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Where does wireless fit?Where does wireless fit?

 Part of the home intranet mix Part of the home intranet mix

:K\�ZLUHOHVV"��3RUWDELOLW\�DQG�´1R�QHZ�ZLUHVµ:K\�ZLUHOHVV"��3RUWDELOLW\�DQG�´1R�QHZ�ZLUHVµ

•• Core home networking capabilities, including internet,Core home networking capabilities, including internet,
anywhere in and around the homeanywhere in and around the home

•• Share wireless voice and dataShare wireless voice and data

•• Review incoming messagesReview incoming messages

•• Activate other home electronic systems by voiceActivate other home electronic systems by voice

•• Needed in countries where phone lines cannot beNeeded in countries where phone lines cannot be
usedused
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●“No new wires”

●Simple to Install

●Easy to Use

●Low Cost: ~$200 for
2 PCs

●Bandwidth To Su pport Common
Home A pplications

●Industr y Standards

Home Networkin g Solutions Desi gned
for the Home User
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Home Networkin g Needs 1 Mb psHome Networkin g Needs 1 Mb ps
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HomeRF™HomeRF™  Workin g Grou pWorkin g Grou p
Mission StatementMission Statement

To enable the existence of a broadTo enable the existence of a broad
range of intero perable consumerrange of intero perable consumer
devices, b y establishin g an opendevices, b y establishin g an open
industr y specification for unlicensedindustr y specification for unlicensed
RF digital communications for PCsRF digital communications for PCs
and consumer devices an ywhere, inand consumer devices an ywhere, in
and around the home.and around the home.
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Establishin g SWAP-CAEstablishin g SWAP-CA

It happened one dayIt happened one day
e.g. ISA, e.g. ISA, SoundblasterSoundblaster 

Standards bodyStandards body
e.g., ITU, IEEE, ANSIe.g., ITU, IEEE, ANSI

Industry leadershipIndustry leadership
and dedicated forumand dedicated forum
e.g., e.g., IrDAIrDA , TAPI, USB, TAPI, USB SWAP-CASWAP-CA

Shared Wireless Access Protocol - Cordless AccessShared Wireless Access Protocol - Cordless Access
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Broad, cross industr y supportBroad, cross industr y support
zz CommunicationsCommunications

zz Consumer ElectronicsConsumer Electronics

zz Home Control/Home AutomationHome Control/Home Automation

zz NetworkingNetworking

zz PeripheralsPeripherals

zz Personal ComputerPersonal Computer

zz Semiconductors/ComponentsSemiconductors/Components

zz SoftwareSoftware

70+ Member Companies70+ Member Companies
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Partial Membershi p RosterPartial Membershi p Roster
(70+ companies are now Participants)(70+ companies are now Participants)

zz 3COM3COM
zz AlpsAlps
zz Advanced Micro DevicesAdvanced Micro Devices
zz AironetAironet
zz AppleApple
zz BroadcomBroadcom  Corporation Corporation
zz ButterflyButterfly

CommunicationsCommunications
zz CasioCasio
zz Cirrus LogicCirrus Logic
zz Cisco SystemsCisco Systems
zz CompaqCompaq
zz EricssonEricsson  Enterprise Enterprise

NetworksNetworks
zz FujitsuFujitsu
zz Harris SemiconductorHarris Semiconductor
zz Hewlett-PackardHewlett-Packard
zz HosidenHosiden
zz IBMIBM

zz PrimaxPrimax
zz Philips ConsumerPhilips Consumer

Communications (PCC)Communications (PCC)
zz ProximProxim
zz Raytheon Wireless SolutionsRaytheon Wireless Solutions
zz RF RF MonolithicsMonolithics
zz RF Micro DevicesRF Micro Devices
zz Rockwell SemiconductorRockwell Semiconductor

