it MUST NOT also forward thatLE_ARP_REQUEST to any LE Client.

20IEEE 802.1d bridges which learn from packet source addresses will probably not gain verymuch from either generating or learning from LE_NARP_REQUESTs. They achieve a bettereffect by performing source-address learning.21Use of LE_NARP_REQUESTs does not resolve the problem of having to deal with LECsusing long timeouts and not listening to LE_NARP_REQUESTs: LECs may still receive morethan one LE_NARP_REQUEST with contradictory information at regular intervals until theresponders resolve who is really representing the LAN Destination, just as they may alsoreceive more than one LE_ARP_RESPONSE for a single LE_ARP_REQUEST for adestination that multiple LECs believe is theirs to represent.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee867.2.6 Forwarding Unknown LE_ARP_REQUESTsIf an LE Server does not respond to an LE_ARP_REQUEST, it MUST forward thatLE_ARP_REQUEST.7.2.7 Forwarding LE_ARP_REQUESTsIf the LE Server does not respond to an LE_ARP_REQUEST for a registered LAN destination,then it MUST forward the LE_ARP_REQUEST to the LE Client that registered that LANdestination. The LE Server MAY also forward that LE_ARP_REQUEST to other LE Clients, aswell.7.2.8 Forwarding LE_ARP_REQUESTs to Proxy LE ClientsAn LE Server MUST forward any LE_ARP_REQUEST for an unregistered LAN destination toall LE Clients that successfully joined as proxy agents (Proxy Flag in the LE_JOIN_REQUEST).The LE Server MAY also forward that LE_ARP_REQUEST to other LE Clients, as well.7.2.9 Responding to LE_ARP_REQUESTs for Broadcast MAC AddressThe LE Service MUST respond to every LE_ARP request for the broadcast MAC address withthe ATM address of the BUS.7.2.10 Forwarding LE_TOPOLOGY_REQUESTsThe LE Server MUST send one LE_TOPOLOGY_REQUEST to all LE Clients for each validLE_TOPOLOGY_REQUEST received from any client. The Topology Change bit in the FLAGSfield in the LE_TOPOLOGY_REQUEST SHOULD match that of theLE_TOPOLOGY_REQUEST last received by the LE Server.7.2.11 Initiating LE_TOPOLOGY_REQUESTsAn LE Server MAY issue LE_TOPOLOGY_REQUESTs without receiving anyLE_TOPOLOGY_REQUESTs. For example, an LE Server may wish to clear the LE Clients�Topology Change flags if all its transparent bridge LE Clients cease operations while the otherLE Clients� Topology Change flags are set.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee877.3 Address Resolution FramesThe LE_ARP frames used to resolve LAN destinations to ATM addresses, and thus VCCs, aredescribed in Table 20.Table 20. LE_ARP Frame FormatOffsetSizeNameFunction02MARKERControl Frame = X�FF00�21PROTOCOLATM LAN Emulation protocol = X�01�31VERSIONATM LAN Emulation protocol version = X�01�42OP-CODEType of request: X�0006� LE_ARP_REQUEST X�0106� LE_ARP_RESPONSE62STATUSAlways X�0000� in requests. In Responses: See Table 13for a list of values.84TRANSACTION-IDArbitrary value supplied by the requester.122REQUESTER-LECIDLECID of LE Client issuing the LE_ARP request.142FLAGSEach bit of the FLAGS field has a separate meaning ifset: X�0001� Remote Address. The TARGET-LAN-DESTINATION is not registered with the LE Server.168SOURCE-LAN-DESTINATIONSource MAC address from data frame that triggered thisLE_ARP sequence. May be encoded with �not present�LAN Destination tag.248TARGET-LAN-DESTINATIONDestination unicast MAC address or next RouteDescriptor for which an ATM address is being sought.3220SOURCE-ATM-ADDRESSATM address of originator of LE_ARP request.524RESERVEDAlways X�00� when sent, ignored on receipt.5620TARGET-ATM-ADDRESSX�00� in LE_ARP request. ATM address of LE Clientresponsible for target LAN destination in LE_ARPresponse.7632RESERVEDAlways X�00� when sent, ignored on receipt.7.4 LE_NARP Frame Format

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee88Table 21. LE_NARP Frame FormatOffsetSizeNameFunction02MARKERControl Frame = X�FF00�21PROTOCOLATM LAN Emulation protocol = X�01�31VERSIONATM LAN Emulation protocol version = X�01�42OP-CODEType of request: X�0008� LE_NARP_REQUEST62STATUSAlways X�0000�.84TRANSACTION-IDArbitrary value supplied by the requester.122REQUESTER-LECIDLECID of LE Client issuing the LE_NARP request.142FLAGSAlways X�00�.168SOURCE-LAN-DESTINATIONNot used. Encoded as X�00�.248TARGET-LAN-DESTINATIONDestination unicast MAC address or next RouteDescriptor for which the target ATM address no longerapplies.3220SOURCE-ATM-ADDRESSATM address of originator of LE_NARP request.524RESERVEDAlways X�00� when sent, ignored on receipt5620TARGET-ATM-ADDRESSATM address of LE Client which was previouslyrepresenting the target LAN destination.7632RESERVEDAlways X�00� when sent, ignored on receipt.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee897.5 Topology Change FramesTopology Change frames are used for notifying all LE Clients that their cached LE_ARPinformation for remote LAN destinations may be incorrect. They are described in Table 22

.Table 22. Topology Change Frame FormatOffsetSizeNameFunction02MARKERControl Frame = X"FF00"21PROTOCOLATM LAN Emulation protocol = X"01"31VERSIONATM LAN Emulation protocol version = X"01"42OP-CODEType of request: X�0009� LE_TOPOLOGY_REQUEST62STATUSAlways X�0000�84TRANSACTION-IDArbitrary value supplied by the requester.122REQUESTER-LECIDLECID of LE Client issuing the Topology Changerequest.142FLAGSEach bit of the FLAGS field has a separate meaning ifset: X"0100" Topology Change Flag. A network topologychange is in progress.1692RESERVEDAlways X�00� when sent, ignored on receipt.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee908. Data Transfer Protocol and Procedures8.1 Data Transfer Phase - LE Client Protocol Mechanisms8.1.1 Data Frame VCCAn LE Client MUST NOT send data frames over any VCCs except Data Direct VCCs andMulticast Send VCCs.8.1.2 Data Frame FrequencyAn LE Client MUST send no more than C10 frames within a time period of C11 seconds to agiven unicast LAN destination to the Broadcast and Unknown Server.8.1.3 Use of LECIDAn LE Client MUST either insert its own LECID (parameter C14) or X�0000� as the first twooctets of any data frame it sends on a data connection.8.1.4 Discarding Frames Based on LECIDAn LE Client MAY examine all frames received on any Data VCC, and discard any frameshaving its own LECID.8.1.5 Maximum Frame SizesAn LE Client MUST NOT send any frame that is larger than its Maximum Frame Size parameterC3 on any data VCC.8.1.6 Forwarding Unicast Data FramesAn LE Client MUST NOT forward any data frame received on a Data Direct VCC or MulticastForward VCC to another Data Direct VCC or a Multicast Send VCC for the same emulatedLAN. This restriction applies to LE Clients in bridges, as well as non-bridges. This is arestriction on the LE Client itself, not the higher-level entities making use of the LE Client�sfacilities.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee918.1.7 Filtering Data FramesEach client is responsible for filtering out only those destinations which it needs to deliver up tohigher layers (See service definition interface, as well as parameter C15).8.1.8 Minimum IEEE 802.3 Data Frame SizeAn LE Client MUST NOT transmit an IEEE 802.3/Ethernet data frame with an AAL5 SDU sizeof less than 62 octets.8.1.9 Minimum IEEE 802.5 Data Frame SizeAn LE Client MUST NOT transmit an IEEE 802.5 data frame with an AAL5 SDU size of lessthan 16 octets.8.1.10 Maximum Data Frame Size (C3)An LE Client using SVCs MUST signal the Maximum Data Frame Size C3 as both the ForwardMaximum CPCS-SDU size and the Backward Maximum CPCS-SDU size for establishing DataDirect, Multicast Send, and Multicast Forward VCCs. An LE Client MUST refuse to establishsuch VCCs with any other Forward Maximum CPCS-SDU size or Backward Maximum CPCS-SDU size.8.1.11 Duplicate Incoming Data Direct VCCWhen a client receives an incoming Data Direct VCC connection request from an ATM addressto which it already has a connection, it SHOULD accept that request. When two Data DirectVCCs are established via signaling between the same two ATM addresses, an LE Client MUSTsend frames only on the connections for which the SETUP message was initiated by thenumerically lower ATM address. This may cause the duplicate VCC to be aged out due toinactivity without the possibility of a race condition removing both VCCs.8.1.12 Data Direct VCC TerminationAn LE Client SHOULD terminate Data Direct VCCs over which no traffic has been sent orreceived for a minimum length of time C12. It MUST indicate the UNI Cause Code (forexample UNI 3.0 Cause �Normal, Unspecified� Cause 31) so that the other end can distinguishbetween accidental failures and deliberate dropping of the VCC.8.1.13 Terminating ELAN MembershipIf the LE Client detects that the Control Direct VCC or the Control Distribute VCC is released atany time other than those specified for the �Join� phase above, then the LE Client MUSTterminate its ELAN membership.8.2 Data Direct Call Establishment8.2.1 Called Client Ready to Receive FramesA called LE Client accepting a Data Direct VCC MUST NOT issue a Connect signaling messageuntil it is ready to receive frames on that VCC. It then MAY establish a time-out C28.8.2.2 Calling Client Action on Receiving CONNECT MessageAn LE Client that receives a Connect message for a requested Data Direct VCC MUST issue aREADY_IND message as soon as it is ready to accept frames on that VCC. It then MAY also

