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1'he Residential Communications (iateway (R('(i) is a broad-
band comnninications device that combines all voice. data
and video conununications to and from a typical residence or
small business for transniiss ion over a sin le. or a plurality of
Plaui Old TclcT/hone Scrvicc (POTS) lines separately or in

con)unction 55 ith, a w irelcss broadband backbone. Thc RCG
does tlu s by employing packe(i red data tv i th Voice over Inter-
net Protocol (Volp) technologies combined with Rl/ conunu-
nications technologies. A key considemstion to the design of
the RCCi is that no additional or special transmission equip-
ment un)st be installed at the Centmsl Ofhce or anywhere else
in the network to eimblc ncw calling fi a(urea provided by ihe
RCCi as is thc case with DSL mid Cable systems By eiimi-
natiag the requirement for costly infrastnicture enhance-
ment~, ubiquitous high speed communications and services
can be deployed to every PO IS subscriber
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BACKGROUND OF INVENTION

11&c pnnuiry I'unct&on of the RCG &s (0 provxlc a platform
fi&r Con&petitive I.ocal lixchange Companies (CI ElCs) to
compete &vith the l,ocal I:xchange ('ornpanies (I ElCs) for
residential voice and data services. The LECs have a strangle
hold on the "past m&le" of copper over which almost all
Icsulcnt&dl cUslou&crs rcccivc lieu couutuuucat&uus scrog:cs.
Today, mos& CLEC6 rcscll thc cx&stu&g scrv&ces that are
olfbrcd by the LECs CLECs make their money by purclm sing
these ac&a ices from the I I I( s at a discount and marking then&

up to the customer Since these services are regulated and
controlled by the Pubhc Utilities Commission (PUC) the
pricing fi&r these services to the CLECs is set. The monthly
CLEC discoun& &s approx&mately $ 5 tu $ 6 per lu&c per month
for bdsw. rale serv&ccs. Tius meaner u& pracl&cahly, thai a
CLECcanonlychargcanadd&nonal $ S or$6to theresulenual
customer for basic rate services otherwise they would be
more expensive than the I.li(1 and no one would buy the
services from them, telephone customers would simply stay
with the LEC.

To be compct&tive then, CLECs &ry to sell additional ser-
vices such as call waiting, caller ll), etc. where they have as
much as a 50% margin Some ('l,l i('9 also bundle long d&s-

tance services with their pacl ages as additional incentive to
et residential customers to buy local telephone service from

them. S&ncc long dmtancc fees are as low as pcruues pcr
nnnulc io lhc customer. &herc is little prolil in long distance for
thc CLECs. As &t &s, the pnc&ng structure &s such that thc LECs
will stay in control of the residential market, and the ('I I &('s

are nothin more than a marketing arm of the 1,1:C. 'I'lus

structure also kccps thc CLECs at an equal competiiivc
advantage, or disadvanta e. with respect to each other 'the
only thing that one ('l,l (C could do to gain mo&e customers is
to be a better marketier Since the ('l.l&('s are unable to
discount their services because their marg&ns are too slim as it
is. the net elfect is that the consumer looses by not really
gcll&ng compclinon u& lhc rcs&dent&el markets, and puces are
kept anilicially lugh.

For the CLEC s to be truly competitive in the local telecom-
Ui mu&ucalions markets. they must be uble to do more than

simply resell Ihc LECs services. CLEC6 must bc able Io offi:r
many more features or services than those that the I.l i('ro-
vides, and they must be able to do this at a lower cost, in order
to attract nev, customers.

So, what neiv services can the Cl li('s offer'! As things
stand today there are none, v ith the exception of DSI, or
Cable seri ices which require tremendous &nfmastnicture costs
on behalf of the CLEC. However, by deploy&ng an RC(i in a
rcsidcncc, CLECs cdn olfbr;Ul(snead uew calling lbalures
and scrv&ces over &he existing POTS hne 11&cir costs for thc
POTS lu&c I)om thc LEC remains the same, but they c&m now
charge tbr high bm&dwidth data services as well as additional
calling and rnessaging fean&res that the 1.1&('s cannot offer
This is their competitive advantage.

Competitio&u

Many companies are currently trying to provide VolP ser-
vices to residential customers over high-speed or broadband
backbones such as DSL m&d cable modems, over lntcmcl
conn&mt&ons v&a a computer. The h&gh-spccd services rcqu&re

30
expensive infrastructure enhancements to the local telephone
cmnpanies'acilities and cable plants, as well as expensive
modems at the customer*s end. These serv&ces are also diih-
cult to deploy and too complicated fi&r the avenge user. Inter-

3(
net based Vol P services suffer from Internet delays caused by
a lack of true Quality ol'Service (QOS) capab&htics across thc
Intcrnct. Exislu&g VoIP scrviccs also requ&re access to a com-
puter and a technical kno&vledge to be able to n&ake it work
13ecause of these problen&s. Voip services are primarily tar-
geted at the corporate market place where private IP netvvorks

40
that can carry VoIP services with a true guaranteed QOS exist,
or can be controlled.

Thc only availableal&cmauves lbr thc res&dent&al user lor
h&gh spccd services arc DSL and cubic modems. DSL and
Cable based conunu&ucanons reach only a small scipncni of
the population, and growth has failed to live up to initial
expectations I'he recent collapse ofthe internet boom has led
to the failure of many DSL service providers and has effec-
tively eliminated DSL as 0 potential service for most POTS
users lul thc uuu&cd&dtc IUIUrc.

SIIMMARY Ol'1111i INVI INTION

The RC(i combines the capabilit&es and features of IP
routers. Class 5 circuit switches and wireless LANs in a small
stand-alone external modem like dcv &cc. Add&1&one I capabili-
tu:6 fol 0 hduds-ice spcdkcrphout: ilcv&cc w &lh a Is& gc lotlch
display are also detailed I'he R( (i can en&ploy a lar e display
v ith sufficient resolution to provide a functional user inter-

( &, face to access all ofthe advanced features offered by the RCG,
but also to be able to provide video telephone services.

The dei ice is placed in a residence and connected to the
pnmary POTS lrnc conung I)om thc LEC. Up &o tlucc stan-
dard lclephuncs or FAX maclnncs (or uny combination) are

6( typically curu&cclcd u&&o the RC(i. It also has a Universal
Senal Bus (f)S13) and(or a 10-1001:thernet interface for con-
nection to a computer or a I.ocal Area Network (I.AN). In
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addition, &&has m& 802.11b/g wirclcss uitcrface fi&r w&rclcss
home netv Orking as well as bn&adband to-the home serv&ces.

The system is installed in a customer's home by simply
plugging it into the existing incoming telephone line that
prov&dcs POTS services from thc LEC. Onc or morc standard
telcphoncs are then plugged &nto &ts three lute-output picks.
'I'his is the siniplest and most basic usage In this implenien-
tation. the user only &s interested in gaining additional tele-
phone lines into the household. No computer connection &s

required in order to use the system. However. ifdata conunu- &0

nications are des&red, then there are three additional interfaces
for computer conn&mt&v&ty. Typ&cally e&ther an Ethcrne1 purl,
USB port or fircst &rc (IEEE 1394) port &s usxxl 10 connect to a
P( or I.AN 'I'he 802.11b/g interface is fi&r wireless conunu-
nications benveen the R('(I and P('s. other R('(is as well as
any other types of compatible wireless devices A vers&on of
the RCCi includes a speakerphone and video camera to pro-
vided fi&r video telephone service~.

Services Provided by the R('(I:
The folloii in discussion refers to FICI. 1. The R('(I has a &1'ain

systeni processor that is responsible for all house keep-
ing mid trallic routing tasks. The Maui CP11 19 routes data to
and Ibom the Ethcrnct Port 11. USB Pon 12, ModcnVDAA
41. DSP Engine 33, 802.11b/g Module 36 and the Display
and Keypad 10.