SystemsSystems
zz SamsungSamsung  Electronics Electronics
zz SharpSharp
zz ShareWaveShareWave
zz SiemensSiemens
zz SiemensSiemens  Microelectronics Microelectronics
zz Silicon WaveSilicon Wave
zz SymbionicsSymbionics
zz SymbolSymbol
zz Texas InstrumentsTexas Instruments
zz WebGearWebGear

zzIntelIntel
zzIntellonIntellon
zzInterval ResearchInterval Research
zzIndustrial Tech. ResearchIndustrial Tech. Research
zziReadyiReady  Systems Systems
zzKansai DenkiKansai Denki
zzLG ElectronicsLG Electronics
zzMatsushita ElectronicsMatsushita Electronics
zzMatsushita WorksMatsushita Works
zzMicrosoftMicrosoft
zzMitsubishiMitsubishi
zzMotorolaMotorola
zzNational SemiconductorNational Semiconductor
zzNEC CorporationNEC Corporation   
zzNortelNortel
zzOkiOki
zzOsitisOsitis  Software Software
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SWAP ProductSWAP Product
Develo pmentDevelo pment

zz ButterflyButterfly
CommunicationsCommunications

zz CompaqCompaq

zz Hewlett-PackardHewlett-Packard

zz IBMIBM

zz IntelIntel

zz iReadyiReady

zz MicrosoftMicrosoft

zz MotorolaMotorola

zz ProximProxim

zz OTC TelecomOTC Telecom

zz RFRF Monolithics Monolithics

zz SamsungSamsung

zz SymbionicsSymbionics

The following member companies areThe following member companies are
developing SWAP products:developing SWAP products:
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Enablin g the VisionEnablin g the Vision

PrinterPrinterCameraCamera Game PadGame Pad

USBUSB

StereoStereo CamcorderCamcorder VCRVCR TVTV
Multimedia (e.g. 1394)Multimedia (e.g. 1394)

Grandma’s Brownies
3 cups  flour
1 cup grated chocolate
1 cup sugar
1 stick butterHomeRF SWAPHomeRF SWAP

Control Point

HomePNAHomePNA

Phone

Cable
13941394
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The SWAP NetworkThe SWAP Network

Other Home NetworksOther Home Networks
(HPNA,phone,AC)(HPNA,phone,AC)

TCP/IP BasedTCP/IP Based
Network ofNetwork of

AsynchronousAsynchronous
Peer-PeerPeer-Peer
DevicesDevices

Main Home PCMain Home PC

Isochronous ClientsIsochronous Clients

Grandma’s Brownies
3 cups  flour
1 cup grated chocolate
1 cup sugar
1 stick butter

PSTNPSTNHomeRFHomeRF
Control PointControl Point

USBUSB

InternetInternet
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HomeRFHomeRF  Origins Origins
802.11802.11

Uses CSMA/CAUses CSMA/CA
Good for DataGood for Data

DECTDECT
Uses TDMAUses TDMA

Good for VoiceGood for Voice

SWAPSWAP
TDMA + CSMA/CATDMA + CSMA/CA

Good for Voice & DataGood for Voice & Data
Optimized for small networks (in home )Optimized for small networks (in home )

Simplified radio & protocol to reduce costSimplified radio & protocol to reduce cost

%RWK�YRLFH�DQG�GDWD�DUH�LPSRUWDQW�IRU�KRPH�5)%RWK�YRLFH�DQG�GDWD�DUH�LPSRUWDQW�IRU�KRPH�5)%RWK�YRLFH�DQG�GDWD�DUH�LPSRUWDQW�IRU�KRPH�5)
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Why a new protocol?Why a new protocol?
zz It handles voice like DECT orIt handles voice like DECT or  PHS PHS, but..., but...