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee92send data or flush frames. It MUST NOT send any frames before it is ready to accept frames.Data or Flush frames MAY be sent before the READY_IND message.8.2.3 Called Client Terminates C28If the called LE Client implements time-out C28, then it MUST terminate time-out C28 uponreceipt of a READY_IND frame. The called LE Client MAY also terminate time-out C28 uponreceipt of any valid frame on the VCC. If the called LE Client transmits any data or controlframes before receiving the READY_IND or valid data, then this data may be discarded by thenetwork as described in Section 2.3.4.1.8.2.4 Called Client Timer C28 ExpiresIf time-out C28 expires, the LE Client MAY transmit data or a READY_QUERY frame. It MAYre-establish time-out C28, and repeat this as desired.8.2.5 READY_IND Response to READY_QUERYAn LE Client receiving a READY_QUERY frame on any operational Data Direct VCC MUSTreply with a READY_IND frame.8.2.6 Ready Frame FormatTable 23. Ready Frame FormatOffsetSizeNameFunction02MARKERControl Frame = X"FF00"21PROTOCOLATM LAN EmulationProtocol=X"01"31VERSIONATM LAN EmulationProtocol=X"01"42OP-CODEX"0003": READY_QUERYX"0103": READY_IND8.3 Data Transfer Phase - BUS Protocol Mechanisms8.3.1 Maximum Frame Age S5The BUS MUST discard any frame which has been held in the BUS for longer than theMaximum Frame Age S5, regardless of other provisions in Section 8.3.8.3.2 BUS Forwarding Data FramesThe BUS SHOULD transmit any valid data frame received from a Multicast Send VCC on eithera Multicast Send VCC or all Multicast Forward VCCs.8.3.3 BUS Forwards on Multicast Forward VCCAll broadcast and multicast traffic received by a BUS MUST be forwarded onto the MulticastForward VCC to each client.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee938.4 Data Transfer Phase - LES Protocol Mechanisms8.4.1 LE Server Detects VCC Release and Terminates ELAN MembershipIf the LE Server detects that the Control Direct VCC or the Control Distribute VCC to/from aclient are released, then the LE Server MUST terminate the client�s emulated ELANmembership.8.4.2 LE Server Terminates ELAN MembershipAt any time during the data transfer phase, the LE Server may close the Control Direct or theControl Distribute VCC to a client with Reason Code 31 in order to terminate the client�semulated ELAN membership.8.5 Delivery of Token Ring FramesWhen the LEC has a frame to send it examines both the frame’s routing information field and theframe’s destination MAC address field to determine where to send the frame and if it shouldLE_ARP. An LE Client emulating Token Ring MUST support address resolution of routedescriptors. The Appendix provides information on determining if a frame is a source routedframe (contains an RI field), determining the RI type, and determining the next RD. A frame isclassified as being a Non Source Routed (NSR), All Routes Explorer (ARE), Spanning TreeExplorer (STE), or a Specifically Routed Frame (SRF).The following requirements are based on NSR traffic being sent on a VCC determined by theframe’s DA and source route traffic being sent on a VCC determined by the frame’s RI field andDA field. The resulting actions and operations are summarized in Table 24 and Table 25.8.5.1 Bridge Response to LE_ARPA source routing bridge MUST respond to an LE_ARP request for one of its RDs.If an LE Client is emulating Token Ring then it MUST function as follows when it sends a dataframe.8.5.2 Initial Frame HandlingThe LE Client sends a NSR frame on the data direct VCC for the frame’s DA. If the VCC isunknown, then the LE Client MUST generate an LE_ARP request for the DA and the frame maybe sent to the BUS.8.5.3 Multicast FramesThe LE Client sends a multicast frame to the BUS.8.5.4 ARE, STE FramesThe LE Client sends an ARE or a STE frame to the BUS. The appropriate Route Descriptorneeds to be added to the RIF and the LTH needs to be recalculated.8.5.5 RI Field LengthThe LE Client that is not part of a bridge may assume that if the RI field of an SRF frame has alength of 6 or more, then the local SEGMENT ID is the first RD in the list and the "next RD" is

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee94SEGMENT ID of the second RD in the list (order depending on the RI direction bit) and theBridge number located between those two SEGMENT IDs (refer to Appendix 12.3.2.3 forinformation on determining the next RD). This implies that the last hop is not this ELAN.8.5.6 Invalid RI FieldThe LE Client MAY discard a frame with an invalid RI field. This includes an RI field with anodd length and a SRF frame with an RI field that does not contain an RD matching the emulatedLAN’s SEG_ID.8.5.7 No HopsAn SRF frame with a RI length less than 6 contains no hops. The LE Client MUST send a SRFframe with no hops on the direct VCC for the frame’s DA. If the VCC is unknown, then the LEClient MUST generate an LE_ARP request for the DA and the frame may be sent to the BUS.8.5.8 Last Hop on Same ELANIf the last hop of a SRF frame is this ELAN, then the LE Client MUST send the frame on thedirect VCC for the frame’s DA. If the VCC is unknown, then the LE Client MUST generate anLE_ARP request for the DA and the frame may be sent to the BUS.8.5.9 Next RDIf the length of a SRF frame’s RI field is 6 or more and this ELAN is not the last hop, then theLE Client MUST send the frame on the direct VCC for the "next_RD". If the VCC for the"next_RD" is unknown, then the LE Client MUST generate an LE_ARP request for the"next_RD" and the frame may be sent to the BUS.Table 24. LAN Destination of Token Ring FramesDestination Address:Frame TypeUnicast:Multicast:Non source Routed (NSR)VCC(DA)BUSExplorer (ARE or STE)BUSBUSSpecifically Routed (SRF)Table 25BUSVCC(DA):Use the frame’s DA as the basis for delivering the frame. If theVCC is not known, LE_ARP with the DA as the target address.BUS:Send to the BUS.Table 25:If this is the last hop then use the DA otherwise use the RD assummarized in Table 25 (which follows).

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee95Table 25. LAN Destination for Unicast SRF Token Ring FramesRouting InformationDestination:No hopsVCC(DA)Last hopVCC(DA)Not last hopVCC(next_RD)VCC(DA):Use the frame’s DA as the basis for delivering the frame. If theVCC is not known, LE_ARP with the DA as the target address.VCC(next_RD): Use the next_RD as the basis for delivering the frame. If theVCC is not known, LE_ARP with the next_RD as the target address.8.6 Maximum Data Frame Size.As stated in Section 1, the main objective of the LAN emulation service is to enable existingapplications to access an ATM network as if they were running over traditional LANs. Anemulated LAN corresponds more or less to a single LAN segment, and an LE Client correspondsmore or less to a NIC. In a traditional LAN, MTU is the same for all adapters on a given LANsegment regardless of destination address. In order to support conventional LAN services wherethe maximum frame size is the same for all adapters on a given LAN segment, all LE clients thatbelong to a given emulated LAN use the same maximum AAL-5 SDU size for all theirconnections.The LAN Emulation components MUST use one of the maximum AAL-5 SDU sizes of 1516,4544, 9234, and 18190 octets for data frames - and for establishing data SVCs. These sizes havebeen selected to support bridging to existing LANs. The basis for these sizes follow and issummarized in 12.4.1 in the Appendix.Table 26. Maximum Data Frame SizeAAL-5 SDU Max. octetsAAL-5 PDU Max. octetsBasis for SDU Size15161536 (32 cells)IEEE 802.3/Ethernet45444560 (95 cells)IEEE 802.5 Token Ring 4Mbps92349264 (193 cells)RFC 16261819018240 (380 cells)IEEE 802/5 Token Ring 16Mbps

