Page 11

Presentation Outline¥Historical Overview¥Radio Fundamentals¥US Developments in PCS¥Mobile Data¥Satellite Systems ¥ US Government Research Initiatives 2 ATM Switch

Local AreaBroadcast Network

Infopad Project

ComputeServer

BaseStation

VideoDatabase

SpeechServerBaseStationInfoPadsBackbone

BaseStationLocal AreaBroadcast NetworkATM Switch

Wide AreaNetwork

Server

Page 23

Wide-Area Wireless Testbed

MultipleOverlayedWirelessNetworksSeamlessMobilityAcrossOverlaysIntegration with wide-area high performance networks (BAGNet)Bandwidth/latency aware APIs; Wide-area untethered applications4

Wireless Overlay ConceptIn-BuildingCampus-Area Packet RelayMetropolitan-AreaRegional-Area

Remote ClinicsAmbulance DispatchHospital CampusHospitalOperating RoomEmergency Room

Page 35

Application: Emergency ResponseSt. Mary’s HospitalUCSFRegional PACS Center ATM WirelineInfrastructureIn-BuildingWirelessWide-AreaWirelessEmergencyRoomDiagnosticCenter(CAT/MRI)Operating Room6

Overlay InternetworkingGatewayLANHostSatNetGateway

GatewayInternetHostHostNIUHostPagingNetworks

Gateway-CentricApproachIn

NetworkIn-RoomIR NetworkCam

Relay NetworkCellular Packe

O, MEO, LEO VSAT NetsSatell

adcast NetMulti-HopPacket Ra

operative OverlayNetworksNetwork CenteredWithin homogeneous netNo roam between netsGateway CenteredHeterogeneous netsRoam between them

Page 47

Multimode �Radios�PCMCIA #1: IR modemPCMCIA #2: RF modemAT Slot: Hughes DirectPCFloppy Slot: CDPD modemSerial Port: Metricom modemITU �Future Public Land Mobile Telecommunications System� (FPLMTS) -- Satellite -- GSM -- DECT8

Mobility Challenges:Horizontal Roaming

Roaming within an administrative domain -- Mobile IP provides initial solution for the routing problem -- Single authentication with home domainSingleAdministrativeDomain

Page 59

Migrating Hosts

VideoServer

BaseStation

For continuous playbackwith real-time constraints,must readahead packets to the base station10

BaseStationBaseStation

Leftover packetsEmpty buffer?Retransmit from server?Retransmit from BS?Infopad detects newbase station within rangeBuffering affects hand-offdecision

Page 611

Migrating Hosts

VideoServer

BaseStationBaseStation

New idea: broadcastpackets to adjacentbase stations to smoothhand-offs

Multicast backboneeffect on bandwidth?Mobile host communicatesseq. no. of last receivedpacket during handoffnegotiation12Migrating Hosts

BaseStation

Multicast backboneBS-to-BS purge packet protocols � or �sequence no.resolution inInfopad

Page 713

Mobility Challenges:Vertical Roaming

Multiple AdministrativeDomains-- Handoff-- Authentication-- Routing— Billing14BaseStations

InformationServer

In-Building Cooperative Networks: IR and RF

Page 815

In-Building Cooperative Networks: IR and RF

651611600LC

600E600N600S600W600SW

600SE

600NW

600NE

600EL

684676695665617643623625627629631633635637639621687685683681673679675689671678

609603

653663D655

053697697D097005003007009652698615645606600LW600LE

677634604602682626608

IR Room-sized Cells

RF Cell

BS16Application SupportNetwork of WorkstationServers

Base StationMobile Node

Application ServerApplication ClientAgentForeign Agent

Page 917

Application Support:Map Browsing

Low ResolutionMedium ResolutionHigh Resolution

Major Features

Minor RoadsElevations

18Applications Support Services

Audio

Video

Image

MapsData-type Specific Data TransmissionsProcessor Resource AllocationNavigationCollaborationImage ExchangeAudio/Video ConferencingDigital Library AccessMobile Multimedia ApplicationsAgent-based backend processingCompression/DecompressionMulti-layer representationsSession ManagementOverlay Network ManagementTransaction combining to reduce latencyWireless TCPAdaptive QOS SupportApplicationsQOS Needs

NetworkCapabilities

Wireless Overlay SubnetsSatelliteIn-buildingCampus-Area

Page 1019

State-of-the-Art In-building Networking Infrastructure

Scalable, High BandwidthLow Latency Switches

InteractiveMedia Accessworkstations

Dedicated Computing Resources ~100 �dark� workstations+ mass store, special serversOrganized

WirelessTransceivers

Cooperative In-building Wireless Overlays: ¥ IR for offices, meeting spaces, classrooms ¥ RF overlay for �between� spaces, connectivity load sharingIntegration with building-scale computing resourcesSoda Hall20

Wide-Area Wireline InfrastructureWireless-to-wirelinegateways in Berkeley

Possible explorationof wide-area medical dispatch applicationsIntegration withwide-area computingresources

Paci�

LBLUC BerkeleyPaci�c BellSan Ramon Valley(Broadband Technology Group)LLNL c BellATM switchPalo Alto CO

ICSI

AppleNASAAmesHP LabsXerox P

UCSFVA Hosp.Mt. ZionKaiser SFKaiser OakKaiser DOR

Philips

BAGNet sites are indicated in a SRI SGI SUN 0 5 Mi. 10 Mi.

Page 1121

UCB-Hughes DBS TestbedSoda Hall

AccessPoint

DirectPCBasestation

InternetGateway

High Bandwidth, High Latency "Downlink"

Lower BandwidthUplinkWLAN

Hughes DBSBasestationGateway

22BARWAN Testbed (June 95)Soda Hall

DirecPCBasestation

GatewayATTWaveLAN(WLAN)

Hughes DirecPC DBS(Regional Area)ExperimentalSubnetDell 486/Pentium PCsBSDI Unix

Metricom(WMAN)IBM ThinkpadsBSDI Unix

Beta testers for: Metricom�s new Internet gateway ATT�s 2.4 Ghz WaveLAN IBM�s next generation IR devices

Page 1223

Satellite Broadcast ApplicationFrequently askedquestions periodicallyrepeatedIBM @ $82.875Broadcast QueueTraffic East BayTraffic North BayTraffic PeninsularTraffic SFBay Area WeatherTraffic East Bay� �Filter "East Bay" Filter "SF" High Priority"IBM Stock Quotation"

Internet

Data filtering and query combining24

Collaboration with UCSF

VAMedicalCenterGolden Gate ParkSFMRCMt. ZionUniversity ofCalifornia,San FranciscoOaklandPacBellATMSwitchSan Francisco General HospitalSan FranciscoBay BridgeGolden Gate Bridge

ACTSVSATT1T1T1DocumentRequestsRadiographsUCSFNLMPC/MS WindowsSun WS/UNIXRouterEthernetEthernetDocumentViewingRadiographTransmissionEthernet/T1InterfaceSun WS/UNIXSun WS/UNIXRouterEthernet/T1InterfaceJukeboxVSATT1DocumentImagesDocumentTransmissionRadiographReceivingPicture Archive and Communications System (PACS)linking major hospitals in SFand the National Library ofMedicineLaboratory for RadiologicalInformatics at UCSF

Page 1325

Research Issues¥Seamless connectivity over multiple overlays—Implementing low latency handoffs—Exploiting movement-tracking and geography—Performance characterization of channels—Authentication, security, privacy — Load balancing for network mgmt & application support — Integration with local- & wide-area networked servers — Application support for adaptive connections