��Frequency hoppingFrequency hopping
��20 ms frames (better for data)20 ms frames (better for data)
��interleaved up and down linksinterleaved up and down links
��Retransmission (single)Retransmission (single)

zz It handles data like 802.11, but...It handles data like 802.11, but...
��Relaxed PHY layer specs to reduce costRelaxed PHY layer specs to reduce cost
��Beacons to manageBeacons to manage  isochronous isochronous  traffic traffic
��Simplified protocol (no PCF)Simplified protocol (no PCF)

•IP data at up to 2Mb/s and supports cordless telephony•IP data at up to 2Mb/s and supports cordless telephony
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SWAP FeaturesSWAP Features

zz Range: >50 meters indoorsRange: >50 meters indoors

zz Speed: dual speed - supports TCP/IPSpeed: dual speed - supports TCP/IP
traffic at over 1Mb/straffic at over 1Mb/s

zz Voice: High quality voice channelsVoice: High quality voice channels
with retransmissionwith retransmission
��High quality cordless telephonesHigh quality cordless telephones

��Voice recognitionVoice recognition
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Device T ypesDevice T ypes

Cordless TelephoneCordless Telephone

IsochronousIsochronous (I node) (I node)
> minimum latency -> minimum latency -
telephones, etc.telephones, etc.

Asynchronous (A node)Asynchronous (A node)
> TCP/IP traffic> TCP/IP traffic

Fridge padFridge pad

Grandma’s
3 cups  flour
1 cup grated chocolate
1 cup sugar
1 stick butter
1/2 cup chopped walnuts
minutes.

HOME INDEX

••CP - Connection point…can manage aCP - Connection point…can manage a
network or act as an A nodenetwork or act as an A node

•• Can be  Can be USBUSB , PCI, PC-Card, Device Bay, etc., PCI, PC-Card, Device Bay, etc.
•• CP can place calls even when PC is down CP can place calls even when PC is down

CPCPCP

PSTNPSTN
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Topolo gyTopolo gy

&3&3

Connection Point*Connection Point*

PSTNPSTN

SWAP FrameSWAP Frame

• It’s a circuit switched, isochronous network

TDMATDMA
I NodeI Node TDMATDMA

I NodeI Node

TDMATDMA
I NodeI Node

&3&3

CSMACSMA
A NodeA Node

Fridge pad

Grandma’s
3 cups  flour
1 cup grated chocolate
1 cup sugar
1 stick butter
1/2 cup chopped walnuts
minutes.

HOME INDEX

CSMACSMA
A NodeA Node

&3&3

CSMACSMA
A NodeA Node

CSMACSMA
A NodeA Node

• It’s a packet switched, asynchronous network

HOME INDEX

CSMA & TDMACSMA & TDMA
A/I NodeA/I Node

• It’s both - I nodes get priority on bandwidth
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zz Nominal 100Nominal 100  mW mW transmit power transmit power
zz Minimum receiver sensitivit y of -76Minimum receiver sensitivit y of -76  dBm dBm

(2FSK)(2FSK)
�� range >50 m in t yp ical homes/ yards range >50 m in t yp ical homes/ yards

�� -85 -85 dBm dBm  sensitivit y typ ical sensitivit y typ ical

zz Cost effective filter re quirementsCost effective filter re quirements
��Use MAC to reduce PHY costUse MAC to reduce PHY cost
��Makes sin gle-chi p inte gration sim plerMakes sin gle-chi p inte gration sim pler

PHY FeaturesPHY Features
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zz MAC provides good su pport for voice and dataMAC provides good su pport for voice and data

zz Levera ges existin g DECT technolo gy for voiceLevera ges existin g DECT technolo gy for voice
zz Excellent inte gration with TCP/IP networkin g protocolsExcellent inte gration with TCP/IP networkin g protocols

�� easy integration with Etherneteasy integration with Ethernet

�� Supports broadcast, multicast and fragmentingSupports broadcast, multicast and fragmenting

zz Data security - Basic/Enhanced levels of encryptionData security - Basic/Enhanced levels of encryption
�� Basic: 24-bit Network ID and Frequency HoppingBasic: 24-bit Network ID and Frequency Hopping

�� Enhanced: Basic + LFSR algorithmEnhanced: Basic + LFSR algorithm

zz Extensive power management for ultra-portable devicesExtensive power management for ultra-portable devices