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee969. Flush Message Protocol, Procedures and Frame FormatsA LAN emulation client may send unicast frames to the same destination LAN address via theBroadcast and Unknown Server and via a data direct VCC at different times. The flush messageprotocol allows the sender to avoid the possibility of delivering frames out of order caused byhaving two paths. When switching from the �old� path to the �new� path, the sender firsttransmits a flush message down the old path, then sets appropriate table entries so that any furtherframes for the given LAN destination will be held (or discarded) at the sender and not transmitted.The flush message is a special frame distinguishable from a data frame by having a reserved value(X�FF00�, marker for control frame) in the LAN emulation data frame header in place of theLECID of the sender. The flush message must be returned to the sender by the receiving client viacontrol VCCs. Once the sender receives the returned flush message, it knows that the old path isclear of data for that LAN destination, and it can start using the new path.Note that Flush messages may be exchanged between LE Clients, but are never forwarded by abridge to a legacy LAN.9.1 Flush Message Protocol and ProceduresThe Flush Message Protocol ensures that data frames are delivered in the same order that theywere transmitted. Flush Protocol messages are of two types:•LE_FLUSH_REQUEST: Flush requests are sent by an LE Client down a Data Direct VCCor Multicast Send VCC to ensure that all data frames in transit on that path have reachedtheir destination LE Client.•LE_FLUSH_RESPONSE: Flush responses are returned by LE Clients via Control DirectVCCs and Control Distribute VCCs in response to received LE_FLUSH_REQUESTs.These frame formats are described in Table 27.9.1.1 Mandatory ProtocolThe following requirements apply to any LE Client or LE Service Component, whether or notthe LE Client chooses to implement the flush message protocol for ensuring the order of deliveryfor data frames.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee979.1.1.1 LE_FLUSH_REQUEST VCCAn LE Client MAY send an LE_FLUSH_REQUEST over any Data Direct VCC or MulticastSend VCC.9.1.1.2 Ignoring LE_FLUSH_REQUEST Prior to JoinThe points below notwithstanding, an LE Client MUST NOT respond to anLE_FLUSH_REQUEST arriving on a VCC associated with an ATM Emulated LAN for whichthe client has not successfully completed the Join procedure.9.1.1.3 Forwarding LE_FLUSH_REQUESTsThe BUS MUST distribute any LE_FLUSH_REQUEST received via its Multicast Send VCC toat least the LE Client specified in that frame�s target ATM address via its Multicast Send VCC orits Multicast Forward VCC(s), if that LE_FLUSH_REQUEST does not specify the BUS�s ATMaddress as its target. The BUS MAY distribute requests targeted to its own ATM addresses, aswell.9.1.1.4 Responding to LE_FLUSH_REQUEST on Control Direct VCCAn LE Service Component MAY respond to an LE_FLUSH_REQUEST directed to that LEService component. If it does respond, it MUST respond to an LE_FLUSH_REQUESTspecifying its own ATM address as the target in such a manner that theLE_FLUSH_RESPONSE will be returned to the requester on a Control VCC.9.1.1.5 Responding to LE_FLUSH_REQUESTAn LE Client MUST respond to an LE_FLUSH_REQUEST it receives on any VCC if thatLE_FLUSH_REQUEST specifies that LE Client�s ATM address as its target, by returning anLE_FLUSH_RESPONSE to the sender of the LE_FLUSH_REQUEST. The responding LEClient MUST use its Control Direct VCC to send the response.9.1.1.6 Ignoring LE_FLUSH_REQUESTAn LE Client MUST NOT respond to an LE_FLUSH_REQUEST with a TARGET-ATM-ADDRESS that is not its own.9.1.1.7 Forwarding LE_FLUSH_RESPONSEThe LE Server MUST relay LE_FLUSH_RESPONSEs whose SOURCE-ATM-ADDRESS fieldmatches the information in the REQUESTER-LECID field to at least the LE Client specified inthe REQUESTER-LECID field.9.1.2 Optional ProtocolAn LE Client MAY have two paths available to reach any given LAN destination, either a DataDirect VCC, or the Multicast Send VCC to the Broadcast and Unknown Server. In order toensure that data frames sent to a given LAN destination are delivered in the same order sent, anLE Client SHOULD perform the following flush message protocol whenever it switches datapaths to reach that LAN destination.•NOTE: In this section, the words SHOULD, MUST, SHOULD NOT, and MUST NOT apply only to LE Clients that choose to implement the flush message protocol.9.1.2.1 Transaction ID in LE_FLUSH_REQUESTThe LE Client MUST send an LE_FLUSH_REQUEST on the old data VCC (either a DataDirect VCC or a Multicast Send VCC). This request MUST contain a Transaction ID notcurrently in use by the LE Client. (The Transaction ID MAY, for example, be a counter that isincremented each time a new Transaction ID is needed.) It MUST also contain the requester�sATM address and the ATM address of the target LE Client to which the path is being switched.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee989.1.2.2 Changing Data PathsUntil the LE Client originating the LE_FLUSH_REQUEST receives theLE_FLUSH_RESPONSE with a matching Transaction ID, or until it times out (time C21)waiting for that response, it MUST NOT send any data frames over the old data path destined forthe same LAN destination that prompted sending the LE_FLUSH_REQUEST.9.1.2.3 Discarding or Holding Data FramesData frames destined for a LAN destination that is awaiting an LE_FLUSH_RESPONSE MAYbe discarded, or MAY be held by the LE Client until the LE_FLUSH_RESPONSE is received ortimed out.9.1.2.4 Data Frame HandlingIf an LE Client times out an LE_FLUSH_REQUEST, and it is holding data frames awaiting therequest�s LE_FLUSH_RESPONSE, those held frames MUST either be discarded or sent downthe old data path. The LE Client MAY then send another LE_FLUSH_REQUEST with a newTransaction ID. If it does so, it MUST ignore any LE_FLUSH_RESPONSE received with theold Transaction ID. Note that limitations on the frequency of sending unicast frames to the BUSmay require some held frames to be discarded.9.1.2.5 Transmitting Held FramesOnce the LE_FLUSH_RESPONSE is received, the LE Client MUST transmit any held dataframes on the new data path before transmitting any further frames on the new path.9.1.2.6 Switching Over Paths Without FlushRegardless of the provisions of the rest of Section 9.1, when switching from the old path to anew path, if an LE Client has not transmitted a data frame to a particular LAN destination via theold path for a period of time greater than or equal to the Path Switching Delay C22, then it MAYstart using the new path without employing the Flush protocol.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee999.2 Flush FramesFlush messages are used for ensuring the in-order delivery of data frames. They are described inTable 27.Table 27. Flush Frame FormatOffsetSizeNameFunction02MARKERControl Frame = X"FF00"21PROTOCOLATM LAN Emulation protocol = X"01"31VERSIONATM LAN Emulation protocol version = X"01"42OP-CODEType of request: X�0007� LE_FLUSH_REQUEST X�0107� LE_FLUSH_RESPONSE62STATUSAlways X�0000� in requests. In Responses: See Table 13for a list of values.84TRANSACTION-IDArbitrary value supplied by the requester and returned bythe responder.122REQUESTER-LECIDLECID of LE Client issuing the flush request.142FLAGSAlways 0 sending, ignored on receipt.1616SOURCE-LAN-DESTINATIONAlways X�00� when sent, ignored on receipt.3220SOURCE-ATM-ADDRESSATM address of originator of flush request.524RESERVEDAlways X�00� when sent, ignored on receipt.5620TARGET-ATM-ADDRESSATM address of LE Client to which flush request isdirected.7632RESERVEDAlways X�00� when sent, ignored on receipt.10. Termination Protocol and Procedures

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee100Procedures to be used by an LE Client and an LE Server when terminating an LE Client�semulated LAN membership are defined to ensure that clients may be effectively managed by theLAN Emulation service.10.1 Termination - LE Client View10.1.1 Releasing SVCsWhenever the preceding sections on Protocols and Procedures indicate that an LE Clientterminate a procedure or an LE Client�s connection to the emulated LAN, with the exceptionsdefined below, all SVCs associated with this LE Client, including all Control VCCs, all DataDirect VCCs and any Data VCCs to/from the BUS, MUST be released and any PVCs MUST nolonger be used. These call release operations are supported by UNI signaling protocols. Theclient MUST also flush any dynamically-learned entries from its LE_ARP cache.10.1.2 LE Client Returns to Configuration PhaseIf a client�s membership is terminated by an explicit server release of Control Direct or ControlDistribute VCCs signaled with UNI Reason Code (for example UNI 3.0/3.1 �Normal,Unspecified� - Cause 31, or UNI 3.1 �Normal Call Clearing, Cause 16�), the client MUSTperform the functions described in Section 10.1.1 and return to the Initial State.10.2 Termination - LE Service View (LES or BUS)10.2.1 LE Server and BUS ActionsWhenever the preceding sections on Protocols and Procedures indicate that an LE Server or BUSterminate a procedure or an LE Client�s connection to the emulated LAN, with the exceptionsdefined below, all SVCs associated with this LE Client MUST be released with the UNI ReasonCode (for example UNI 3.0/3.1 �Normal, Unspecified� - Cause 31, or UNI 3.1 �Normal CallClearing, Cause 16�), and the PVCs are no longer used. The LE Server MUST clear anyregistered LAN destinations and cached address bindings associated with that LE Client.10.2.2 SVC Re-establishmentAn LE Server or BUS MUST NOT attempt to re-establish the SVCs to any LE Client after theyhave been released for any reason. It is the LE Client�s responsibility to reinitiate its connectionto the emulated LAN.10.2.3 LE Client May Have Service Refused or TerminatedThe LAN Emulation Service MAY terminate and/or refuse service to any LAN Emulation Clientwhose behavior violates the normative rules in the LAN Emulation specification.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee10111. Usage of ATM AddressesIn order to support SVC-only and mixed PVC/SVC environments, ATM LAN Emulationcomponents must be able to reliably associate incoming LAN Emulation SVCs with particularemulated LANs and functions within each emulated LAN.In general, there are two ways of identifying such associations.1.Explicit identification. The SVC Setup message, or some protocol sent over the new VCC,identifies the emulated LAN and the usage of a VCC.2.Implicit identification. ATM addresses of LE components are allocated in such a way thatthey help to identify emulated LANs and LAN functions.LAN Emulation uses a combination of these techniques. Call setup using UNI signalingprocedures MUST indicate whether LAN Emulation SVCs carry LE Control traffic, LEMulticast Ethernet/IEEE 802.3 traffic, LE Multicast IEEE 802.5 traffic, LE Data DirectEthernet/IEEE 802.3 traffic, or LE Data Direct IEEE 802.5 traffic (Section 3.3.2.7.4). Inaddition, LE Clients, LE Servers, and Broadcast and Unknown Servers rely upon implicitidentification to direct SVCs to the proper LAN Emulation component.For the purposes of the normative statements below, a LAN Emulation component is defined tobe any of the following: a LAN Emulation Client, a LAN Emulation Server, a Broadcast andUnknown Server, or a LAN Emulation Configuration Server.11.1 ATM Address Uses SummaryLAN Emulation components MUST adhere to Table 28 when assigning and utilizing ATMaddresses. In Table 28, there are four ATM addresses, X, C, B, and S, plus other addressesmarked �any�. Except for addresses B and S (which may or may not be equal to each other),each of the four named ATM addresses MUST be distinct. Each of the four MUST be uniqueamong all LE Clients� ATM addresses.Table 28. ATM Address UsesUsageAllowed ATMAddressA particular LE Client�s primary ATM addressX

