This information is subject to change without notice.See Notice of Disclaimer on Title Page.3-1613.3.1Local-area network interconnectionThe ISDN primary rate interface can provide a high speed (up to 1.54 Mbps) interconnection of two LANs.Using the dial-up capabilities of PRI allows you to connect only the number of B channels that are needed.Thus, it eliminates the need for an under-utilized high speed leased line. This capability is especiallyimportant in interconnecting large LANs that have the occasional need to transfer very large amounts ofinformation while meeting severe response time requirements.Configuration:

National ISDN -2 Network

This information is subject to change without noticeSee Notice of Disclaimer on Title Page3-162Obtain Equipment with TheseCapabilitiesRouter/Bridge¥Compatible interfaces with Local LANs (e.g., Ethernet,Token Ring).¥Router (or Bridge) functions compatible with LANOperating Systems and personal computercommunications software.¥Automatic dialing of peer Router based on destinationaddress from LAN protocol.¥High speed serial interface (e.g., V.35) at 384 kbps.Inverse Multiplexer/PRI Terminal Adapter¥Inverse multiplexing function to form N x 64k (56k)channel from N individual 64k (56k) circuit-data calls.Calls can be over PRI or multiple BRIs. Alternatively,place SWF-DS1 (Multirate ISDN) calls on a PRI atspeeds greater than 64 kbps.¥The Inverse Multiplexer or TA can connect to thenetwork through a PBX, Multiplexer, or other privatenetwork equipment.¥Support one or more directory number values for usewith circuit-data calls.¥Support Calling Number Identification Services forcircuit-data calls.Private Branch Exchange (PBX)¥Support simultaneous voice and redundant data accessto the network by offering BRI and/or PRI interfaces toInverse Multiplexers or PRI Terminal Adapters.Request These Capabilities From ISDNService ProviderNetwork Interface to Inverse Multiplexer orTerminal Adapter (PRI)¥One 23B+D PRI.¥Directory Numbers (DNs) as required by application.¥B channels with:Circuit-data.SWF-DS1 (Multi-rate ISDN).¥Features for Circuit-Data-None required.-Optional Calling Number Identification Services.Network Interface to Inverse Multiplexer - BRINetwork Services Required:¥One or more BRI. (2B)For each BRI:¥Two B channels for circuit-data calls. If using NI-1,this requires two circuit-data DNs and SPIDs.¥Circuit-Data Features:-None required. ( See Technical Note )-Optional Calling Number Identification Services.Subscription or Ordering Information:¥This interface is configured for two simultaneouscircuit-data calls (NIIG 14). Other NIIGs which havethis functionality include 15, 17, 24, 25, and 27.¥Parameter Groups for Circuit-Data Features:-None required. ( See Technical Note )-A la carte: Calling Number Identification Services(Optional)Network Interface to PBX¥One 23B+D PRI.¥Directory Numbers (DNs) as required by InverseMultiplexing or SWF-DS1 equipment.¥B channels with:-Voice-Circuit-Data-SWF-DS1 (Multirate ISDN)¥Features for Voice, Circuit-data, & SWF-DS1:-None required-Optional Calling Number Identification Services.