MAC FeaturesMAC Features

2SWLPL]HV�H[LVWLQJ�WHFKQRORJ\�IRU�KRPH�XVH2SWLPL]HV�H[LVWLQJ�WHFKQRORJ\�IRU�KRPH�XVH
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CP ArchitectureCP Architecture
IWU  

DECT GAP
NWK & DLC

SWAP MAC

SWAP PHY

Host PC
Interface

(USB)

Device
Interface

(USB)

Control Point Host PC

NDIS
Driver
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Host PC
Transport
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•• PSTN connection can be analog, ISDN, etc. PSTN connection can be analog, ISDN, etc.
•• New connections such as UDSL, CDSL, cable modem, etc can be New connections such as UDSL, CDSL, cable modem, etc can be
brought into IWU for transfer to PCbrought into IWU for transfer to PC
•• Interface between CP and PC can be USB, PC-Card, PCI, Device Bay, etc. Interface between CP and PC can be USB, PC-Card, PCI, Device Bay, etc.
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The PC interfaceThe PC interface
zz SWAP’sSWAP’s  PC connection is desi gned for use under PC connection is desi gned for use under

Windows 98Windows 98 ** , Windows2000 , Windows2000 **, and be yond, and be yond
��Wake on rin gWake on rin g
��Connection Oriented NDIS (NDIS 5…for Windows2000Connection Oriented NDIS (NDIS 5…for Windows2000 **))
�� A nodes a ppear as Ethernet devicesA nodes a ppear as Ethernet devices
�� I nodes become Connection Oriented clientsI nodes become Connection Oriented clients

* Third party brands and marks are* Third party brands and marks are
property of their res pective owners.property of their res pective owners.
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3&�6RIWZDUH3&�6RIWZDUH
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RCA filterNDIS TAPI 
proxy

TAPI 3.0 connection-
oriented client

connection-
less clientDirectShow **

“Ethernet”
MP/CM

connectionless I/Fconnection-oriented I/F

Windows2000Windows2000 **

Windows2000Windows2000 **

Windows2000Windows2000 **

* Third party brands and marks are* Third party brands and marks are
property of their respective owners.property of their respective owners.
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Voice: Robust clarit yVoice: Robust clarit y
•  Service Slot used b y nodes to

Page Control Point
Control Point Beacon

B Contention period
CSMA/CA access mechanism

H
op

Service Slot

••  Superframe  Superframe  structure controlled b y Beacon structure controlled b y Beacon

SuperframeSuperframe  - 20ms - 20ms

H
op

Uplink Slots

Downlink Slots

••  TDMA slot pairs allocated b y the Control Point  TDMA slot pairs allocated b y the Control Point

D2

U3

D3

U2

D1

U1

••  Voice data transmitted in the slots in CFP #2  Voice data transmitted in the slots in CFP #2

D4

U4

D2

U3

D3

U2

D1

U1

CFP #2CFP #2
Contention free periodsContention free periods

••  Any voice data to be retransmitted is sent:  Any voice data to be retransmitted is sent:
––  In CFP1, after a ho p  In CFP1, after a ho p
––  frequenc y/time diversit y & low latenc y  frequenc y/time diversit y & low latenc y

D3 D4

U3 U4

CFP #1CFP #1
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Data transmissionData transmission

•• CSMA/CA durin g the contention period CSMA/CA durin g the contention period
•• Efficient for small networks Efficient for small networks
•• Tolerant of interference Tolerant of interference
•• Data for entire frame if no voice Data for entire frame if no voice

Service Slot

Contention period
CSMA/CA access mechanism

H
op

SuperframeSuperframe  - 20ms - 20ms

B D3 D4

U3 U4

D4

U4
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D3
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U2