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee102LECS�s ATM address as seen by LE Client XCBUS�s ATM address as seen by LE Client X (maybe == S)BLES�s ATM address as seen by LE Client X (maybe == B)SData Direct VCC calling partyany*Data Direct VCC called partyanyConfiguration Direct VCC calling partyanyConfiguration Direct VCC called partyCControl Direct VCC calling partyXControl Direct VCC called partySMulticast Send VCC calling partyXMulticast Send VCC called partyBMulticast Forward VCC calling partyany*Multicast Forward VCC called partyXControl Distribute VCC calling partyany*Control Distribute VCC called partyXConfigure Request SOURCE-ATM-ADDRESSXConfigure Response TARGET-ATM-ADDRESSSJoin Request SOURCE-ATM-ADDRESSXLE_ARP Response for the BUS: TARGET-ATM-ADDRESSB* any of the ATM addresses belonging to the entity initiating the connection.11.2 LE Client ATM Addresses11.2.1 Primary ATM AddressAn operational LE Client MUST have a primary ATM address, and MAY have other ATMaddresses.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee10311.2.2 Use of Primary AddressAn LE Client MUST use its primary ATM address for establishing the Control Direct VCC, forestablishing the Multicast Send VCC, and as the SOURCE-ATM-ADDRESS in itsLE_JOIN_REQUEST control frames. An LE Client MUST NOT change its primary ATMaddress without terminating its connection (if any) to the emulated LAN.2211.2.3 Unique ATM AddressAn operational LE Client MUST have unique ATM addresses. None of an operational client�sATM addresses may be shared with any other LAN Emulation component, even if two LANEmulation components are co-located and share the use of a UNI. ATM hosts can thereforeassociate an incoming LAN Emulation SVC with the proper LE Client on the basis of the CalledParty Number.11.3 LE Server ATM Addresses11.3.1 ATM Address RequiredAn operational LE Server MUST have at least one ATM address, and MAY have more.11.3.2 Sharing ATM AddressAn LE Server MAY share an ATM address with a Broadcast and Unknown Server on the sameemulated LAN.11.3.3 When Sharing ATM Address not validAn operational LE Server MUST NOT share an ATM address with any LAN Emulationcomponent other than a BUS, even if two LAN Emulation components are co-located and sharethe use of a UNI. In particular, two LE Servers for different emulated LANs MUST NOT sharean ATM address.11.4 Broadcast and Unknown Server ATM Addresses11.4.1 BUS ATM Address RequiredAn operational Broadcast and Unknown Server MUST have at least one ATM address, andMAY have more.11.4.2 Sharing an ATM AddressA Broadcast and Unknown Server MAY share an ATM address with a LE Server on the sameemulated LAN.

22 After a client leaves an emulated LAN, other clients CAN remember its ATM addresses intheir LE_ARP caches until their cache entries time out (which might take several minutes).Hosts that want to reassign ATM addresses to a different LAN Emulation component ought totake precautions to prevent the establishment of Data Direct VCCs which cross two emulatedLANs.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee10411.4.3 When Sharing ATM Address not validAn operational Broadcast and Unknown Server MUST NOT share an ATM address with anyLAN Emulation component other than a LES, even if two LAN Emulation components are co-located and share the use of a UNI. In particular, two Broadcast and Unknown Servers fordifferent emulated LANs MUST NOT share an ATM address.11.5 LE Configuration Server ATM Addresses11.5.1 ATM Address RequiredAn operational LE Configuration Server MUST have at least one ATM address, and MAY havemore.11.5.2 Sharing an ATM AddressSeveral operational LE Configuration Servers MAY share a �well-known� ATM address, butany one LE Client is only aware of a single instance: this is ensured by the assumed definition ofa "well-known" address. Note that it is highly desirable for the LE Configuration Service to beset up in such a way that clients who tear down and re-establish Configuration Direct SVCs seeconsistent information. How this is accomplished is beyond the scope of the LUNI.11.5.3 When Sharing ATM Address not validAn operational LE Configuration Server MUST NOT share an ATM address with a LE Client,LE Server, or Broadcast and Unknown Server.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee10512. Appendix12.1 Network Management ConsiderationsNetwork management of a LAN Emulation Client is defined using SNMP MIBs. Several MIBsare relevant, including• RFC 1573 - Evolution of the Interfaces Group of MIB-II.• RFC 1695 - Definitions of Managed Objects for ATM Management, otherwise known as theAToM MIB.• The LAN Emulation Client MIB.12.2 ILMI Extensions for LAN Emulation (ILMI MIB)UNI interface management is defined to use ILMI. This specification extends the ILMI MIB toprovide access to the LECS address.23ATM-FORUM-SRVC-REG DEFINITIONS ::= BEGINIMPORTSatmForumUni, atmForumAdminFROMATM-FORUM-MIBOBJECT-TYPEFROM RFC-1212;-- Textual Convention---- Representations of this MIB Module of an ATM address-- use the data type:AtmAddress ::= OCTET STRING (SIZE (8 | 20))-- New MIB Groups

23See Section 5.2.1.1

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee106atmfSrvcRegistryGroupOBJECT IDENTIFIER ::= { atmForumUni 8 }-- Object Identifier definitions---- The following values are define dfor use as possible values-- of the atmfSrvcRegServiceID object.atmfSrvcRegTypesOBJECT IDENTIFIER ::= { atmForumAdmin 5 }-- LAN Emulation Configuration Server (LECS)atmfSrvcRegLecsOBJECT IDENTIFIER ::= { atmfSrvcRegTypes 1 }-- The Service Registry Table---- The Service Registry Table is implemented by the network side-- of the ATM UNI portatmfSrvcRegTable OBJECT-TYPESYNTAXSEQUENCE OF AtmfSrvcRegEntryACCESSnot-accessibleSTATUSmandatoryDESCRIPTION�The table implemented by the UNI Management Entity on thenetwork side of the ATM UNI port contains all of theservices that are available to the user-side of the UNIindexed by service identifier.�::= { atmfSrvcRegistryGroup 1 }atmfSrvcRegEntry OBJECT-TYPESYNTAXAtmfSrvcRegEntryACCESSnot-accessibleSTATUSmandatoryDESCRIPTION�Information about a single service provider that isavailable to the user-side of the ATM UNI port.�INDEX{ atmfSrvcRegPort, atmfSrvcRegServiceID, atmfSrvcAddressIndex }::= { atmfSrvcRegTable 1 }AtmfSrvcRegEntry ::=SEQUENCE{atmfSrvcRegPortINTEGER,atmfSrvcRegServiceIDOBJECT IDENTIFIER,atmfSrvcRegATMAddressAtmAddress,atmfSrvcRegAddressIndexINTEGER}atmfSrvcRegPort OBJECT-TYPESYNTAXINTEGER (0..2147483647)ACCESSnot-accessibleSTATUSmandatoryDESCRIPTION

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee107�A unique value which identifies the UNI port forwhich the service provider is available to theuser-side. The value of 0 has the special meaningof identifying the local UNI.� ::= { atmfSrvcRegEntry 1 }atmfSrvcRegServiceID OBJECT-TYPESYNTAXOBJECT IDENTIFIERACCESSnot-accessibleSTATUSmandatoryDESCRIPTION�This is the service identifier which uniquely identifiesthe type of service at the address provided in the table.�::= { atmfSrvcRegEntry 2 }atmfSrvcRegATMAddress OBJECT-TYPESYNTAXAtmAddressACCESSread-onlySTATUSmandatoryDESCRIPTION�This is the full address of the service. The user-sideATM UNI port may use this address to establish a connectionwith the service.�::= { atmfSrvcRegEntry 3 }atmfSrvcRegAddressIndex OBJECT-TYPESYNTAXINTEGERACCESSnot-accessibleSTATUSmandatoryDESCRIPTION"An arbitrary integer to differentiate multiple rows containing different ATM addresses for the same service on the same port."::= { atmfSrvcRegEntry 4 }END

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee10812.3 State Machine Description of LAN EmulationThis appendix presents a state machine model of the following LAN Emulation elements:• LAN Emulation Client (LE Client),• LAN Emulation Configuration Server (LECS),• LAN Emulation Server (LE Server) and• Broadcast and Unknown Server (BUS).The purpose of this appendix is to help ensure the correctness and completeness of thespecification and to increase its clarity. This is important to assure interoperability at the LUNIinterface between an LE Service from a particular vendor and LE Clients from any other vendor.This model should be viewed as a possible interpretation of the LAN Emulation specification.Note that some of the transitions are implementation dependent, either optional or determined bylocal policy.Each state machine is modeled with a set of

states and a set of transitions

. Each transitioninterconnects a pair of states. The behavior of a state machines is based on events and actions: ifan event happens when the machine is in a particular state, then the action is performed and astate transition takes place (potentially back to the same state). Events are either reception of aframe over a VCC, a command from the higher layer or timer expiration. An event triggers atmost one transition. An event that is not specified in the state machine is ignored.An asterisk in the figures for the State Machine indicates the unlabeled state change is identicalto another one marked with the same asterisk.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee10912.3.1 The LAN Emulation ClientEach LE Client is modeled with a main state machine that starts from theLM_LEC_INITIALIZE.request higher layer command and establishes the Operational_LECstate by going through the configuration, joining, and BUS communication phases.A set of state machines, one per local MAC address, describes the registration process of eachaddress. These machines apply only after the LE Client has completed the joining phase.An additional set of state machines, one set per LAN Destination (MAC address or routedescriptor), describes the establishment of valid LDs while in the Operational_LEC state. Eachof these "LD" machines establishes an operational LAN Destination (LD) by performingLE_ARP, VCC setup, etc.12.3.1.1 The LE Client State MachineThe LE Client state machine is shown in Figure 10 and Figure 11. Each of the transitions isdescribed in more detail below.Figure 10. LE Client State Machine (Initialization)