11&e RCCi prov&des a total tclccommurucat&ons conumuu-
cduons scr»ccs package for residential and small bus&ness
customers. W&th thc RCG, a CLEC can oifcr &ts customers
dialtone for up to three sepm ate telephone munbers per resi-
dence (the limit of three telephone numbers is an arbitrary
number based upon typical residential usage and is not a limit
imposed by the system). all local and long distance serv&ces,
24/7 always-on Internet access, a host of custom messaging
dnd cdlluig fi:aturcs, as well as Bmadband access and hi):linc
scrv&cc. All of thcsc serv&ccs can be offered over a customer's
existin PO1 S line. and it doesn' require any network infra-
structure build out like IXSI. and ( able services llccause
there is no expensive network equipment required. it can be
readily deployed throughout the country to expand the
CLECs customer base quickly. 40

The RCCi is desi@ted to enhance, not replace. &he existing
telephone line. enablin it to provide new combined pack-
et&Lixl voict: B&lil ilB&B so&vices. Iviciiuwh&hv all cxistulg tclc-
counnUU&et&&linis u&lrastrilctiuc B&ld c&IU&p&1&cnt w&11 conunUc
to work sc unless ly w &th the RCG. Asulc from s&mply install-
ing the low cost 8('G device in the home teleplxme wiring. no
other equipment needs to be purchased by either the home
owner or telephone compania~. This eliminates the tremen-
dously expensive infrastructure costs fi&r conuminications
compamcs Ihat arc tryu&g to prov&dc voice scrv &ces usu&g DSL
or cable modems.

The RC&) VIP Home Ciateway Features:
Up to three telephone lines i.e. numbers. over a single

POTS line and/or» ireless connection.
&1

Ethernet. US 13 and Il il il I 1394 computer interfaces.
Full Gl, G2 and Ci3 FAX suppori.
Full support for all CLASS services.
Broadband networlong for home computers and appli-

ances as well as» ide area networking using a combinauon of to
plurality POTS 1&nes coruwctcd to a plumlity of RCGs

d&ld/0& &I ihrcct w&rclcss connect&ou 10 a w u i h ss access point
('lliese interfaces allow sn&art devices to comnninicate to
other devices within the home. or over the Internet tlirough
the RCG.) ss

Automated, remote upgradability and configuration (Re-
quires the customer to do nothing.)

Tnu&sparcnt user opcrauon. (User doesn't have to know
that any new technology is being employed)

100% coinpatible with existing public telephone system.
V&deo 1'elephone capabilities.
No local or long distance usage charges.
No Internet access fees.
Lower monthly conununication costs.
Mult&pic tclcphonc calls at the same time.
Voice messaging, tblloiv me features, call fi&rwarding„

mitoniatic call back. conferencing. custoni call routing I lome
networking capabilities. all ('I,ASS calling features, high
speed broadband networking, continuous 24/7 internet access
and many others.

All 01 thcsc IcBtU&t:s d&I: dtiiilablt: cvcn vvll&lc conncc&cd 10

thc Inter&lct.
Very low cost of entry into the market, especially as com-

pared to broadband alternatives.
New calling features that are not currently available to

home users.

13RIEF DES('1(IPI ION OI'I Il: DRAWINGS

FICi. I shows the RCCi hinctional block diagram with the
preferred embodiment ofan 802.11 wireless connection.

FICi 2 shows thc network topology for net&vc RCG to RCG
conn&til&1&c'11&ons.

FICi 3 shows thc ncnwork topolo y for an RCG to PSTN
call

Iil(i 4 shoivs the )3( (I top vie&v with assoc&ated functions
FICi 5 shows the R('Ci rear viev, and associated connec-

n&1us.

FICi 6 shows a typical dppl&cat&on w&th pcnphcral cx)uip-
&1&cn& con&lcctltu&s.

FICi 7 shows an dd-hoc wirclcss LAN conligurauon w&th

ppp multilink data distribution and wireless connectivity.
l&I(i 8 shows an ad-hoc ivireless I,AN configuration ivith

ppp nmltil ink data distribution and w&re less connect ivitv with
connection to a broadband neighborhood access point (Wi-Fi
hot spot).

FICi 9 shows an ad-hoc w &rclcss LAN configuration w»h
ppp mult&l&nk &gita d&su &buuon and w&rclcss connect ivity w»h
wireless data hopping ivith PO'IS connections through
munerous different ('ass 5 Offices.

DE'I'AII,ED DES('l(IPTION AND PRI:11&RRED
EMBODIMENT

Thc prcfi:rrixl cmbodimcnt is dcta&lcd here&n using thc
ubiquitous802 11 wireless pmtocol It is by no means insinu-
ated that this is the Only ivireless scheme that can be used by
th&s device; rather, it is intended that any wireless transmis-
sion scheme can be used for wireless communications
between tlus device and other wireless devices as various
dpphcB&iona nia)'&ctiltc.

System Initialization
Refer to FIGS. 1, 2 and 3 for thc following discuss&un.

When the RCG is Iirst pluggcsl into an AC power outlet thc
Mam CPU 19. performs a Pow cr-on Sel I'Tea I (POST) rout uic.
Once the POSFI'ompletes and the R('(i is connected to an
act&ve PO IS line, connected to the I li(l by means of the
Incoming POTS Port 40, the RCCi automatically initiates a
modem connection via the ModenUDAA 41, to a registration
scrv&cc via a toll frcm 800 telephone number. Thc rcgistrat&on
scrv&cc connccm directly to thc serv&cc prov&dcr's sales or
customer scrv&cc olliccs via d VolP connect&on. An operator
or an automated service answers the call and sets up a neiv
account for the customer. Once the account is set up. the
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i

service prov iders network automatically sends control infor-
mation to the device to store the required routing and feature/
service ulfomultlon ni lN non-volalilL'. Bu:ninny of ils MBul
( VU 19. As part of this information, a local dialup telephone
number is sent lo tlm dcvicc that 0 will use for local network
access in tbe same fashion as a standard ISV connection is
made from a home computer. The URL ofthe Softswitch/SIP
Proxy Sewer and Registmsr 51 that will be controlling tlus
particular device is also stored at this time. During the service

i it
acuvanon and couiiguration process, thc customer service
operator can send test requests to the device, ns well as call
inio il On another telcphonc number (Bssumuig an additional
telephone nunlber is part of the users class of service) or the
speal erphonc lo 1 enfy tlrat it is coniigurcxl and workin prop-
erly 'I'he final step of the configuration and initialization
process is to register the device with the appropriate Sofi-
switch,'SIV Proxy Server and Registrar 31 so that the Soft-
siv itch/SIP Proxy Server and Registrar 51 knows that it is the
conlrolluig SIP Proxy for (his RCG. Also configured at tlus
time is the username/password verification server (tlfis is a
standard network device Bnd is nol shown) that ls usixi 10

alloiv the R('G's niodem to make a coimection onto the
service provider's network. Once ihe RCG coniiguralion is
completed, it disco nnects the call by hanging up theModenv'AA

41. then dials thc ncw local network access number lltat
had been sent duung the configumstion process and estab-
lishes a constant local network connection. This connection la

nlaintained contuluously on a 24/7 basis, and is immediately
reestablished v,henever lt drops. Should the RCC( become ui

unable to rcestabhah this connimuon alter several Irics. it will
switch over to failsafe mode and infoun the user via the
Display and Kcypad 10. Thc RCG will try lo rccstablish the
connection every few minutes until it finally succeeds

By default, the first telephone port. POTS I Port 30, ls
Bsstgncxl as tlu: tcnnination pou Ibr the cxistuig POTS service
that is connected lo Iucomuig POTS Port 40. Tins is thc
existin telephone service that the user already has as lus
primary telephone service from his I,li( V(TIS I Port 30,
typically has connected to lt a ~tandard telephone set thor does
not require any pov er (other than that derived over the POTS
interface) to operate properly. POTS I Port 30 is the Lifeline
tclcyhonc purl lor the user. Iu the case that all pow er is lo sl 10

thc RCG, POTS I Port 30 will fail to B direct coiuiection to the
incoming POTS Port 40 telephone line that comes into the
R('(i front the I I I('o provide uninterrupted telephone ser-
vices to the user In this state, however. none ofthe enhanced
VoIP services of the RCCi are available to the user since the
user simply has a stand POTS telephone service to the LEC.