This information is subject to change without notice.See Notice of Disclaimer on Title Page.3-163Technical NotesThe inverse multiplexers can utilize a PRI or multipleBRI lines network access. The choice will dependchiefly on the total required bandwidth and economicsof the services and related CPE (NT-1�s, CSU, etc.) --the services are functionally identical in thisapplication.¥By using PRI with SWF-DS1 (Multirate ISDN), therouter can (through a PBX, Multiplexer orcommunications controller) use a single nx64 channelprovided by the network. More information on highbandwidth configurations may be found in Section5.1.9.¥The Router with Inverse Multiplexer needs to usecompatible protocols for framing MAC layer packets(e.g., Ethernet packets) onto ISDN circuit-data, andcompatible protocols for inverse multiplexing.¥If the information transferred from the LAN is greaterthan 1536 kbps, (i.e., 10 Mbps Ethernet, 16 Mbpstoken ring, etc.) an inverse Multiplexer may be used tocombine channels from PRI(s) or multiple BRIs. TheInverse Multiplexer is typically connected to the routerusing a high-speed serial interface such as HSSI.¥LAN administrators at each end should configure theirrouters with an association of destination LANaddresses with ISDN Directory Number(s) of peerrouter(s).¥ISDN Supplementary Services: Calling NumberIdentification may be used to provide additionalsecurity to the network.¥Significant Router options:-Ability to dynamically add or drop B channels fromconnection as needed by inter-LAN traffic load-Ability to dial out to other router locationssimultaneously. For example, the 23 B+D interfaceallows the local router to simultaneously dial out toone remote at H0 = 384 kbps and to another remoteat H11 = 1536 kbps.-Security screening functions, used to verify identity ofpeer router based on its calling or redirecting number¥For detailed signaling flow diagrams, see Sections5.2.1.5 (Circuit-data Call Setup), 5.2.1.6 (Circuit-dataCall clearing), 5.2.3.4 (Circuit-data Call Setup), 5.2.3.7(Multirate Call Setup), and 5.2.3.8 (Call clearing).

This information is subject to change without noticeSee Notice of Disclaimer on Title Page3-164

This information is subject to change without notice.See Notice of Disclaimer on Title Page.3-1653.3.2File transfer and LAN access in a PBXenvironmentA company with PBXs at two locations wants to make it easier for workers at the different sites to worktogether. By bringing ISDN to the desktop for voice and data integration, people can exchange draft memos,spreadsheets, and presentations without the cost and inconvenience of faxes. By keeping work in electronicform, its easy to make changes and customize results. With ISDN’s bandwidth and low error rates, files canbe transferred quickly. Whether inside the organization or between companies, users can move informationeasily with widely available file transfer programs.Configuration:

NationalISDN -2NetworkPRIISDNPBXPRICommunications Server

This information is subject to change without noticeSee Notice of Disclaimer on Title Page3-166Obtain Equipment with TheseCapabilitiesPrivate Branch Exchange (PBX)¥Support PRI.¥Line side 2B+D BRIs for each user, with simultaneousvoice and circuit-data calling.Personal Computers¥File transfer and communications software compatiblewith far end.¥Serial connection to Terminal Adapter (e.g., RS-232,RS-449, V.35).ISDN Terminal Adapter¥B channel capabilities:-Voice calling on a single B channel.-Circuit-data calling on a single B channel.-Alternate voice and circuit-data calling on a singleB channel.-If using NI-2 (or NI-1), support for one DirectoryNumber (DN) and Service Profile ID (SPID) will beneeded.-Support rate adaptation for rates lower than 64kbps. For example, asynchronous communicationsmay be rate adapted using V.120.¥Physical interfaces:-For TA, analog phone jack.-Serial connection to Personal Computer (e.g., RS-232, RS-449, or V.35 ).-RJ-45 connector to NT-1, or integrated NT-1Communications Server¥Application software compatible with communicationsoftware and with far end.¥Accounting and security features that use the callingnumber.¥Multiple BRIs to meet network traffic requirements.¥B channel capabilities for each BRI:-Simultaneous circuit-data calling on two Bchannels.-Support for the circuit-data features listed under"Network Interface to Communications Server".¥Physical interfaces:-Local LAN (e.g., Ethernet or Token Ring).-RJ-45 connector to NT-1, or integrated NT-1.Request These Capabilities From ISDNService ProviderNetwork Interface to PBX¥One 23B+D PRI.¥Directory Numbers (DNs) as required by application.¥B channels with:-Voice.-Circuit-data.¥Features for Voice and Circuit-Data:-Calling Number Information Services.Network Interfaces to ISDN Terminal AdapterNetwork Services Required:¥One BRI. (2B)¥If using NI-2, a single DN and SPID.¥One B channel for voice calls, with (if NI-1) voice DNand SPID.¥One B channel for circuit-data calls, with (if NI-1)circuit-data DN and SPID.¥Voice Features:-None required.¥Circuit-Data Features:-None required.Subscription or Ordering Information:¥This interface is configured for simultaneous voicecalls and circuit-data calls (NIIG 11). Other NIIGswhich have this functionality include 12, 15, 17, 21, 22,25, and 27.¥Parameter Groups for Voice Features:-None required.¥Parameter Groups for Circuit-Data Features:-None required.