D1

U1

CFP #2CFP #2CFP #1CFP #1
Contention free periodsContention free periods
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Encr yption Al gorithmEncr yption Al gorithm

zz Open, ro yalty free - published in o penOpen, ro yalty free - published in o pen
literature over 30 years agoliterature over 30 years ago

zz Low gate countLow gate count
zz Fast “warm u p”Fast “warm u p”
zz Required for CP in the US market, o ptionalRequired for CP in the US market, o ptional

for other devices and geographiesfor other devices and geographies
zz RobustRobust
zz Similar conce pt to GSM A5 al gorithm, butSimilar conce pt to GSM A5 al gorithm, but

“stron ger”“stron ger”



®®
Intel’sIntel’s
                            LabsLabs25

Usage - Voice ControlUsage - Voice Control

CP IWU Co-NDIS

Application

PCCP

PSTN

TDMATDMA
I NodeI Node

Fridge pad

Grandma’s
3 cups  flour
1 cup grated chocolate
1 cup sugar
1 stick butter
1/2 cup chopped walnuts
minutes.

HOME INDEX

CSMA
A Node

•• Handset initiates voice Handset initiates voice
transfer to PCtransfer to PC

•• Application acce pts Application acce pts
streamin g audio from CPstreamin g audio from CP

•• Application performs s peech Application performs s peech
reco gnition and sendsreco gnition and sends
commands back down stackcommands back down stack

•• For automatic call For automatic call
placement, CP dials numberplacement, CP dials number
and connects handsetand connects handset

•• Handset - PSTN Handset - PSTN
connection remains untilconnection remains until
callcall  teardown teardown

Data traffic can also be active
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Usage - ISP Sharin gUsage - ISP Sharin g

TDMATDMA
I NodeI Node

Fridge pad

Grandma’s
3 cups  flour
1 cup grated chocolate
1 cup sugar
1 stick butter
1/2 cup chopped walnuts
minutes.

HOME INDEX

CSMACSMA
A NodeA Node

CSMA
A Node

CP IWU Co-NDIS

Application

PCCP

PSTNPSTN

•• PC initiates ISP connection PC initiates ISP connection
(modem, ISDN, UDSL, Cable, etc.)(modem, ISDN, UDSL, Cable, etc.)

•• Applications on host PC can Applications on host PC can
access ISP immediatel yaccess ISP immediatel y

•• Remote A nodes access ISP Remote A nodes access ISP
throu gh NAT and TCP/IPthrou gh NAT and TCP/IP

•• Remote A nodes can also Remote A nodes can also
share files and printersshare files and printers

•• Ad hoc peer-peer transfers Ad hoc peer-peer transfers
between nodes do not re quirebetween nodes do not re quire
resources of “server” PCresources of “server” PC

USB

Voice traffic can also be activeVoice traffic can also be active
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TimelineTimeline

Hom
e RF W

orking Group Announced  

Hom
e RF W

orking Group Announced  

Published R0.5 (Functionally com
plete)

Published R0.5 (Functionally com
plete)

Reached 50 m
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bers

Reached 50 m
em

bers
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www.homerf.or g
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FuturesFutures
zz Firefl y - stud y grou p for embeddable radioFirefl y - stud y grou p for embeddable radio

��Ultra low costUltra low cost
��Oriented toward to ys, peripherals, controlOriented toward to ys, peripherals, control

devicesdevices
��Possibl y at 900MHzPossibl y at 900MHz

zz HomeRF HomeRF - Multimedia (Mercur y)- Multimedia (Mercur y)
��QoS QoS guaranteesguarantees
��Multi ple MPEG stream su pportMulti ple MPEG stream su pport
��Possibl y at 5GHzPossibl y at 5GHz
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HomeRFHomeRF  Summar y Summar y

zz Home RF Workin g grou p develo pingHome RF Workin g grou p develo ping
open, ro yalty free s pecopen, ro yalty free s pec

zz Over 80 member com paniesOver 80 member com panies
zz NOW is the time to be ginNOW is the time to be gin

implementation plansimplementation plans
zz More info (includin g membershi p) atMore info (includin g membershi p) at

www.www. homerfhomerf .org.org