Two additional and unique Iclcphonc numbers can be
assipied to the nther uvo telephone ports, V(y(S 2 Port 29 and
VOIS 3 Vnrt 28, by the service provider at any time 'I'hese
numbers are drawn fmm a pool of available telephone num-
bers assigned to the service provider. POTS 2 Port 29 and s.
POTS 3 Port 28 must lo have standard lelcphonc numbers
asstgnLVI to (hmn so that the PSTN is able to route calls from
ils Bc(work to tlmsc ports. For calls onginsting (born IP based
IL'lephoiles, these nunlbei s Bi'e not oecessBi'lly'eeded shlce
POTS I Port 30, VOI'S 2 Port 29 and POTS 3 Port 28 are io
uniquely identifiable to IP networks via their IP addresses
assigned througrhthe Dynanuc Host Configuratio Protocol
(DHCP) at thc ume that the RCG establishes a connecnon to
thc sers icc provider's network. Suicc POTS 2 Port 29 and
POTS 3 Port 28 must have B telcphunc number assigned to ss
them, it is a matter of convenience to use the assianed tele-
phone numbers as part of their SIV address for IV routing of

their data In Ibis way, all tluec user POTS ports, POTS 1 Purt
3U, VOI S Z Port 29 and POTS 3 Port 28 are all addressed the
s'uue lriBnoi'.

At this point, the user is able to take advantage ofall of the
RCCi's features that have been activated according to lfis
service agreement. The user can at any time connect addi-
tional tclcphoncs, a computer or a computer network lo Ihe
RCCi Thc user will only bc able to use those telephone ports
(POTS I Port 3 U, VO1'S 2 Port 29 nr VO I'8 3 Port 28) that have
been activated, and assianed unique telephone numbers by
the service provider Anv type ot standard telephone can be
connected to the tluee POTS ports. POTS I Port 30, POTS 2

Port Z9 and POTS 3 Port 28. In the event that a cordless
tclcphone or a lelcplxine lluii derives iN power from mi AC
outlet is connected lo POTS I Port 30, thc hfchne function-
ality nf this port ivill be ineffective since the telephone itself
v 111 BL11 opal'Bte once powel's losl.

'I'he speaker phone feature nf the R('(i. comprised of
Speal erphone Drivers 22, Microphone 24, Speaker 25 and
DSP Engine 33. can be used on any of the activated telephone
numbers Bnd is by default enabled to operate on POTS I Port
30. Once ci ther o I'(he other lwo telephone ports, POTS 2 Port
29 or VO'IS 3 Port 28, is activated. the speakerphone function
is activated for those lines as well. 10 use the speakerphone
for any assigned telephone number, the user simply presses
either the line Select Button 79-81 for Line I, Line 2 or Line
3 on the face of the RCG. and the speakerphone hntction is
acuvatcd on that linc. Tlus is convcnimit for answcrui miy
call directly al the RCG. The RCG may or may not have B

nuntber keypad for oriainating calls 'Ibis feature may be
added or remnved based upon the tar et market price points

'I'he determination as to which Inter I:xchange Carrier
(IXC) the RCC) will route its data through is determined by
any of a niunber of criteria including. but not limited to,
w he( lmr the RCG is a prix Blc labeled product, or which ca mar

has lhc lowest cost routing. Or 11 a spcciiic earner is speci(IVVI

by thc customer. or Bnd number of other considcrauons. The
R('(i can be programmed tn chan e its muting path to any
IX(.'t any time by the service pnivider. ('Omplicated routing
algontlmts can be prop ammed into the RCCi to control wlfich
IXC lt ivili use at any tinte.

Failsafc Mode.
Duruig any time that thc RCG is in Ihilsafc mode i.e.

Lifi:linc failsaib logic 39 is ac(is atcd, lhe RCG will only bc
able to receive or initiate telephnne calls via the telephone
connected to its primary telephnne port, VO'I'S I I'ort 30 or
through its speakerphone feature. In this condition, all acti-
vated telephone numbers are ported via the PSTN to the
pnmary (Iirst) telcphonc number for dchvcry lo the user's
tclcphonc that is connected lo POTS 1 Port 30. Wlulc in
failsafc mode. the modem is not acuvalcd, and thc RCG
appears to the local Class 5 oNce as a standard telephone. and
the VS I'N will route all inconung calls to the R('(i as it
normally would to any standard telephone

Call Floiv I:
Dialed call onginalion Ibom a telcphonc coiuicclcd to an

RCCi POTS port and tcmiinating at another user's RCG
POTS porn

When a user picks up a telephone connected to any of the
three POTS ports, VO1'S I Port 30. VO'I'S 2 Port 29 and VO f8
3 Port 28. an off hook condition is detected by the SLIC/
CODEC Interface Z7 that is connected to the DSP Engine 33
by way of Ihc DSP Audio Intcrfacc 31. Thc DSP Enguie 33
responds by sending digitally gcncrated die ltonc lo thc appro-
pnatc POTS intcrihcc over die DSP Audio Interface 31.
(Note: all BORS('I l I'elephony functions are performed by
the DSV lingine 33 and the SI,I('/('ODII('nterface 27 )
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Upon hearing ihc dinlionc, the user cnlers the desired tele-
phone nun)her on his telephone keypad. 11ie l)ual 'I'one

Multi-lirequency (Iyl MI') digits that the user dials are
decoded within the DSV Jingine 33 The dialed digits are
transferred to the Main CPU 19 via the CPU/DSP Conunu-
nications Path 34. The Main CPU 19 polls the DSP Engine 33
approxunaicly cvcry iwo nulhscconds lookulg lor dale The
Maul CPU 19 polling rate vs mes according to the process (liat
is being pertilrnted 'lite ('Vtl/l)SV ('ommunications path 34
also can enerate an internipt to tilrce data transfer between it
and the Main ('VU 19

The Main CPU 19 enerates a SIP Invite IP packet using
the dialed digits as the called destination address and the URL
of iis local controlling SIP Proxy Server wluch was pro-
gra named ulto thc RCG dunng thc configuration process Thc
Main ('PU 19 passes this SIP packet off to the Modenl/DAA
41 for transmission over the network qhe RC(i Modenv'
)AA 41 is connected to and conununicating v ith a nxidem in

a modem bank located in the inter Exchange Carrier's JIXCs)
facility. This facility may actually be located in the LEC*s
physmdl plant or 11 mny be physically localcd al another
JOCiiilcll.

Referrin to 11(i 2. User A R('(i 44 is connected via its
nlodem to the I.li("s local ( Lass 5 Otfice A 47. In tlus
exmuple, the service provider's connections to the IXC A
Modem Bank & Router 48 are through IXC A Inter-Ofhce
Trunks 46. The service provider may or may not be the IXC.
If ihc scrvicc provider docs not have im own network, then it
w ill purchase capacity I'rom an IXC and route its tra fiic le lha 1

IX("s facihties 'I he SIV Invite IP Packet that i ~ sent front
User A R('(i 44 tmsnsits the I,li("s ( lass 5 OtTice A 47
facilities and ls routed to the IX(' Modem 13ank/Router 48
via the IXC A Inter-Office Tninks 46. It is the job ofthe router
to take the IP pacl et and route it on to its intended destination,
in ibis case the appropnaie SIP pmxy server 51. Thc router
uses the URL for the Softswitclt/SIP Proxy Scrvcr and Rcg-
isu ar 51 contained in thc SIP Invite to Julow where to route the
packet(Note 'I'heSoftswitch. SIP Proxy Serverand Registrar
are lo ical devices that may reside in a single computer sys-
tem, or nlay be implemented as completely separate devices.
In this example. the Sofiswitch, SIP Proxy Server nnd Re-
isirdr arc all shown as a single physical device ruiunng ilu:sc
tluce separate processes.) Thc IXC A Modem B ulk/Router
48 senile the SIP Invite IP packet on io Sofisw t toit/SIP Proxy
)erver and Registrar 51 via an IV based network route 52