This information is subject to change without notice.See Notice of Disclaimer on Title Page.3-167Network Interface to Communications ServerNetwork Services Required:¥One or more BRI. (2B)For each BRI:¥If using NI-2, a single DN and SPID.¥Two B channels for circuit-data calls, with (for NI-1)circuit-data DNs and SPIDs.¥Circuit-Data Features:-Multiline Hunt Group.-Calling Number Identification Services.Subscription or Ordering Information:¥This interface is configured for two simultaneouscircuit-data calls (NIIG 14). Other NIIGs which havethis functionality include 15, 17, 24, 25, and 27.¥Parameter Groups for Circuit-Data Features:-A la Carte: Multiline Hunt Group.-Calling Number Identification Services.Technical Notes¥Calling number delivery can be used for screeningwhen calling the communications server.¥An existing communications server (dial-up router, orterminal server) can be adapted to support ISDNaccess. Change out modems or CSU/DSUs forTerminal Adapters.¥The Lower Layer Compatibility Information Element(LLC-IE) can communicate rate-adaptation detailsend-to-end. For details on V.120 rate adaptation, andthe use of the LLC Information Element for circuit-data calls, see Sections 5.1.4 and 5.1.5.¥For details on subscription and ordering informationusing NIUF ISDN Interface Groups (NIIG) and NIUFParameter Groups (NIPG) , see Section 5.1.11.¥For detailed Signaling Flow Diagrams for thisapplication, see Sections 5.2.1.4 (Voice Call Setup),5.2.1.5 (Circuit-data Call Setup) and 5.2.1.6 (Voice andCircuit-data Call Clearing).¥For detailed signaling flow diagrams, see Section5.2.3.4 (Circuit-Data Call Setup), 5.2.3.7 (MultirateCall Setup), and 5.2.3.8 (Call Clearing)..

This information is subject to change without noticeSee Notice of Disclaimer on Title Page3-168

This information is subject to change without notice.See Notice of Disclaimer on Title Page.3-1693.3.3Private lines overflow and disaster recoveryCertain wide area networks (WANs), due to sustained traffic volume, may justify the use of full-timededicated lines. ISDN costs are generally based on usage and in some instances may not be cost effective asa replacement of the full-time dedicated facilities. However during peak usage periods, ISDN can be used toexpand bandwidth. Also, in the event of a failure of the dedicated facilities, ISDN can be used as anautomatic back-up WAN connection. Thus, ISDN is a low cost alternative to adding redundancy to dedicatedfacilities.Configuration:

National ISDN -2 NetworkPRI or BRI(s)PRIBridge or RouterInverse Multiplexer orPRI Terminal AdapterISDNPBXInverse Multiplexer

