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Wide-Area Wireless Testbed

Multiple
Overlayed
Wireless
Networks

Seamless
Mobility
Across

Overlays

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



Page 2

3

Wireless Overlay Concept
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Application: Emergency 
Response
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Overlay Internetworking
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Host
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Network Centered
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Gateway Centered
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Multimode “Radios”

PCMCIA #1: IR modem
PCMCIA #2: RF modem
AT Slot: Hughes DirectPC
Floppy Slot: CDPD modem
Serial Port: Metricom modem

ITU “Future Public Land Mobile Telecommunications 
System” (FPLMTS)
  --  Satellite
  --  GSM
  --  DECT



Page 4

7

Characteristics of Alternative 
Overlay Technologies

Wide diversity of network performance parameters
Mutually distrusting infrastructure  providers 

Pedestrian vs. vehicular mobility
APIs that are network-aware

Type of
Network

Bandwidth Latency Mobility Typ Video
Performance

Typ Audio
Performance

In-Building >> 1 Mbps
Comm’l RF: 2 Mbps

Research IR: 50 Mbps

< 10 ms Pedestrian 2-Way ’ractive
Full Frame Rate

(Comp)

High Quality
16-bit Samples

22 Khz Rate
Campus-Area
Packet Relay

Network

≈ 64 Kbps ≈ 100 ms Pedestrian Med. Quality
Slow Scan

Med. Quality
Reduced Rate

Wide-Area 19.2 Kbps > 100 ms Vehicular Freeze Frame Asynchronous
“Voice Mail”

Regional-Area
(LEO/DBS/VSAT)

4.8 kbps–10+ Mbps
(asymmetric)

> 100 ms Vehicular
Stationary

Seconds/Frame
Freeze Frame

Asynchronous
“Voice Mail”
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State-of-the-Art In-building 
Networking Infrastructure

Scalable, High Bandwidth
Low Latency Switches

Interactive
Media Access
workstations

Dedicated Computing Resources
 ~100 “dark” workstations
+ mass store, special servers

Organized
Fiber Physical
Links

Computing / Interactive
“Light” workstations

Wireless
Transceivers

Cooperative In-building Wireless Overlays:
  •  IR for offices, meeting spaces, classrooms
  •  RF overlay for “between” spaces, connectivity load sharing

Integration with building-scale computing resources

Soda Hall
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Wide-Area Wireline 
Infrastructure

Wireless-to-wireline
gateways in Berkeley

Possible exploration
of wide-area medical 
dispatch applications

Integration with
wide-area computing
resources

Pacific Bell
ATM switch
Oakland CO

LBL
UC Berkeley

Pacific Bell
San Ramon Valley

(Broadband Technology 
Group)

LLNL

Sandia 
Livermore

DEC - SRC

Pacific Bell
ATM switch
Palo Alto CO

ICSI

Apple
NASAAmes

HP Labs

Xerox PARC

Lockheed

SFSU

Genetech

UCSF

VA Hosp.

Mt. Zion
Kaiser  SF

Kaiser  Oak

Kaiser  DOR

Philips

BAGNet sites are indicated in a 
straight font.

Non-BAGNet sites are in italics.

Stanford
SRI

SGI

SUN

0                 5 Mi.         10 Mi.
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Mobility Challenges:
Horizontal Roaming

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

Single
Administrative
Domain
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Mobile Handoff:
Packet Forwarding

Video
Server

Base
Station

Base
Station

Forward buffered
packets at old base
station to new base
station while rerouted
connection is made
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Mobile Handoff: Multicast

Video
Server

Base
Station

Base
Station

Use hints about terminal
trajectory to assist in
hand-offs to support 
continuous playback
with real-time 
constraints

Multicast packets to 
adjacent base stations 
to smooth hand-offs

Multicast backbone
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Mobility Challenges:
Vertical Roaming

Multiple 
Administrative
Domains
-- Handoff
-- Authentication
-- Routing
– Billing
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Application Support

Network of Workstation
Servers

Base Station Mobile Node

Application Server Application ClientAgent

Foreign Agent
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Applications Support Services

Audio Video Image Maps

Data-type Specific Data Transmissions

Processor Resource Allocation

NavigationCollaboration Image Exchange
Audio/Video Conferencing Digital Library Access

Mobile Multimedia Applications

Agent-based backend processing

Compression/Decompression Multi-layer representations

Session Management

Overlay Network Management

Transaction combining to reduce latency

Wireless TCP
Adaptive QOS Support

Applications
QOS Needs

Network
Capabilities

Wireless Overlay Subnets

SatelliteIn-building Campus-Area Wide-Area

Mobile IP
User Tracking Low Latency Handoff

Physical Layer

Data Link Layer

Network Layer

Transport LayerConnection-Oriented Mechanisms

Network load-balancing across cooperative overlays

Policy-based Network Selection Scalable Network Management

Layered Architecture
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UCB-Hughes DBS Testbed

Soda Hall

Access
Point DirectPC

Basestation

Internet
Gateway

High Bandwidth, 
High Latency "Downlink"

Lower BandwidthUplink

WLAN

Hughes DBS
Basestation

Gateway
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Satellite Broadcast Application

Frequently asked
questions periodically
repeated

IBM @ $82.875

Broadcast Queue

Traffic East Bay

Traffic North Bay

Traffic Peninsular

Traffic SF

Bay Area Weather

Traffic East Bay

… …

Filter 
"East Bay" 

Filter 
"SF" 

High Priority
"IBM Stock 
Quotation" 

Internet

Data filtering and query combining
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Collaboration with UCSF

VA
Medical
Center

Golden Gate Park

SFMRC

Mt. Zion

University of
California,

San Francisco

Oakland
PacBell

ATM
Switch

San 
Francisco 
General 
Hospital

San Francisco

Bay 
Bridge

Golden Gate Bridge

ACTS

VSAT

T1 T1T1

Document
Requests

Radiographs

UCSF NLMPC/MS Windows

Sun WS/UNIX

Router

Ethernet Ethernet

Document
Viewing

Radiograph
Transmission

Ethernet/T1

Interface

Sun WS/UNIX

Sun WS/UNIX

Router

Ethernet/T1

Interface

Jukebox

VSAT

T1Document
Images

Document
Transmission

Radiograph
Receiving

Picture Archive and 
Communications System (PACS)

linking major hospitals in SF
and the National Library of

Medicine

Laboratory for Radiological
Informatics at UCSF
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Consortium Members

In-Building
DEC, IBM

Packet-Relay
Metricom

Wide-Area
Nextel, PacBell

Regional-Area
Hughes DBS

UC Berkeley

LBL
(BAGNet)

UCSF
(Medical Apps)

UCB University
Library
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Research Issues

• Seamless connectivity over multiple overlays
– Implementing low latency handoffs
– Exploiting movement-tracking and geography
– Performance characterization of channels
– Authentication, security, privacy

• Scalable mobile processing
– Hierarchical and distributed network management
– Load balancing for network mgmt & application support
– Integration with local- & wide-area networked servers
– Application support for adaptive connections