'lhe SIV Proxy )erver process running on Softsv itclt/SIV
Proxy Server and Registrar 51 perfiinns a look up to deter-
mine the termination destination for the call usiltg the dialed
digits passed along ul thc SIP invite IP packet. In tlus
example, ihc tcrminnilng device lor User B RCG 56 ls via
IXC B's Modem Bank/Router 49 then iluuugh Class 5 Ofiice
13 50 and over I.Jser 13 VO I'S line 55 and finally to JJser 13 RC(i
56 Not covered in detail here is the SIV inessage handling
since it is completely covered in JETF RFC2543. Tlus
example shows that both the originating and temlinnting ends
of ilus call arc controlled by thc same Sollswitclt/SIP Proxy
Scrvcr and Regmtrar 51 dcvicc. Where thc ongiiriiulg and
ierminaung mlds of a call are conirollctl by dllfi:rmlt Sufi-
switclfi) IV Proxy Server and Registrar devices. an additional
level of SIP messaging is used benveen the tv o SIV Proxy
Server processes of each of the Softswitch/SIP Proxy Server
and Registrar devices to locate and control the terminating
lociiiloll of ihc call. Agalll. Illai ulftinilatioll ls coviucil ul
IETF RFC2543 and ls rc)teated herc.

Aficr the call routing ls ac(up usulg SIP, imd User B
ansivels the call. the Softswitch/)IV Proxy Server and Reg-
istrar 51 device sends IV address of the originating llser A

RCCi 44 to the User B RCG 56 and thc IP address of User B
R('(i 56 to User A RC(i 44 Once both R('(i's have the
other's IV address, they then communicate directly to each
other usmg Real 'I'ime Protocol JR'I'V). and the Softsivitch/
SIP Proxy Server and Registrar 51 device is no longer part of
the connection. Tins direct cotmnunication is shown as IP
based RTP Stream 57 between IXC A Modem Beni 'Rouier
48 imd IXC B Modem Biulk/Router 49.

On the receiving end of the call, referring back to Iii(i. 2,
1 n liser B R('(i 56 receives the SIP Invite data stream tiuough its

Modenv'l)AA 41 and passes it on to the Main ('PU 19. The
Main CPU 19 reassembles the SIP IP packet and interrogates
the header infomlation to detemline which POTS port. POTS
1 Port 30. POTS 2 Port 29 mid POTS 3 Port 28 the cail is
dcsiulcd for based upon thc dialixl number conuiincd in thc
SIP Invite message. The Main ('Vl J 19 comnlands the l))V
Eagine 33 to cnntrol the Si,i("CODI:C Interface 27 to apply
riaging voltage to the selected V()IS port to ring the phone. A
corresponding SIP 180 (ringing) message is sent bacl to User

lc A RCCi 44 in the reverse direction. When the phone attached
to the sclcmied POTS port is mlsw ared, thc offhook condition
dc(lated by the SL IC/COD EC Interface 27 is sent tlu ough the
DSV I ingine 33 to the Main CVIJ 19 that sends the SIP 200
OK message hack to User A R('(i 44 to let the R( (i know that
the call was answered by User 13 R('(i 56 and to turn otTthe
audible ringing tone for User B. Once the call is established,
User A RCCi 44 sends and ACK F12 SIP message to I Jser B
RCCi 56 uldlcatlng (liat User A RCG 44 understands that thc
call setup has bema completed.

sc 'I'he two R('(is now exchange SIP messages that include
the type of voice encoding that will be used such as (i 729,
(i 723 I, (i 71 I etc to confiaure their RTV streams so that they
cml reliably transfer the user information between them. At
this point the call(voice data) is sent be(xi een both RCCis and

is a normal tclephonc cons ersauon takes place between thc user
A and user B.

Call tcardown is accomplished by clihcr user hangulg up
their telephone I he RC(i ofthe terminating end (the end that
hangs up the phone first) detects the on-hook condition and

dc sendsaSIPByemessagetotheotherend. Theotherendupon
receiving the SIP Bye message responds with an OK 200 SIP
mcssagc and disables lhc appropriate POTS port tliai ihe user
wds usulg.

Thc Spcakerphonc interface can bc used for clthcr end of a
telephone conversation in exactly the same way as described
above except that the correspondin V()IS port that the call
v as intended for is disabled if the call is answered via the
speakerphone.

Call Flow 2.
u Calls bctwccn ml RCG device and a PSTN telephone:

Rcfi:r to FIG. 3 Rir thc lbllowulg dmcusslon
In the previous call example, the PS'I'N network had noth-

ing tn do since the cali ives over a previously established
modem connection between nvo RCCis In the cases where a

s. call originates or terminates to a standard telephone serviced
by a Class 5 olticc, thc process is a bli morc complicated.

When a call origulaies from a user vln an RC(i. such as
User A RCG 44. (hc call handJing pracuces arecxacily thc
sante up tn the point that the SIP Proxy Server pmcess in the

rc Softswltch, SIV Proxy Server and Registmsr 51 performs a
lookup to determine how to route the call In this case, the SIP
Proxy Server process determines that the cal tenn(nates at a
standard PSTN tclcqihonc attached to the Class 5 Ofiicc B 50.
Sulce thc call onginaies as a native XdoIP scrvlcc, it must be

ss converted to a stamhird switched circuit based scrvlcc io be
able to be delivered to User 13's telephone 61 I'he conversion
is performed by the IXC's Media (iateway 60 device In this
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ample. the SIP Proxy Scrvcr process routes thc cal via thc
IX("s Media (iateway 60 device instead of thmugh the IXC
13 Modenl 13ank/Router 49 as before fhe SIP Proxy Server
pmcess sends a SIP Invite to the IX("s Media Gatev ay 60
device. as well as other control infounation. to direct the
Media Ctateway 60 device to terminate the cali and to apply
thC Bpploprlati: vo&Ci: Colllpli:SS&oil Blgiilllhlll lo ll&C inC&h&I

stream lo convert &t between sw itched c&rcu&&PCM fi&nnat and
the selected 'vblp pmtocol At the smne time, the Softswitch
pmcess ofthe Softsw&tch, SIP Pnlxy )erver and 1(egistrar51 la
device sends commands to the Media Gateway 6(l device to
cause it to route the call* a P('M data to a specific channel on
the IXC B Interoflice Trunk 54. The Softswitch process then
gcncrales an SS7 ISUP message tlml &s sent over the PSTN
SS7 s&giraluig network to thc Class 5 Oflicc B &uihrnnng it of &

the incoming call and on which circuit the call has been
placed It is up to the PSTN at this point to ring the User B
telephone 61 and process the call benveen the IX(ys Media
Gateway and the User B Telephone 61. The Sot'&switch pro-
cess handles the si naling conversion between the PSTNs IB

SS7 network m&d lhc IXCB SIP mcssaging, as well as any
other proprietary signaling schemes uuhzcd by lhc IXC to
control its network 1'he standard )87 call control messages,
such as ringing, busy, ring hack etc, all have a comparable
SIP call tlow control messages 'I he Softswitch simply maps
the SS7 messages into SIP messages and visa-versa while
routing the messages to the appropriate network equipment.

As in thc case of a call bctwccn two RCGS, tlm RTP media
stream /the actual call data) &s routed d&rcctly bc die IXC A
Modenl I lank i Router 48 and the IX("s Media Gateway 60 via &c

an IP based RTP )tream 57
Again, cali teardo&vn &s accomplished by either user hang-

in up their telephone. Dependin which end hangs up the
phone first. the associated netvvork will generate the appro-
pnalc messages which w&11 eventually make it back to the ls
Softsw&tch process. Thc Soflswilch pmccss w&11 relay the

appropn ate call control mcssagcs between die PSTN and the
IXC's SIP based control system.

A telephone call originatulg from a P)'IN telephone &s

configured and setup in the same thshion as the above descrip- so
&ion except that the onginating messaging be ins witlfin the
PSTN network instead of lhe IXC *a network.