Bridge or Router

DSU/CSUDSU/CSUDEDICATED FACILITIESPRI

PRI or BRI(s)...How It Works:The configuration provides for the dedicated lines overflow and a disaster recovery mechanism when thededicated lines become inoperative. In addition, a sufficient ISDN access (either ISDN PRI or multipleISDN BRI�s) is embedded in the design to meet the additional requirements of peak-load traffic periods orhot back-up situations. LAN packets are continuously identified by the bridge/router as either local traffic oras remote traffic for transmission via the inverse multiplexer to a remote location. The packets are sent bythe inverse multiplexer exclusively over the dedicated facilities until; (1) the limit of the dedicated linesthroughput capacity is exceeded - the inverse multiplexer then establishes circuit switched data connectionswhich are inverse multiplexed with the dedicated facilities. As the traffic level decreases, the inversemultiplexer releases circuit switched data connections; or, (2) the dedicated facilities fail - the inversemultiplexer then establishes circuit switched data connections as needed to support the current remotetraffic. As traffic levels decrease, or the dedicated facilities come back into service, the Inverse Multiplexerwill release circuit switched data connections. The application can also be provided via an ISDN PBX with aPRI Terminal Adapter using SWF-DS1 (Multirate ISDN) calls. The SWF-DS1 service provides the userdesignated bandwidth via network-based multiplexing on a call-by-call basis.

This information is subject to change without noticeSee Notice of Disclaimer on Title Page3-170Obtain Equipment with TheseCapabilitiesBridge or Router¥Compatible interfaces with Local LANs (e.g., Ethernet,Token Ring)¥LAN bridging and/or routing functions compatible withNetwork Operating System and application software.¥Automatic dialing of peer Bridge/Router based ondestination address from LAN protocol¥High speed serial interface (e.g., V.35) at 384 Kbps.Inverse Multiplexer/PRI Terminal Adapter¥Supports connection to dedicated facility via V.35 toexternal CSU/DSU, channel bank, T1-MUX , etc.¥Distributes remote traffic across multiple circuitswitched data connections and the dedicated facility(e.g., n x 56/64 kbps + 224/256 kbps , respectively) andreassembles data streams at the destination. Themultiple connections must support different data rates.¥Inverse multiplexing function to form N x 64k (56k)channel from N individual 64k (56k) circuit-data calls.Calls can be over PRI or multiple BRIs. Alternatively,place SWF-DS1 (Multirate ISDN) calls on a PRI atspeeds greater than 64 kbps.¥The Inverse Multiplexer or PRI TA can connect to thenetwork through a PBX or other private networkequipment.¥Support one or more directory number values for usewith circuit-data calls¥Support Calling Number Identification Services forcircuit-data callsPrivate Branch Exchange (PBX)¥Support simultaneous voice and redundant data accessto the network by offering BRI and/or PRI interfaces toInverse Multiplexers and PRI Terminal Adapters.Request These Capabilities From ISDNService ProviderNetwork Interface to Inverse Multiplexer orTerminal Adapter - PRI¥One 23B+D PRI¥Directory Numbers (DNs) as required by InverseMultiplexing or SWF-DS1 equipment.¥B channels with:-Circuit-Data-SWF-DS1 (Multirate ISDN)¥Features for Circuit-Data-None required-Optional Calling Number Identification Services.Network Interface to Inverse Multiplexer - BRINetwork Services Required:¥One or more BRI. (2B)For each BRI:¥Two B channels for circuit-data calls. If using NI-1,this requires two circuit-data DNs and SPIDs.¥Circuit-Data Features:-None required. ( See Technical Note )-Optional Calling Number Identification Services.Subscription or Ordering Information:¥This interface is configured for two simultaneouscircuit-data calls (NIIG 14). Other NIIGs which havethis functionality include 15, 17, 24, 25, and 27.¥Parameter Groups for Circuit-Data Features:-None required. ( See Technical Note )-A la carte: Calling Number Identification Services(Optional)