IdleConfigSetupJoiningCSCS1:Configure:CI1:JI1ICS1:LM_LEC_INIT.req& LES not knownSetup 1st LECS, start timerILS1:LE_INIT.req & LES knownSetup LESCSC1:Connect ind.Config req.Release ind. & moreSetup next LECSLESSetup�success� Config res.Setup LESCLS1:�error� or �insf. info� Config res. & no moreor timeoutRelease req.LSJ1:Connect ind.Set Control_Direct_VCC,Join req.Release ind. or timeoutRelease acknowledge

tmeout or �error� Join res.Release req., Release Distributed

CSC2:Release ind.& no more&well known VCCConfig req. on VCI=17

timeoutCSI1:

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee110ICS1:When the higher layer issues an LM_LEC_INITIALIZE.request to the LE Client,the LE Client may or may not know the ATM address of the LE Server. If the LEClient does not know the ATM address of the LE Server, then it tries to setup theConfig VCC to an LECS, based on the first ATM address from the list ofpotential ATM addresses of LECSs. The LE Client obtains this list throughinteraction with ILMI (the interaction is not specified here). A well known ATMaddress of an LECS is also part of the list. . It also starts the config/join timer. (seeSec. 3.4.1.1, 5.2.1).CSCS1:If an attempt to setup the Config VCC to the LECS fails and the LE Client hasmore ATM addresses of potential LECSs in its list, then the LE Client repeats theattempt to setup the Config VCC, to the next ATM address in the list. (see Sec.5.2.1.1).CSC1:If the establishment of the Config VCC is successful, then the LE Client sends aConfig request over the newly established Config VCC. This request includes atleast the primary ATM address of the LE Client, and optionally more parameters.(see Sec. 5.3.1.1).CSC2:If the list of the LECSs is exhausted (i.e., the attempt to setup the last connectionfails), then the LE Client uses the well known VCC (VCI=17) to send an Configrequest. (see sec. 5.2.1.3).CSI1:If the config/join timer expires before establishing a Config VCC, then the statemachine returns to the Idle state.CLS1:Upon receiving a successful Config response, the LE Client tries to set up ControlDirect VCC to the LE Server, based on the ATM address from the Configresponse frame. (see sec 5.3.1.3, 5.3.1.4, 5.4.1.1).CI1:If the Config response indicates an "error" or "insufficient information", or if theconfig/join timer expires before receiving a Config response, then the statemachine returns to the Idle state and the LE Client releases the Config VCC, . (seesec. 5.3.1.2, 5.3.1.5, 5.3.1.6).ILS1:If the LE Client knows the ATM address of the LE Server without consulting theLECS, then it tries to setup the Control Direct VCC. It also starts the config/jointimer. This causes the state machine to skip to the LES_Setup state. LSJ1:After receiving a Connect indication and completing the establishment of theControl Direct VCC, the LE Client sends a Join request with the properparameters to the LE Server. (see sec. 5.4.1.2).LSI1:Back to the Idle state if the attempt to setup the Control Direct VCC fails or theconfig/join timer expires before the connection is established. (see sec. 5.4.1.9).

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee111JJ2:The LE Client may receive an indication that the LE Server initiated theestablishment of a Control Distribute VCC. In that case, the LE Clientacknowledges the connection. Note that the first leaf of the point to multipointControl Distribute VCC is performed with a Setup. Subsequent leafs areestablished with Add Party. (see sec. 5.4.1.3, 5.4.1.5).JI1, JI2:Back to the Idle state if the LE Client receives a Join response with "error" or ifthe config/join timer expires before receiving a successful Join response. (see sec.5.4.1.8, 5.4.1.10).Figure 11. LE Client State Machine (Join, LE_ARP)

Joining or

Joining_1

LE_ARP

for BUS

Operational LEC Setup

BUS:SI2

JL1:�success� Join res.LE_ARP �FFFF..�, updateLS1:LE_ARP res.Setup �Multicast Send�

BUS_1�Multicast send�Connect ind.Set Multicast_Send_VCCSS1::OI1

SO1:�Multicast Forward�Add Party ind.set Multicast_Forward_VCC,Add Party ack.LM_LEC_INIT.confrm:LI1

Idle****Release of Control_Direct or Control_Distribute Release conf. and release the other VCC

rcv Data frame & not filteredtransfer LE_UNITDATA.indOO2:

send Flush res.OO4:

LM_LEC_TOPOLOGY.requestsend Topology Change ind. OO7:

rcv �data� Connect ind.Connect ack. & update cacheOO1:

**:SI1

rcv Topology Change ind.set Age_thresholdOO6:**

::OJ1Release of BUS_Send or BUS_ForwardRelease conf. and release the other VCC , LE_ARP�FFFF...�JL1:If the LE Client receives a successful Join response, it issues an LE_ARP for theBUS (an all "1" MAC address) and clears the config/join timer. The LE Clientupdates it parameters, in particular the LECID, based on the information in theJoin response. (see sec 5.4.1.4, 5.4.1.7, 5.6.1.1.1).LS1:The LE Client receives the LE_ARP response with the ATM address of the BUS.It uses that address to try and set up the Multicast Send VCC. (see sec. 5.6.1.1.2).SS1:The LE Client receives a Connect indication and completes the establishment ofthe Multicast Send VCC to the BUS. (see sec. 5.6.1.1.3).

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee112SO1:The LE Client receives an indication from the BUS to establish a MulticastForward VCC. In case of a point to multipoint VCC, the indication is a Setup forthe first leaf and an Add Party for the subsequent ones. The LE Clientacknowledges the establishment of the Multicast Forward VCC, enters theOperational_LEC state and issues an LE_LEC_INITIALIZE.indicate to thehigher layer. (see sec. 5.6.1.1.3).LI1, SI1, SI2, OI1:If at any time, the LE Client or LE Server the Control Direct VCC or theControl Distribute VCC, then the LE Client initiates the release of all the rest andgoes back to the Idle state. (see sec. 5.6.1.1.4, 8.1.13).OJ1:If at any time, the LE Client or BUS release the Multicast Send VCC or theMulticast Forward VCC, then the LE Client initiates the release of the other oneand goes to the Joining state. (see sec. 5.4.1.11).The following group of transitions describes the LE Client’s behavior while in theOperational_LEC state.OO1:The LE Client accepts incoming Direct VCCs from other LE Clients if resourcesare available. The LE Client records the Direct VCCs in its LAN Destinationcache. (see sec. 8.1.11).OO2:The LE Client filters Data frames that arrive on the Direct VCCs and on theMulticast Forward VCC, based on the LECID, Destination MAC address orSource MAC address (subject to local implementation). The LE Clientencapsulates the frames that pass filtering in LE_UNITDATA.indications andtransfers them to the higher layer. (see sec. 3.1.2, 8.1.4).OO3:The LE Client responds to each of the LE_ARP requests that include a MACaddress that the LE Client had either registered or (if it joined as a Proxy) knowsto be reachable. The response includes the ATM address that matches the MACaddress. (see sec. 7.1.3, 7.1.4, 7.1.5, 7.1.6).OO4:The LE Client responds to all the Flush requests that include one of its ATMaddresses. The Flush request is received over a data VCC and the Flush responseis transmitted over the Control Direct VCC. (see sec. 9.1.1.2, 9.1.1.5, 9.1.1.6).OO6:The LE Client updates its cache aging threshold based on incomingTopology_Change indications: if the flag is set, then the aging is accelerated,otherwise it is back to its default. (see sec. 7.1.16, 7.1.17, 7.1.18).OO7:An LE Client, that is an 802.1-D bridge, issues a Topology Change requestfollowing a higher layer LM_LEC_TOPOLOGY.request associated with sendinga Topology Change BPDU. (see sec. 3.4.1.7, 7.1.20).

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee11312.3.1.2 Registration State MachinesRegistration state machines are invoked by each LM_LEC_REGISTER(LD).request commandfrom the higher layer. This is done only if the LE Client state machine has finished its Joiningphase.The Registration state machine is described in Figure 12. Each of the transitions is described inmore details below.Figure 12. Registration State Machines

Operational LEC or

LE ARP for BUS or

Setup BUS (1)rcv �success� Register res.stop timer

timeout & retries < C13Send Register req. , start timerRR2:RO1:LE_CONTROL(register LD)Send Register req., start timerOR1:rcv �fail� Register res. or timeout & retries = C13

Registering

RegisteredRR1:

LE_CONROL(Unregister)send Unregister req.OU1:

UnregisteringUU1: Unregister res. or timeout & retries = C13 timeout & retries < C13send Unregister req.UO1:OR1:The LE Client sends a Register request with the local LD and starts the Registertimer upon receiving an LE_CONTROL(register LD).req from the higher layer.RR1:When the LE Client receives a successful Register response, with the respectiveLD, it clears the Register timer. At that point, the particular LD is registered.RR2:If the Register timer expires, and the number of retries is less than the maximum,then the LE Client re-sends the Register request and restarts the Register timer.(see sec. 6.1.1.6).