Personal Computer Basixl Conumuucauons:
Whcrc lhc RCG &s connected to a Personal Computer /PC)

through either its USI3 Port 11 or I ithernet Pou 12, the RCG
operates exactly as a cable or DSI, type modern device 'I he
RC(t is simply a pass tluough for the computer's dam The
RC(t receives the IP packets (of whatever type) from the
Coll&pl&tel anil Si:ll&IS lilt: it&foll&la&&on ul&ChB&lgixl lii li&C

ModcnflDAA 41 interface for transmission over lhe Internet B

Recciicd &nfonnat&on from thc Intcmcl is processed in the
reverse way

Dynamic 13andwidth Allocation:
When a modem connection is established between the

RCG and the "Netu ork**, the total available bandwidth of tlus 11

co&uuxuon &s used &n a sharedipnontizcd fashion. Voice ser-
i icea /calls) lake prcccdcucc over data serv&ces. Thercfi&rc,
when no calls are &n progress all of lhe ava&labia bmidw idth is
used by data type services such as surhng the internet of
uploadingidownloading files I lowever, when a call is to be io
passed tim&ugt the RCCI. the required bandwidth for the call
is deailocated fmm the data services and prioritized for the
tclcphonc call. Tlus ncccssary because the Quality Ol'Serv&ce

fQOS) &s important for cffcclivc conunumcauons over elec-
tronic networks. Suicc thc vo&cc dale &s carried over a "data ss
centric" network topology fan IP based network). call quality
cml sutter really I.very effort nlust be taken to eliminate or

rcducc thc packet delay through every network elcmcnl io bc
able to provide the hest cail quality. (&or data applications such
as surhng the Internet or downloading files packet delay is
acceptable and expected. and it does not affect the "quality'*
of the data.

Since afl voice and data is transmitted as packets. there are
no "tune slots** or other iype of '*channel&zauon" assocratcx(
w&th the transmiss&on ol'tlus data over mthcr the POTS hne or
the wireless interface ('hannelization of the voice data does
occur within the Sl,l( /('odec Interface 27 but is converted
into IP packets by the DSP engine 33 and is handled as
pacl ets from that point on.

Regardless ofv:hether the call is origi net&ng or temiinating
al the RCG, thc bandw&dlh allocauou process w the same.
When llm SIP call ac&up mcssagcs arc processed, thc type of
voice compression that &vill be used is defined. 'I'he R(XI
Ma&n (.'PU 19 handles the IP packet tlow between the D)P
I:agine 33. US 13 Port IZ, i&then&et Port 11, 802.1 lb/g Module
36 and the Modenv'DAA 41 devices g&vin priority to the
voice packets to and from the DSP Engne 33 and the Modem/
DAA 41 interfaces. Xb&cc compress&ou algonthms create IP
packets al a specified number of packets pcr second. These
packets are handled by a timed process in the R('(i. 'I'his

pmcess is started during call setup so that the packets are
handled at the correct rate based upon the compression algo-
rithm*s packet gene ration There is no priority assigned
between the voice packets of each of the tluee difTerent POTS
Ports 28-30. When more tluul onc voice call w &n progress.
they arc handled in a round robin Ibsh&on based upon thc
packet fate for the compression algonthm used. If. filr
example, two calls are using a compression scheme that gen-
erates packets every 2 milliseconds, and the third generates
packets every 4 milliseconds. then the calls utilizing the faster
packet rate wiil be polled at t&vice the rate as the call using a
slower packet rulc bul lhcy are not given pnonly "over** lhe
other call. Only when thcrc arc no voice packets ready lor
transmiss&on lo the Modem'DAA 41. &.c. durulg thc approxi-
mately 2 to 4 millisecond packeti sation period between pack-
ets, v ill any pending data packets received front the U 813 Port
12. Ethernet Port 11 or the 802.11b/ Module 36 be sent to the
Modem/DAA 41 for transmission over the neuvork.

Thus, the POTS bandw&dth &s allocated on a per packet
bas&s, nol on a "tune slot" or **ching&cl&zal&ou" or even a
"frcqucncy" bas&s us il thc case with T Carrier, DSL or clian-
nelized DSI.. systems 'I he same is tme filr the wireless inter-
face, whether it is carrying pure data or voice

Security is currently a big concern in today *
a networks, and

especially vvith vvireless 802.11 tmsnsmissions. For this rea-
son, the RCG defaults to route vowe datu over the users POTS
conn&mt&on via Incoming POTS Port 40. As security concerns
ri:gilldlllg WIICICSS Col&Ill&a&IICB(lol&S lranslulssiol&S BIC

addressed and alleviated. voice call data can, and will, be
routed over the wireless interface via the 802.11b/g Module
36.

FAX Transmission;
Group 1, 2 and 3 Fax lrmlsmiss&on &s complclcly supported

by thc RCG. Fax transmission has the Brune pnonty as other
vo&cc conuuunications. That &s to say that FAX trimsm&ss&on
is treated the same as a voice cail and takes precedence over
native I P data traflic

Broadband Over POTS:
One of the primary functions of the RCCI is to be able to

transfi:r large files such as 1 ideo (iles over thc POTS lines lo
a rcs&dence. Thc ab&hty to do this is inn&lcd by thc maxunum
of 56 Kbps due lo the design of the ihg&tal Class 5 oflice
linecards and nenvork transmission schemes based upon f
carriers. I'ypical Class 5 linecard design samples the PO'I')

RED HAT 1015 
RED HAT V. CAS



VS 7,606,156 B2

lures at a rate of 8,000 samples pcr second. T)p&cally, each
sample is digitized into 12 to 16 bits by a codec device 'I he
digitized sample &s then companded to an 8 bit sample (I byte)
which nmkes up the V('M data stream that is transferred over
the PSTN. Therefore, each POTS line is sampled nt an effec-
tive mate of64 Kbps. Since le acy TI transmission equipment
uses robbed-bit s&gnal&ng. Ihc max&mum guarantccxl trans-
nnssion rale for thc PSTN as a whole is 56 Kbps. Because of
this lin&itat&on. standard VO18 lines can only guarantee a
n&aximum of 56 Kbps tmsnsfer rate under the best conditions. &c

l)SI equipment gets around this problem by installing DSI,
Access Multiplex&ng (DSLAM) equipment at the C'Lass 5

office end ofthe POTS line. By routing around the 1inecard. as
well ds routing the daLi d&rcclly over Ihe Inlcmcl or other
pnvatc IP based networks, m&d thcrefi&re 0&e 64 Kbps s&un-

pling rate, l)SI. is not bandwidth limited like VS'I'N tratfic &s.

l)SI . ho&vever. suffers fmm the very high costs associated
withthepurchase. installation,maintenance,fioorleasecosts,
etc. DSL also sufi'ers from very high deployment cosrs result-
in front the labor intensive process to turn up each line. Each zc

DSL "POTS" 1&nc must be u&spect ink cond&tioncil m&il all load
co&ls rmno& cxl.

1'he R('Ci ets around the 56 Kbps PO'I'S limitation as well
a s the I ) 8 1. pm bi ems by using the s tan rLS rd VO'I'S lines as they
are. and not requiring any additional equipment to be installed
at the CLsss 5 end of the POTS line. This teclmique simplihes
deployment and dmstically cuts costs.

Mululuik PPP Connections.
Rcfcrring to FIG. 7, thc RCG unplements broadband over

POTS by employing an 802 I I b/8 wireless interface to con- ic
fi ure a multilink VVV bundle-87 (per RJI( 19')0) comprised
ofthe VOI'S lines connected to up to 32 8('(is. 1'he limitation
of32 RCGs in a multilink PPP bundle is an arbirrary &uunber
and can be scaled up or down as required to supporr changes
in net

work

equ &pmcnt
cdpab&1&ucs. An 802.1 lb/g intcrf'acc-87 is

is shown as thc preferred embodiment, su&ca ns 11/54 Mbps
intcrfdcc &s cons&dcrcd sufiic&cnt band+id&h at tlus t&me also,
its transn&isa ion distances are sufficient for i mplementat&on of
this device. as opposed to other shorter ranged wireless trans-
mission schemes. However as time goes on, some other w&re- dc

less interface may be more desirable. There is nothing spec&al
or spccilic to thc 802.11 wirclcss uilerlhcc that makes il
pi&ruculd&l)'u&teil lo lh&s dppl&cat&o&1. Anv w&rclcss ullcrf&icc
schcmc can be used to nuplemcnt th&s dcvwe.