This information is subject to change without notice.See Notice of Disclaimer on Title Page.3-171Network Interface to PBX¥One 23B+D PRI.¥Directory Numbers (DNs) as required by InverseMultiplexing or SWF-DS1 equipment.¥B channels with:-Voice-Circuit-Data-SWF-DS1 (Multirate ISDN)¥Features for Voice, Circuit-data, & SWF-DS1:-None required-Optional Calling Number Identification Services.Technical Notes¥The Inverse Multiplexer can utilize a PRI or multipleBRI line network access for backup. The choice ofinterface will depend chiefly on the total requiredbandwidth and economics of the services and relatedCPE (NT-1�s, CSU, etc.) -- the services are functionallyidentical in this application.¥By using PRI with SWF-DS1 (Multirate ISDN), therouter can (through a PBX, multiplexer orcommunications controller) use a single nx64 channelprovided by the network. More information on highbandwidth configurations may be found in Section5.1.9.¥ISDN Bridge/Router Inverse Multiplexers need to usecompatible protocols for framing MAC layer packets(e.g., ethernet packets) onto ISDN circuit-data, andcompatible protocols for inverse multiplexing.¥Multiple remote locations (LANs) can be supportedsimultaneously with additional ISDN and/or dedicatedinterfaces.¥ISDN Supplementary Services: Calling NumberIdentification may be used to provide additionalsecurity to the network.¥Existing bridge and router networks can be modified tosupport ISDN back-up and overflow with the additionof an external Inverse Multiplexer supporting a V.35interface to the bridge/router. The user will havecircuit-data and dedicated bandwidth aggregatedtogether only if the Inverse Multiplexer has bothcapabilities.¥Inverse multiplexing equipment on Basic RateInterfaces may require a la carte feature ordering toallow callers to place multiple circuit-data calls using asingle DN as shown in 3.1.11.¥For detailed signaling flow diagrams, see Sections5.2.1.5 (Circuit-data Call Setup), 5.2.1.6 (Circuit-dataCall clearing), 5.2.3.4 (Circuit-data Call Setup), 5.2.3.7(Multirate Call Setup), and 5.2.3.8 (Call clearing).

This information is subject to change without noticeSee Notice of Disclaimer on Title Page3-172

This information is subject to change without notice.See Notice of Disclaimer on Title Page.3-1733.3.4ISDN Concentrator for Campus ConnectivityThe extensive computing resources on University campuses have created a growing need for remoteconnectivity at the residences of faculty and students as well as other university computer users in proximityto the Campus. As applications have advanced, simple terminal to host access has become insufficient tomeet the demand for increased bandwidth. Interconnected LANs provide the best architecture for today�sclient-server and distributed computing environments. Use of inverse multiplexing (or SWF-DS1) and ISDNLAN Bridge or Router technology provides an easy-to-manage high performance solution.Configuration:

Host ComputerInverse MultiplexerBridge/RouterInternetISDN LANBridge

This information is subject to change without noticeSee Notice of Disclaimer on Title Page3-174Obtain Equipment with TheseCapabilitiesBridge/Router Inverse Multiplexer (Hub andmedium sized LAN location)¥Interface to LAN (AUI, 10BaseT, etc.) Filters localaddresses, and associates remote addresses withvarious locations. Each location is associated with oneor more Directory Numbers (DNs).¥Bridge/Router Inverse Multiplexer is compatible withISDN LAN Adapter for ethernet/ISDN framing andinverse multiplexing.¥Supports either ISDN PRI or multiple ISDN BRI ports(RJ-45) for connection to NT-1 (BRI) or ExtendedSuper Frame (T1-ESF) CSU (PRI). Interface is at theS/T reference point.¥Automatically establishes circuit switched dataconnections to the appropriate remote DNs using LANaddressing and routing information.¥Distributes remote traffic across multiple circuitswitched data connections (e.g., n x 56/64 Kbps circuit-data) and reassembles data stream at the destination.The multiple connections must support different datarates.¥Alternatively, the router can interface to SWF-DS1(Multirate ISDN) on a PRI, placing a 6x64 Kbps call.Personal Computer with LAN Interface¥Application software compatible with communicationssoftware and far end .¥LAN interface (e.g., Ethernet, Token Ring) compatiblewith ISDN LAN BridgeISDN LAN Bridge (Individual user and smallLAN location)¥Filters local addresses, and associates remoteaddresses with various locations. Each location isassociated with one or more Directory Numbers (DNs).¥Compatible with the Hub protocol for framing andinverse multiplexing.¥Automatically establishes circuit switched dataconnections to the Hub location.¥Distributes remote traffic across one or two circuitswitched data connections (e.g., n x 56/64 circuit-data)and the Hub reassembles data stream.¥LAN bridge functions compatible with far end andlocal LAN (e.g., Ethernet or Token Ring).¥B channel capabilities:-Simultaneous circuit-data calling on two Bchannels.-If using NI-2, support for one Directory Number(DN) and Service Profile ID (SPID) will be needed.-Optionally combine two 64 kbps signals to/from theBRI into 128 kbps signal in a way that iscompatible with far end. .¥Physical interfaces:-Local LAN (e.g., Ethernet or Token Ring).-RJ-45 connector to NT-1, or integrated NT-1.