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee114RO1:If the returning Register response indicates failure or the Register timer expiresand the number of retries exceeds the maximum, then the registration of this LDfails. The LE Client notifies the higher layer with an LE_STATUS.indication.(see sec. 6.1.1.8).OU1:The LE Client sends an Unregister request with the local LD and starts theRegister timer upon receiving an LM_LEC_UNREGISTER(LD).request from thehigher layer.UO1:If the returning Unregister response indicates success or the Register timer expiresand the number of retries exceeds the maximum, then the unregistration of thisLD is complete.UU1:If the Register timer expires, and the number of retries is less than the maximum,then the LE Client re-sends the Unregister request and restarts the Register timer.12.3.1.3 The LAN Destination State MachinesA LAN Destination state machine is invoked by each LE_UNITDATA.request from the higherlayer. This is done only if the LE Client state machine is in the Operational_LEC state.The LAN Destination state machine is described in Figure 13 and Figure 14. It includes thefollowing states:Figure 13. LAN Destination State Machines (LE_ARP)

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee115

Operational LEC

LE_ARPingAge < age_thresholdremove from cache

Known

KD1:KF1:IK1:learn & no VCCupdate cacheLE_UNITDATA.reqSetup req., queue/drop Connect ind. (see OO1)*

*KK1:

learnupdtae cache

learn & VCC existsupdate cacheIO1:

IL1:LE_UNITDATA.reqsend to BUSLE_ARP req.Frame_count := 1LE_ARP_count := 0LL1:

LE_UNITDATA & Frame_count < C10send to BUS, incr. Frame_count

FlushLL3:

LF1:LE_ARP res.

drop (??), timer:=0, Frame_count:=0

LD1:LE_ARP res. or learn & VCC does not existupdate cache & Setup req.

LO1:LE_ARP res. or learn&VCC existsupdate cache, send queued data (if applicable)

Direct_Setup

Operational

KO1:Connect ind. (see OO1)

Flush

Operational:KI1Figure 14. LAN Destination State Machines (Direct Setup)

:DK1:OK1

DO1:Connect ind.send queued data (if applicable)

*LE_UNITDATA.reqsend on Direct_VCC

learnupdate cache

DD2:

learnupdate cache:OO1:OO2

*Release indReleaseRelease ind.

Known

I d l e DD1 LE_UNITDATA & Frame_count < C10send to BUS, incr. Frame_countDD3:

LE_UNITDATA & Frame_count =C10 drop

:DF1FF1:

LE_UNITDATAqueue/dropFF2:

learnupdate cache:OI1:FI1

:FK1Release ind

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee116• Operational_LEC: the LE Client does not associate this LD with any ATM address or DirectVCC.• LE_ARPing: the LE Client has sent an LE_ARP for this LD and is awaiting a response.• Known: the LE Client associates this LD with an ATM address but not with a Direct VCC.• Direct_Setup: the LE Client has initiated and is awaiting the completion of the setup of aDirect VCC to the remote LE Client.• Flush: the LE Client has sent a Flush request and is awaiting a response.• Operational_LD: the LE Client associates this LD with an ATM address and a Direct VCC tothe remote LE Client. In this state it sends LE_UNITDATA.requests from the higher layerover the respective Direct VCC.The detailed description is presented in three groups: transitions following the reception ofLE_UNITDATA.requests, transitions following learning and other transitions.IL1:When an LE_UNITDATA.request for an LD that is not in the cache arrives fromthe higher layer, then the LE Client initiates an LE_ARP request and sends theframe to the BUS (or queues/drops it, depending on policy). The decision as tosend to the BUS, queue or drop frames whose LD is unknown depends on thelocal implementation. The LE Client initializes the Frame counter and LE_ARPcounter.LL1, DD1:If the Frame counter is less than the maximum, the LE Client forwards newLE_UNITDATA.requests to the BUS and increments the Frame counter, subjectto the restriction of sending no more than C11 frames in a C10 time period to theBUS. The frames may be queued or dropped, based on local policy.LL3:When the Frame counter reaches its maximum, and the LE_ARP counter doesnot, then the LE Client forwards the new LE_UNITDATA.requests to the BUS,increments the Frame counter (subject to the restriction of sending no more thanC11 frames in a C10 time period), sends an LE_ARP request and increments theLE_ARP counter. The frames may also be queued or dropped, based on localpolicy. LL5:When both the Frame counter and the LE_ARP counter reach their maximum,then the LE Client discards the new LE_UNITDATA.request, and initializes theFrame counter and LE_ARP counter.KD1:When the ATM address is known, the LE Client initiates a connection setup andforwards the new LE_UNITDATA.requests to the BUS. The frames may also bequeued or dropped, based on local policy.DD3:While in the Direct_Setup state, if the Frame counter reaches its maximum, thenthe LE Client forwards the new LE_UNITDATA.requests to the BUS (subject tothe restriction of sending no more than C10 frames in a C11 time period) and

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee117increments the Frame counter. The frames may also be queued or dropped, basedon local policy.FF1:While in the Flush state, the LE Client queues or discards all the newLE_UNITDATA.requests from the higher layer.OO1:While in the Operational_LD state, the LE Client sends all the newLE_UNITDATA.requests over the proper Direct VCC. This transition is themajor objective of LAN Emulation!The following group specifies the behavior during learning:IK1:When the LE Client learns an ATM address (from an LE_ARP response or from aData frame) and it does not know the respective Direct VCC, it updates the Cache(initializes the Age timer) and goes to the Known state.IO1:When the LE Client learns an ATM address (from an LE_ARP response or from aData frame) and it knows the respective Direct VCC, it updates the Cache(initializes the Age timer) and goes directly to the Operational_LD state.LD1:While in the LE_ARPing state, if the LE Client receives an LE_ARP responsewith (or learns in another way) an ATM address LD association and it does notknow the Direct VCC, then it initiates the setup of a direct VCC, updates thecache, initializes the Age timer, clears the LE_ARP timer and transitions to theDirect_Setup state.LF1:While in the LE_ARPing state, if the LE Client receives an LE_ARP responsewith (or learns in another way) an ATM address LD association and it knows theDirect VCC and (depending on the implementation) it has used the BUS duringthe last BUS latency time, then it sends a Flush request, updates the cache,initializes the Age timer, clears the LE_ARP timer and transitions to the Flushstate.LO1:While in the LE_ARPing state, if the LE Client receives an LE_ARP responsewith (or learns in another way) an ATM address LD association and it knows theDirect VCC and it has not used the BUS during the last BUS latency time, then itsends the accumulated Data frames (if applicable), updates the cache, initializesthe Age timer, clears the LE_ARP timer and transitions directly to theOperational_LD state.KK1, DD2, FF2, OO2: When the LE Client (re)learns an ATM address of the LD, it reinitializesthe Age timer.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee118The following group describes other transitions:KO1:While in the Known state, if the LE Client receives a Setup indication for therespective ATM address (e.g., due to the other LE Client setting up a connectionto the first one) and it has not used the BUS during the last BUS latency timewindow, then it sends the queued Data frames over the Direct VCC andtransitions directly to the Operational_LD state.KF1:While in the Known state, if the LE Client receives a Setup indication for therespective ATM address and it has used the BUS during the last BUS latency timewindow, then it sends a Flush request for that ATM address over the MulticastSend VCC and transitions to the Flush state.DO1:While in the Direct_Setup state, if the LE Client receives a Connect indication forthe respective ATM address and it has not used the BUS during the last BUSlatency time window, then it sends the queued Data frames over the Direct VCCand transitions directly to the Operational_LD state.DF1:While in the Direct_Setup state, if the LE Client receives a connect indication forthe respective ATM address and it has used the BUS during the last BUS latencytime window, then it sends a Flush request for that ATM address over theMulticast Send VCC and transitions to the Flush state.FO1:When the LE Client receives a Flush response that matches its outstanding ATMaddress, then it send the queued Data frames over the Direct VCC (if applicable)and transitions to the Operational_LD state. (see sec. 9.1.2.2, 9.1.2.5).OO3:While in the Operational_LD state and the LE Client has sent at least one Dataframe over the Direct VCC since the last initialization of the Age timer, the LEClient issues an LE_ARP request a little before the Age timer is about to expire(enough time to allow the LE_ARP response to return). (see sec. 7.1.13, 8.1.12).DK1, FK1, OK1:If the LE Client receives a Release indication while in the Direct_Setup,Flush or Operational_LD state, then it returns to the Known state.DI1, KI1, FI1, OI1:When the Age timer expires, the LE Client removes the LD from thecache and returns to the Idle state. Note that the Age timer may expire due to achange in the Topology Change flag (not just elapsed time).

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee11912.3.2 The LE Configuration ServerThe LE Configuration Server (LECS) is modeled with a set of state machines, one per Config VCC froma particular LE Client. The state machine is specified in Figure 15. Following is a more detaileddescription of each transition:Figure 15. LE Configuration Server State Machine

rcv Setup req.send Connect ind.