'lite 802 I lb/g interface-88 on an individual RC(i is also
used to provide a peer-to-peer wireless home nenvorking
enviromnent to other 802.11 compatible wireless component
within the residence (such as a hand-held computer device)
w lnle act uig as m& always on d&alup Inlcrncl gateway over the
POTS lute-40 for the other w&relcss dev&ces. An RCG tlru &s

transfi rr&ng a very large file can rcqucst thc serv&ces of'31 (&n

this embodiment) other R('(is to assist in the file transfer
using their respective VOJS lines A single R('Ci can there-
fore gain the combined bandwidth of up to 32 POTS lines
transferring data at as nutch as 56 Kbps each to transfer s.
infonndiion. Th&s &s roughly cquivalmit lo a trm&sfer rate of
1.79 Mpbs ui thc inbound d&rccuon (towards thc RCG) and
dpproxunatcly 1.075 Mbps in thc outbound &fraction (to-
wards the PS'I'N)

'lite mull&link VVV connect&on-87 is initiated bv an RC(i so

when it determines that the file (or streaming service) that &t &s

to do&vnload (receive) is of sufhcient size or requires a rnini-
mum amount of bandw&dth to Iusufy Ihe use of a anil&&link

PPP co&uuxuon Th&s dctemunauon can bc made on many
d&lfcrcnl cnlena such as the file s&ze, lype of'ata beuig ss
transmitted, the type of compression if any. a Quality-of-
Se&vice requirement or any other pertinent inforntation.

(Since a curls&n amount of'verhead m rcxlu&rcd to sct up a
Multilink VVV connection, it doesn't make sense to use it fi&r

small or lo&v data rate transfers )
Mult&link VVV Bandkvidth Allocation and Init&alization
Referring to FICi. 7, an RCCi-85 that decides to initiate a

multil&nk PPP session with a remote computer i.e, internet
URL, rcxiucsts a multilink PPP sess&on w&lh that URL
resource via Lu&k Conuol Protocol (LCP) session manage-
ment The initiating R('Ci-85 and the ren&ote server computer
(not shown) v, ill negotiate the pert&neat ntultilink parmneters
such as compression, packet size. sync/async, link quality
monitorin . bit stufhng etc. As part of a successful multilink
PPP session setup, the initiating RCCi-85 receives a multilink
PPP session ID. or "magic number", wluch &s u sexi to ident if'y

th&s part&euler muh&lu&k PPP session and &s also used for
adding or removing links from the multiliok bundle-87. Once
the multilink bundle is setup, the initiating R('(i-85 begins
data transfer across its VOIS interface-90 with the far end
computer system. The initiating RCCi-85 then looks up the
addresses of up to 31 (in this embod&ment) other RCCis in its
router tables to usc for thcmultilinkPPP trausfer (Ifa Ne& h-
borhood Access Point is available the RCG could rcxiucst
service through it instead of settin up a Multilink VVV con-
nection see FI(i. 8 ) I'he initiating 8('(i-85 determines the
munber of remote RC(is-86 that it wants to use to get the
des&red bandwidth fiir the transfer and sends nutlt&link PPP
serv&ce requests via the 802.11b/g w&reless connect&ons-88 to
thc sclcctcxI remote RCGs-86. Thc sclccted rmnotc RCGs-86
respond back to thc inilmtmg RCG w &th c&ther m& acceptance
or denial of nndtilink VVV sew ice request. 'I'his decision is
made based upon the remote R(Xi' currently available VO I'5

bandwidth and the current local demands for that bandwidth
The remote RCG-86 niakes a decision to participate in a
multil&nk PPP service for an initiating RCCi if its POTS line-
91 h&ls a cur&cut I&vc&dgc bdudwidth ut&l»mt&on of less than
some arb&lrary linnt such as 8 Kbps to 16 Kbps This 8 Kbps
to 16 Kbps bandw iihh uul&zal&on represents about two con-
cur&'cut vificc c(n&vers;It&o&ls ushlg st,'u&rl,'&rrl vo&cc cou&prcs-
sio&1 tecliniques, or some small an&cunt of data transmission
occurring on the remote RC(i's POTS interface-91 or a com-
bination thereof. Assuniing that the remote RCCi-86 has a
modmn connect&on spccd somewhere between 33 Kbps to 56

Kbps, tlus would Jca& c approxunatcly 17 Kbps lo 40 Kbps of
POTS bandwidth that the remote RCCi-86 could ofper lo thc
in&t&sting R('(i-85 for use in its nndtilink VVV bundle-87 Of
course, if there is no activity on the ren&ote 8('(i-86 VO f5
line. then the entire bandwidth will be used for the multilink
trmisfer. If the remote RC(i-86 accepts the nudtilink PPP
scrv&cc rcqucsl I'rom thc in&t&Sting RCG-85 &I also sends its
currently available ban&in&dth on its POTS 1&nc-91 thai Ihe
init&alu&g RCG-85 w&ll ha&c available to &t for thc multilu&k
VVV transfers. The initiatin R('Ci then selects which of the
responding remote 8('(is-86 it will use for the ntultilink VPV
bundle-87 and sends then& a nudtihnk irutialization packet
containin the URL of the destination as well as the multilink
PPP session ID (mag&c number) and auy other peruncnt uifhr-
mauon rcqu&rcd I'or Ihc remote RCCi to jo&n u& the cxistu&g
multiluik PPP bundle-87. Each remote RCCi POTS inlerfacc-
91 part&cipating in a nn&ltil ink P VP bundle. represents a logi-
cal "link" in the initiating R(Xi's multilink VVV bundle-87
The remote RC(is-86 then send a multilink PPP peel et (over
their respective POTS lines-91) to the destinat&on URI with
the muhilink PPP session ID and request to be added to that
mult&hnk PPP bundle-87. The dest&nat&on URL accepts Ihe
request of each of Ihc remote RCGs-86 and bcgu&s scndu&g
data packets to each over their respect&ve VO'IS lines-91
When the remote R('Cis-86 receive rhta packets sent over
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the&r respcctivc POTS lures-91, that arc dos&mod ihr the mul-
ti link PPP bundle-87. they simply reffiy the data packets over
their802 I lb,'nterface-88totheinitiating RC(i-85 It is the
responsibihty of the init&ating 8('(i-85 to pertorm all house-
keeping tasks assoc&ated with the multilink tmnsfer such as
detection of lost packets and data packet reassembly. if those
funcuons are requ&rcd Typ&cally, losi packet detection and
retransnnssion and rcnssembly arc perli&nncd at higher OSI
layers by the requesting software such as a browser The
remote R('(is-86 are simply data transport nodes and do not &a

perform any data processing on data received overs nmltili&fi
PPP bundle destined for another RCG.