This information is subject to change without notice.See Notice of Disclaimer on Title Page.3-175Request These Capabilities From ISDNService ProviderNetwork Interface to Bridge/Router InverseMultiplexer (PRI)¥One 23B+D PRI.¥Directory Numbers (DNs) as required by application.¥B channels with:-Circuit-data.-Multi-rate circuit-data.¥Features for Circuit-Data:-None required.-Optional Calling Number Identification Services.Network Interface to Bridge/Router InverseMultiplexer (BRI)Network Services Required:¥One or more BRI. (2B)¥Two B channels for circuit-data calls, with one circuit-data DN and SPID¥Circuit-Data Features:-None required.Subscription or Ordering Information:¥This interface is configured for two simultaneouscircuit-data calls (NIIG 14). Other NIIGs which havethis functionality include 15, 17, 24, 25, and 27.¥Parameter Groups for Circuit-Data Features:None required.Network Interface to ISDN LAN Bridge¥One BRI. (2B)¥Two B channels for circuit-data calls, with one circuit-data DN and SPID¥Circuit-Data Features:-None required.¥Subscription or Ordering Information:-This interface is configured for two simultaneouscircuit-data calls (NIIG 14). Other NIIGs whichhave this functionality include 15, 17, 24, 25, and27.-Parameter Groups for Circuit-Data Features:None required.Technical Notes¥The Hub inverse multiplexer can utilize a PRI ormultiple BRI lines network access. The choice willdepend chiefly on the total required bandwidth andeconomics of the services and related CPE (NT-1�s,CSU, etc.) -- the services are functionally identical inthis application.¥By using PRI with SWF-DS1, the router can (througha multiplexer or communications controller) use asingle nx64 channel provided by the network.¥ISDN LAN Bridges and Bridge/Router InverseMultiplexers need to use compatible protocols forframing MAC layer packets (e.g., ethernet packets)onto ISDN circuit-data, and compatible protocols forinverse multiplexing.¥Many Multiport LAN Bridges and Routers can utilize aPRI or multiple BRI lines for network access.¥Some ISDN LAN Bridges and Routers support datacompression, so effective data throughput may behigher. See Section 4 for products.¥Connections to multiple remote locations (LANs) aresupported simultaneously with association of LANaddressing and routing information to multiple DNs.¥Calling Number Identification may be used to provideadditional security to the network.¥For details on subscription and ordering informationusing NIUF ISDN Interface Groups (NIIGs) and NIUFISDN Parameter Groups (NIPG), see Section 5.1.11.¥For detailed signaling flow diagrams, see Sections5.2.1.5 (Circuit-Data Call Setup), 5.2.1.6 (Circuit-DataCall clearing), 5.2.3.4 (Circuit-data Call Setup), 5.2.3.7(Multirate Call Setup), and 5.2.3.8 (Call clearing).

This information is subject to change without noticeSee Notice of Disclaimer on Title Page3-176