I d l e

ActiveIA1:

rcv C o n f i g req. & found in CONF_DBsend C o n f i g res. w/ LES ATM addr.A A 1 :

:AI1rcv Releasesend Release complete

rcv C o n f i g req. & NOT foundsend C o n f i g res. w/ "insuff. info."or �error�A A 2 : IA1:This is the "wake up" transition for the state machine that configures the new LE clientwho has initiated a setup request to the LECS. If the LECS exists and decides toaccept the call, then it returns a Connect to complete the establishment of the ConfigVCC. (see sec. 5.2.2)AA1:The LECS receives a Config request over the Config VCC from an LE client and theConfig data base contains an entry indicating the ATM address of an LE Server thatwill serve this LE client. The LECS returns a Config response with the appropriateconfiguration information (in particular the ATM address of the LE Server) to the LEclient. (see sec. 5.3.2)AA2:The LECS receives a Config request from the LE client and the Config data base doesnot contain an entry indicating the ATM address of an LE Server that will serve thisclient. The incoming frame may conflict with the Config data base or it may containinsufficient information to derive the ATM address of the LE Server. The LECSreturns a Config response indicating "error" or "insufficient information". (see sec.5.3.2).AI1:The LECS receives a Release request which is interpreted as indicating that the LEclient does not need any more configuration information. The LECS responds with aRelease complete to terminate the Config VCC and the state machine returns to theIdle state.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee12012.3.3 The LAN Emulation ServerThe LAN Emulation Server (LE Server) is modeled with a set of state machines, one per Control DirectVCC from a particular LE Client. The state machine is specified in Figure 16 and Figure 17. Followingis a more detailed description of each transition, first the joining process:Figure 16. LAN Emulation Server (Join)

rcv Setup req.send connect ind.; start timer

Joining

Operational

LESIJ1:JO1:rcv proper Join req; no need for Dist. VCCsend Join res. w/ new LECID; clr timerrcv proper Join req; need for Dist. VCCsend "Add party" req.rcv"Add party ack"send Join response w/ new LECID; clr timer

rcv improper Join reqsend Join response w/ "Invalid"JI2:

:JI2timeoutsend Release rcv proper Join reqsend Join response w/ assigned LECID:OO1 timeout send Release

rcv Release reqsend Release complete; clr context:OI1

Add PartyJP1:PO1:

rcv Release req send Relese complete:PI3:PI1

:JI1rcv Releasesend Relese complete

rcv add party rej send Relese:PI2

rcv improper Join reqsend Release; clr context:OI2

IdleIJ1:This is the wake up transition for this state machine to provide service to a new LEclient. If resources are available, then the LE Server accepts the Setup request byreturning a Connect indication to complete the establishment of the Control DirectVCC. The LE Server starts the timer S4, and transitions to the Joining state. (see sec.5.4.2.1)JO1:The LE Server receives a Join request with proper values of LAN Type, MAX MTU,and LE client ATM address. If, by local policy, the LE Server decides not to establisha Control Distribute VCC, then it returns a Join response with a unique LECID (andother parameters). The LE Server records LE Client specific information and registersan LD (if one is piggybacked on the Join request). It clears the timer and enters theOperational_LES state. (see sec. 5.4.2.9, 5.4.2.4, 5.4.2.8)JP1:The LE Server receives a Join request with proper values of LAN Type, MAX MTU,and LE client ATM address. If, by local policy, the LE Server decides to establish a

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee121Control Distribute VCC, then it sends a Setup (for the first leaf) or Add Party requestto establish the Control Distribute VCC. The LE Server records LE Client specificinformation and registers an LD (if one is piggybacked on the Join request).(see sec.5.4.2.4).PO1:The LE Server receives a confirmation of the successful addition of the LE client tothe Control Distribute VCC. It returns a Join response with a unique LECID (and otherparameters). It clears the timer and enters the Operational_LES state. (see sec. 5.4.2.8,5.4.2.9, 5.4.2.11).JI2, OI2: While in the Joining or Operational_LES state, if an LE Server receives a Join requestwith at least one improper value of LAN Type, MAX MTU, or client ATM address,then it returns an "invalid" Join response and returns to the Idle state. (see sec. 5.4.2.4,5.4.2.5, 5.4.2.6, 5.4.2.8, 5.4.2.14, 5.4.1.15).JI1, PI1: While in the Joining or Add_Party state, if the LE Server receives a Release requestfrom the LE Client, it responds with a Release complete, it initiates the release of theControl Distribute VCC (if established), clears its data base from the LE Clientspecific information and from the registered LD (if applicable), and returns to the Idlestate. (see sec. 5.4.2.7, 5.4.2.13).OI1:While in the Operational_LES state, if the LE Server receives a Release request for theControl Direct VCC, the Control Distribute VCC, it responds with a Release completefor that one and initiates the release of the rest. It clears its data base from the LEClient specific information and from the registered LD (if applicable) and returns tothe Idle state. (see sec. 5.4.2.13, 8.4.1, 10.2.1).JI3, PI3: If the timer expires then the LE Server interprets that the LE client will not or cannotproceed with the joining process. The LE Server releases the Control Direct VCC andreturns to the Idle state. (see sec. 5.4.2.12)PI2:While in the Add_Party state, if the LE Server receives an Add Party reject or (for thefirst leaf) a connection release, namely, the establishment of the Control DistributeVCC failed, the LE Server releases the Control Direct VCC and returns to the Idlestate. (see sec. 5.4.2.7).OO1:If the LE Server receives a (duplicate) Join request, probably because the previousresponses failed to reach to the client, and the content of the request is identical to therequest that caused the state machine to leave the Joining state, then it sends aresponse on the Control VCC or Control Distribute VCC acknowledging the request.(see sec. 5.4.2.14).The following group of transitions specifies the transitions while in the Operational_LES state:Figure 17. LAN Emulation Server (Registration)

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee122

Operational_LES

rcv Register req. & NOT foundsnd Register res. & add to REG-DB.OO2:

rcv Register req. & found and correctsnd Register res.OO3:

rcv Register req. & Multicastsnd Register res. w/ "Duplicate or invalid"OO4:

rcv UnRegister reqsnd UnRegister res.OO5:

rcv LE ARP req. & found in REG-DBsnd LE ARP res. w/ ATM address of destinationOO11:

rcv LE ARP req. & Broadcastsnd LE ARP res. w/ BUS addressOO12:

rcv LE ARP req. & NOT found in REG-DBforward LE ARP req. OO13:

rcv LE ARP res.forward LE ARP res.OO14:

rcv Flush res.forward Flush res.OO21:

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee123OO14:When the LE Server receives an LE_ARP response, then it forward the frame to thespecific LE Client, based e.g., on the Requester-LECID, or (based on local policy) itforwards the frame to all the LE Clients.OO21:When the LE Server receives a Flush response, then it forward the frame to thespecific LE Client, based e.g., on the Requester-LECID, or (based on local policy) itforwards the frame to all the LE Clients.OO23:When the LE Server receives a TOPOLOGY_CHANGE request, then it forward theframe to all the LE Clients.OO24:When the LE Server receives an LM_LEC_TOPOLOGY.request from the higher, thenit send a TOPOLOGY_CHANGE request to all the LE Clients.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee12412.3.4 The Broadcast and Unknown ServerThe Broadcast and Unknown Server (BUS) is modeled with a set of state machines, one per potentialMulticast Send VCC from a particular LE Client. The state machine is described in Figure 18. Followingare more details about each transition:Figure 18. Broadcast and Unknown Server rcv �Multicast Send� Setup req.send Connect ind.; send Add party req.

IdleSignalingIS1:

rcv Add party ack.SA1:

:AI1rcv Release req.send Release In_VCC and Out_VCC

Active

:SI1rcv Release req.send Release complete

AA1:rcv Data frameforward Data frame

AA2:rcv Flushforward Flush

AA3:rcv Flush for BUSforward Flush to LESIS1:This state machine wakes up when a client that is to be served initiates a connection tothe BUS. The BUS accepts the Setup request (for the Multicast Send VCC) andinitiates the establishment of the Multicast Forward VCC. The first leaf is establishedwith a Setup request and subsequent leafs are setup with Add Party requests,depending on the implementation. (see sec. 5.6.1.2.1).SA1:When the BUS receives a Connect indication (or Add Party indication) for theMulticast Forward VCC, then it is ready for data forwarding and the state machineenters the Active state. (see sec. 5.6.1.2.2, 5.6.1.2.3)AA1:While in the Active state, the BUS forwards all the frames that arrive on the MulticastSend VCC to the Multicast Forward VCC, namely, to all the LE Clients. (see sec.8.3.1, 8.3.2, 8.3.4).AA2:While in the Active state, the BUS forwards all the Flush requests that arrive on theMulticast Send VCC to the Multicast Forward. (see sec. 8.3.3, 9.1.1.3).AA3:While in the Active state, the BUS may forward Flush requests with its own ATMaddress that arrive on the Multicast Send VCC the LE Server.SI1, AI1: When the BUS receives a Release request for the Multicast Send VCC or the MulticastForward VCC, it acknowledges the release and initiate the release of the other one.The interpretation is that the client no longer requires service. The state machinereturns to the Idle state. (see sec. 5.6.1.2.4, 10.2.1).12.4 Special Topics