The initiating RCCi-85 of the nndtilink PPP bundle-87
conunually momtors the bandwidth ol each remote RCG's-
86 multilink 1&nk wluch togcthcr compr&se &ts mult&link
bundle-87 When the available bandwidth for the nniltilink
PPP link of an individual remote R(Xi-86 falls belov an
arbitrary ni&nimmn set by the in&tiating, 8( (i-85. the iiut&sting
RCG-85 instructs the offending remote RCCi. via its
802.lib/g ivireless interface-gg, to remove itself from the 8&

multilink bundle. Thc rcmotc RCG-86 will fi&mi not&fy the
remote computer /URL) to bc rmuovcd as a Imk ui thc current
nniltilink bundle on which &t &s participating Alternatively, a
remote R('(i-86 can inform the initiating R('(i-85 of local
demmids on its POIS bandwidth, and request that the in&tiat-

ing RC(i-85 remove it (the remote RCCi-86) from the partici-
pation in the initiating RCG'c multilink bundle-87. The
rcmotc RCG-86 w &11 not un&latcrally rcmove itscli'rom par-
uc&pai&on u& a mull&lu&k bundle w &&bout pnor notilication to
the Initiating R('G-85 I he remote R(X&-86 nnist get autlxi- ic
rivet ion from the initiat&ng R( (i-85 to remove itself fnim the
bundle. since the initiating R(Xi-85 will have no way of
knowing if the loss of data from that remote RCCr's due to
some sort of failure or from the remote RCG simply removing
itself Ibom part&cipauon &n thc mult&iuik bundle-87. Also. for ii
scrv&ccs that rixNirc a muumum Quahty of Scrv&ce (QOS)
such as strcamu&g v&dix&, thc initmnng RCG-85 needs to con-
trol the multihnk bundle-87 bandwidth. and it can not do that
if reniote R(Xi&-86 drop out of the multilink bundle-87 at
&vill. When a remote RCCi-86 requests to be removed fmm 4o

participation in a multilink bundle-87. the initiating RCCi-85
must im&ncd&ately grant the rcqucst. Il the irut&atmg RCG-85
w crc to not grant the request, then thc remote RCG-86 could,
in worst case, delay or drop &ncomuig mululmk packets des-
tined for the initiating R('(i-85 If this were to happen. the
initiatin R(Xi-85 will have m&ssing packets and could over
nut its reassembly buffer (if reassembly ic bei&tg performed
by the RCCi) causing catastrophic data loss and potentially
llavc to rests&t till: cnt&ri: trans&iuss&o&1. I&1 tite least case, thc
imt&sting RCG-85 would have to uuuate retrmtsnuss&on of o

poicntially many packets which &t assumes to be lost, but may
simply be delayed by the remote R( (i-86. Once a remote
R('(i-86 has been removed from participating in a ntultili&fi
bundle-87, the initiating RCG-85 will then look up another
rentote RCG in its router tables that can be used to participate s.
in thc multilink PPP bundle-87, imd request that thc new
rcmotc RCCi-86 to lou& thc cx&stuig muluhnk bundle-87 Tlus
is accessary to mmntau& a muumum Quality ol'Scrvmc. Sutcc
RC(is priorit&ze their bandwidth require&nents based upon
their own "local'* service &equ&reagents. their participat&on in rc
any nnfitilink PPP service is available only to bandwidth tlmt
is not required for its ov n current local demands. Therefore,
a remote RCCi's-86 bandw xlth that &s

ave &lablc

fi&r anil! &Itnk

scrv&ccs can chm&gc at any umc. The dynamic rcass&g&uncut
ol'remote RCCis that partic&pate ut a mult&lmk bundle is also si
required to prevent a renlote R( (i-86 from receiviila packets
so slowly that the oriynating 8('(i-85 interprets this delay as

lost packets. When the uuuating RCG-85 detcrmincs tlmt a
packet has been lost, and it is performing packet reassembly,
it w&ll, itself, request that the remote computer retmnsmit the
lost packet 1 he initiating R('(i v ill not ask any remote R(Xi-
86 to perform retransmissions or any other kind of data com-
putations or manipulations.

Rcfi r to FIG. 8 lbr the follow &ng d& ac usa&on. In areas where
there arc cx&st&ng 802.11 network equ&pmcnt such as Ne& h-
borhood Access Point-93, or where there is sufficient band-
width requirements from an installed base ofR('(is to ivarrant
the deployment of a Neighborhood Access Point-93. the
RCCis v, ill automatically detect the presence of the compat-
ible neighborhood access points and re ister v ith that equip-
mcnt for transport scr»ccs. In tins case. nn RCG has an
altcmative broadband sar&ice route in add&tion to thc multi-
link opt&on An R('(i can contmunicate directly with a local
802 11 Nenvork Access Point-93 that &s connected to the
PS'I'N or another carrier's network via some sort of high
bandwidth backbone such as a T-Carrier or opt&cal carrier
connect&on (TI. T3. OC3, OC12 etc.) The RCCis can com-
municate directly with neighborhood access poutm at their
liill I I/51 Mbps data ra&ca to prov&dc up to that full bimdw&dth
to the uses 'I'his functionality &s. of course. subject to the
Network Access Point-93 alloiving access to its resources to
the RC(i according to the 802.11 w&reless protocol.

This architecture is in&portent since it prov& des an avenue to
relieve the local ('ass 5 offices of con cation that can be
cmiscd by a wxic spread ilcploynu:nt ol'CGs w&thin thc
Class 5 service arcs Suicc each RCCi requ&rcs a constmu 24/7
modem connection, this ties up the ('ass 5 switch in a fashion
that it was not designed for. 'I'h&s could lead to wholesale
('ass 5 office expansions ivhich would be extremely expen-
sive. and potentially prolfibitive for the Local Exchan e Car-
riers (LECs). By deploying neighborhood access points that
opcratc at 54 Mbps /802.1 Ia/8), in areas whcrc thc RCG
concentration starts pl ac&ng too high of a dmnand on thc local
Class 5 oliicc, thc bandwidth from the RCGs can bc aggre-
gated by the neighborhood access points into large capacity
backbones to relieve the switch congestion In this case, the
RCCi POTS interface-40 can be used solely as a lifeline con-
nect&on. or when the 802.11 tvireless LAN in which the RCG
rcsidcs is congcstcd. With th&s implemcntauon, voice calls
will be corned over thc wirelcss uitcrfncc as opposed to thc
POTS intcrfacc on wluch they would nom&ally bc cerned.
Also, the R('(i modeni-41 connected to the POi S interface-
40 would not need to maintain a constant always on connec-
tion. &t could be a dialed on demand connection and thereby
relieving the local Class 5 office sivitch.

Bouncuig or Hopping Traiiic:
Rcfi:r to FIG. 9. In areas &&here thc dm&s&ty ol'R('Gs is less

than thc arbitrary number ol'32 RCGs w &th&n &ts transm&ss&on
mdius tiir &nultilink connections. the R('(is can bounce, or
relay, the data traffic between each other to reach other R('(is
located farther than the RC(is wireless transmission area
Since the POTS data rate of 56 Kbps & s m&ni scu le as compared
to the 11,'54 Mbps 802.11 b/g transfi:r rate, thc ovcrhcad
associated w&th bouncmg data trallic &s not a concern. Tlus
will allow for the Ihstcst possible dnta transfer across POTS
lines for every R('(i user.

R(Xis can also communicate directly with an 802 I la
Ne&ghborhood Access Point-93 dev&ce (such as that used in
WI-Fi networks) that is connected to a data network connec-
t&on such as a DS3 or OC3 scrv&ce via a Metro Access Pout&.

Where an RCG has access to a broadband dcv&cc such as an
802 I is type dcvicc. either d&rcctly or v&a a bounced s&goal
across several R( (is, a direct high speed data co&inaction can
be used to transfer la&ge tiles. When an 8('(i is comnnu&icat-
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ing directly w ith an 802. I I a device, dais transler spcu!s up to
the full I I/84 Mbps can be aclueved to speed video transfers
fihr such applications as video on deinand.