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee12512.4.1 Maximum Frame Size CalculationIEEE 802.3/Ethernet MAX Frame size is based of the maximum of 1518 octets for the DA (6octets), SA (6 octets), Type/Length (2 octets), Info (1500 octets), and FCS (4 octets) fields.Since LANE data frames also includes the 2 octet LAN Emulation Header (LEH) but does notinclude the FCS field, the Emulated Ethernet MAX Frame Size is 1516 octets (LEH, DA, SA,Type/Length, and Info fields). This results in 32 ATM cells (48 byte payload per cell) or 1536octets including 12 octets of pad and the 8 octet trailer.IEEE 802.5 Token Ring MAX Frame Size is based on the 9.1 msec token holding timer whichallows for 4550 octets at 4 Mbps operation and 18200 octets at 16 Mbps operation. Theselengths include the starting delimiter (SD=1 octet), access control (AC=1 octet), frame control(FC=1 octet), DA (6 octets), SA (6 octets), RI (0˚to˚30 octets), INFO, FCS (4 octets) fields,Ending delimiter (ED=1 octet), frame status (FS=1 octet) field, and the inter-frame gap (IFG).The minimum IFG for 4 Mbps operation is 1 octet and is 5 octets for 16 Mbps operation. Sincethe LANE data frame includes the 2 octet LEH but does not include the SD, FCS, ED, FS, andIFG, the Emulated Token Ring MAX Frame Size is 4544 octets for 4 Mbps and 18190 octets for16 Mbps. For 4 Mbps operation this results in 95 ATM cells or 4560 octets including 8 octets ofpad and the 8 octet trailer. For 16 Mbps operation this results in 380 ATM cells or 18240 octetsincluding 42 octets of pad and the 8 octet trailer.RFC 1626 �Default IP MTU for use over AAL5� MAX Frame Size is based on a maximumMTU of 9180 octets for the user_data plus 8 octets for the LLC/SNAP header. This length doesnot include the AC (1˚octet), FC (1˚octet), DA (6 octets), SA (6 octets), and RI (0˚to˚30 octets)fields. Since the LANE data frame includes the 2 octet LEH the Emulated Token Ring MAXFrame Size is 9234 octets. This results in 193 ATM cells or 9264 octets including 22 octets ofpad and the 8 octet trailer.The following table shows the basis and how the maximum frame size has been determined.Table 29. Maximum Frame Size CalculationAAL-5SDU Max.octetsAAL-5 PDUMax. octetsFields:Basis:15161536 (32cells)LEH, DA, SA, Type/Length,INFO802.3/Ethernet1500 octets Infofield45444560 (95cells)LEH, AC, FC, DA, SA, RI,INFO802.5 4Mbps9.1 msec THT92349264 (193cells)LEH, AC, FC, DA, SA, RI,INFO802.5 16MbpsRFC 1626 DefaultIP MTU for useover ATM AAL51819018240 (380cells)LEH, AC, FC, DA, SA, RI,INFO802.5 16Mbps9.1 msec THTNote: IEEE 802.3 and 802.5 INFO field includes the 8 octet LLC/SNAP headerAAL-5 PDU size = SDU size + 8 (PDU trailer) + pad to 48*n octets12.4.2 Token Ring Source Routing Information and StructuresThis annex explains how the LE Client decodes the source routing information in a frame.•How to determine if the RI field is present.

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee126•How to determine the RI_type.•How to determine if the ELAN is the last hop.•How to determine the next_RD when the ELAN is not the last hop.12.4.2.1 Determining if the Routing Information Field is Present.The frame’s source address (SA) field identifies the station that originated the frame. In contrastto the DA field, the Individual/Group (I/G) bit is not encoded in the SA since the SA isconstrained to be an individual address and thus the implied value for the I/G is always 0. In itsplace is the routing information indicator (RII) bit used to indicate the presence or absence of aRouting Information (RI) field in the frame. If the RII bit is 0, then no RI field is present (i.e., anNSR frame). If the RII bit is 1, then the RI field is present. There is no change to theUniversal/Local (U/L) bit which still indicates whether the address is universally or locallyadministered (same as the DA field).

RII 6 octets46 bitsuniversal(0) or local(1)routing information indicator (1=RI present)

U/LFigure 19. Source Address Field12.4.2.2 ROUTING INFORMATION (RI) FIELD Format.When a frame’s routing information indicator bit in the source address field is equal to 1 (RII=1),the RI field is included in the frame. The RI field immediately follows the SA field as shown inFigure 20. The following provides sufficient information for a LE Client to determine the size ofthe RI field and parse the frame properly. The detailed structure and contents for the RI field aredescribed in ISO/IEC 10038 (IEEE 802.1D) [4] and ISO/IEC 8802-2 (IEEE 802.2) [9].

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee127Figure 20. Routing Information Field ContentFigure 21 shows the detailed format for the RI field24.

MSBLSBRTLTHDLFrRDLAN_ID-MSBBR

LAN_IDRD

LAN_ID-MSBBRLAN_IDLAN_ID-MSBLAN_IDRD123456Octet:LTHLTH-112x=LTH/2-11122xx21o o ox

RouteControlnot usedFigure 21. Routing Information Field FormatRI Type (RT). These three bits indicate the type of the RI field.RT=000: Specifically Routed Frame (SRF)RT=10x: All Routes Explorer (ARE)RT=11x: Spanning Tree ExplorerLENGTH BITS (LTH). These five bits indicate the length (in octets) of the RI field. LTHfield values are even values between 2 and 30 inclusive.Direction (D). This bit indicates the direction that the frame is traversing the specifiedLANs. If the D bit is 0, then the frame is traversing the LANs in the order in which theRDs are specified (RD1 to RD2 to ... to RDx). Conversely, if the D bit is set to 1, the

24See [11].

RI Field (Length represented by LTH Field)

LTHRTDLFrRDRDRDRC fieldsRD fieldsNumber of Bits:351616

11616

SAInfo12x RI = Routing Information (2 to 30 octets when present) RT = RI_type (3 bits) (SRF, ARE, or STE) LTH = Length of RI field (5 bits) (number of octets) D = Direction (1 bit) indicates ordering of RDs (D=0::RD1 to RDx, D=1::RDx toRD1) LF = Largest Frame size (6 bits) (encoded) r = reserved (1 bit) (for future use) RD = Route Descriptor (16 bits) (Segment_ID and Bridge)

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee128frame will traverse the LANs in the reverse order (RDx to RDx-1 to ... to RD1). The Dbit is only meaningful for SRF frames.Largest Frame bits (LF). These 6 bits are used to indicate the largest frame that maytraverse the specified route. These bits are not meaningful to the LE Client entity.reserved (r). This bit is reserved for future use.Route Descriptor (RD). Each route descriptor consists of 16 bits as indicated in Figure 22.LAN_IDBridge_numberNumber of Bits:4

12MSBLSBFigure 22. Route Descriptor Format12.4.2.3 Determining the "Next_RD"The "next_RD" is the term used to describe the Segment_ID and Bridge Number to the nextLAN segment. An RI field is built by sending an explorer (ARE or STE) frame through thebridged network. When the RI field is built, each bridge that forwards the frame adds portions ofthe information until the RI field contains the Segment_ID of the each of the segments and therelative bridge number between any two segments. The information to determine the "next_RD"is relative to the position of the ELAN’s Segment_ID and the value of the D bit. The "next_RD"is only applicable for SRF frames.When the length of a SRF’s RI field is less than 6, then there are no hops and the destination ison this ELAN. When the length is 6 or more, the LE Client searches the Segment_IDs in the RIfield of the SRF frame until it finds the one that matches the Segment_ID of the emulated LAN.This is RDn and contains {Segment_IDn, BRn}. The LEC which is not part of a source routingbridge may assume that RDn is the first RD in the list (RD1) when the direction bit (D) is 0 orthe last RD in the list (RDx) when D=1. If D=0 and RDn is the last RD in the list, then there isnot a "next_RD" and the last hop is this ELAN (i.e., the destination is on the local ELANsegment). Also if D=1 and RDn is the first RD in the list, then there is not a "next_RD" and thelast hop is this ELAN. Otherwise this ELAN is not the last hop and the SRF frame needs to beforwarded to the bridge as specified by the "next_RD".The RD immediately before RDn is RDn-1 and it contains {Segment_IDn-1, BRn-1}. The RDimmediately after RDn is RDn+1 and it contains {Segment_IDn+1, BRn+1}. When thedirection bit (D) is 0 then the "next_RD" is the Segment_ID from the RDn+1 and the bridgenumber from RDn. When the D bit is 1, the "next_RD is composed of the Segment_ID andbridge number from RDn-1.BRnnn+1n+1

BRn-1n-1

BRn+1RDRDRDnn-1

SEG_IDSEG_IDSEG_IDIf D=0 then "next_RD" = {SEG_IDn+1, BRn}If D=1 then "next_RD" = {SEG_IDn-1, BRn-1}Figure 23. Extracting "next_RD"

LAN Emulation Over ATM - Version 1.0af-lane-0021.000ATM FORUM Technical Committee12912.4.3 PVC ConfigurationA goal of this specification is to make the operation of LAN Emulation as independent aspossible of the choice of whether to use PVCs, SVCs, or both, to connect the various LANEmulation components. The specification assumes the use of SVCs, and assumes that thedifferences between SVCs and PVCs can largely be hidden by means outside the scope of thisspecification. One means to achieve this independence is by pre-configuring the LAN Emulationcomponents as follows:¥For each PVC an LE Client is configured with:¥The LE Client�s ATM address;¥The ATM address of the LAN Emulation component at the other end of the PVC;¥The B-LLI code point associated with the PVC.¥For each Control Direct PVC the LE Server is configured with:¥The LE Server�s ATM address;¥The LE Client�s primary ATM address;¥The LE Client�s LECID;¥The B-LLI code point associated with the PVC;¥All {LAN Destination, ATM address} registration pairs for that LE Client.In both lists, the ATM addresses and B-LLI code points are not exchanged by UNI signaling;they are pre-configured values representing the values that presumably would be exchanged bySVC signaling, if the configured PVC were an SVC. In effect, pre-configuration is beingsubstituted for actual UNI signaling. (See also Section 3.1.1).If the LE Server is restarted with empty registration tables, it cannot release Control PVCs andcause the LE Clients to re-initialize. An LE Server may be restarted in the interval between twodifferent clients� joins or address registrations. Preconfiguring the LECID and addressregistration information allows the LE Server to meet its obligations to those two LE Clients toensure the uniqueness of the LECIDs and address registrations. Other methods are possible, e.g.methods involving non-volatile RAM. Pre-configuration is presented as one of the methodswhich enable LAN Emulation components to work with PVCs.The absence of UNI signaling prevents conveying the setup or release of a PVC connection fromone LAN Emulation component to another. Except for this absence, configuring PVCinformation in the LE Client and LE Server does not preclude the normal operation of the LANEmulation protocols. Operations such as Configuration, join phase, address resolution, andaddress registration can take place normally and in accordance with the relevant sections of thisspecification.Use of non-fully-meshed PVCs in a PVC-only environment limits rate of traffic between two LEClients for which no Data Direct VCC exists to connect them. (See 7.1.8).End of Document