RC(i Router Tables:

lite RCG conunually moiutors ns 802.11b/g wireless
interface tihr transmissions from other R('(is or 802.1 la
Access Points as well as other 802 I lb/g wireless devices
hvithin the residence The RCCi provides a means to identify
and store the addresses of other RCCis and Neighlxhrhood
Access Points v, ithin its local area The RG(i creates routing
tables, much like an IP router device. so that 0 knows which
RCG s arc local to itself Bnd how many hops v ill bc ncmdcd to
reach the maximum of 32 PO'IS lines or a Neiahborhood
Access Point. 'I'he R('(i can then determine how to route its
data transfers to gain the most efticient routin and network
etficiencies.

lhc router tables in each RCG arc contuiually updatu! by
monitoruig the 802.11 lyamcs rcccived lium other RCGs or
Network Access Points 1 he number of entries in the muter
tables can be lint(ted to an arbitrary number ofother R('(is but
contains room for at least 32 entries. For each RCCr'isted in
the router tables. certain information is kept such as si rml
strength, if Ihc other device is another RCG or some other
802.11 compatible dcvwc, if the other RCG is reachable
directly. Or if it is acccsscd via another RCGs by hoppuig In
the case there R('(i hopping is used, the address ofeach RG(i
that is hopped is stored in the routing table When an RG(i is
first powered up, it monitors its 802.11 interfiace for a period
oftime to identify other RCGS or NeivgtborhoodAccess Point
dcviccs, or other Wi-Fi devices w(Qua its transrmssion area.
When first dcploycd, the RCCi will not have anv cntucs in its
routing tables. This condition can persis1 lor some Iimc. until
another R('(i or other 802 11 device is deployed witlun the
fihrmer R('(is transnhission range In this state„ the R('(i can
be used for wireless networking within the residence. con-
necting the local computer to the Ri Cis always on Internet
coilllcclioii ils wi:11 Bs 10 otllcr w Irclcss devices wlthlll Illc
home. When Bn 802.11 frame is rccmvcd by an RCG Ilmt
contains Ihc address ofan RCG whose address does not extst
in the receiving R('(i's router table fas is the case when a ncw
8('(i is hrst uistalled), the receiving R( (i polls the transniit-
ting R( 'Ci fihr its muter table mformation. The received router
information is reviev ed for other RG(.i*s or other 802 11

compsublc dcviccs that arc not hated m its ov Si router tables.
A di:cist(i(i is lllddc to usi: solllc, dll, ihr iiollc (11 Iiii: iicw roiltc
infoundiion ui its router uibics. There is no real limitaIion on
the number of 8('(is that can be "hopped*'n order to build a
complete muter table or to reach many inure RG(is, Neigh-
borhood Access Points or Metro Access Points.

Equipmcnt Bnd Services Puonucs.
.lust as voice has puority over data tmsnsferh within a single

8('(i. local 8('(i tmstfic /both voice and data) has priority over
reniote transfer requests by other RCGs. If an RCCi is cur-
rently using all of its available POTS bandwidth for its own
purposes. (I w ill deny any rcmotc RCG *

a rcqucst lbr access to
its POTS linc. Only w hcn thcrc is available POTS bandwidth
dvmlablc will an RCCi allow other RCGs access Io its POTS
line It (vill. however, bounce the traffic to other RG(is within
its transniission area if requested by the originating R('(i In
this case. available v ireless bandwidth of any R('G ftimt
amount of the I I/54 Mbps not currently used for its ov n
trafiic) can bc used to relay trallic bc( w (un other RCGs that do
have available POTS bandwidth. In thc smne Fashion. excess
wirelcss bandwidth ol'ny RCG can bc by other RCGs to
access high speed backbones via Neighborhood or Metro
Access Points

16
RCGs can also access other 802.1 I wireless netw orks

/Wit-

(ii for example) tint happen to be deployed within their ser-
vice areas. ln this case. access agreements between the R(Xi
service pmvider and the wireless network operator must be
put into place. By remaining compatible with the 802.11
standards, the RCGs capabilities wdl benetit by the growin
WI-FI Bc(work infrastructure, an the WI-FI network will
bcnelit by Ihc RCG network.

Voice Over PO'I'S and Data Over Wireless
In Normally. all communicathuts from an RCCi will be trans-

mitted oh er the local POTS line. or n multilink bundle made
up of many remote RCG POTS lines. By dcl'suit, all voice
calls will bc camcd oh cr thc "local" POTS linc-40 Io ailevmie
security/privacy concerns and 0 nly "data" will be transmitted
via multilink bundles. (ienerally. since voice "data" is com-
pressed locally by the R('(i, the required bandwidth for a
voice cull is so small that it does not make for a good choice
to route it over a multilink connection. However, it is possible
to route voice calls cut(rely over another RCCis POTS line. It

io is also possible fiir an RCG Io udnsmit voice data over POTS
lines cnmiected to other R('(is via niultilmk bundles or
directly over its 802 11 wireless interface, and since the
802 11 specification does support the Wired liquivalent Pri-
vacy (WEP) specification. n secured connection can be made
in this fashion.

Rciiiotc Upgmdabillty
The RCG is designed with the capability for unassisted

remote up radability. The remote upgradability feature is not
tllC SB(llC Bs 111C Sto(1(ig Of Opi:i atloiltll pB(dill(:IC(s ilu(1llg 111C

configuration process. This fcaturc allow s the system opcm-
tor to add nev, features as they are developed. or to correct
bugs remotely and without the users knowledge or involve-
ment. This feature can also be used to install a complete new
operating system /OS).

Kcy 10 thc successful implemcntution of thc Remote
upgradability feature is that a completely fail-safe mutine be
inipleniented that can recover from any failure during the
upgrade process and to re-initiate and monitor the upgmsde
process until it has successfully completed. This process is

40 carried out by loading n boot loader progmm that is stored in
non-volatile memory. The bool loader program provides Ihe
nummum capabiliucs Io start up thc RCCi and connect into
the system operator's diaanostics network to download fixes
or a new OS. I'he boot loader program is technically part of

ds the OS. but it cannot be over hvritten by any upgmsde process.
It Is responsible for detecting failure ofthe RCCi and initiating
a connection to the diagnostics network. Once connected with
thc diagnostics nctv ork, Ihe boot loader will prov(dc diag-
nosucs support 10 help correct the RCG's operation and
recnnfigure the OS.

Wliat is cldllllcil.
I A method fihr a yegatin . sharing and dynamically

routing and allocatin bandwidth from n plurality of wired
and wireless networks that are eo~aphically disbursed over
d Wide Brea, Bnd provulllig sollli: Oi'll Of Illc Bgg(Cgatix!
bandhvidth Io any user on mi on-demand basis, thc method
Cih(Ilpl(S(lig the StCpS 0

f'evelopingand updating a neth( ork table that comprises a
(o list of nearby RCCis. their bandwidth capabihties over

IOCBI, (C((role Slid W 1(CI(:Ss Co(ill(:Ctloiis, dllil Ill(:ll IOCB-

lion with resp(mt Io a requesting RCG,
detemiinin an optimum amount of bandwidth needed for

an Inunediate data transfer needs ofthe requestin RGCi;
ss dctcmniung winch of the nearby RCGs should bc cun-

tacted for access to unused bandwidth to support a trans-
ferofthe requestina RG(i,basedupontheirunused local
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bandwidth capacity, and a distance mtd a number of hops
betlveen the R('(is and the requesting RC(i;

sendin a request to the supporting R('(is asking for use of
a portion of the unused bandwidth;

receiving responses from the supporting RCCis w:ith infor-
mation about how much bandwidth each selected RCCi
can slrdlc,

selecting which ol'hc supportulg RCGs lo use 1'or optimal
use of needed bandwidth:

colrtactlngtile selected R( (is lvlth colrtl'ol hlfol'nlatlon fbi'l
sending data to the requesting R( (i;

sending packets of the data from the selected RCCr's to the
requesting RCCi„

reassembling the packets ol'the naia al thercqucstmg RCCi,
and 1

relinquishing the bandwidth ofeacll of the selected R( (is.
2 The method of clainl 1. huther comprising the step of

sending a request to a single supporting R(Xi that has sutfi-
cient unused bandwidth for satisfying the request of the
requesting RCCi.

3 Thc method ol'clmm 1, whcrcul each of thc supportutg
RCCis can opt out of bandwidth sharing based upon local
demand priority. and wherein local demand for bandwidth
supersedes a request ofa remote R(Xi for bandwidth sharing

4 The method of claim 1, further comprising the steps of
dynamically reallocating shared bandwidth of the support-

ing RC(is during multi-link data tmnsfers as supporting,
RCGs opt oul of bandwidth shanng due to local bmtd-
v idth demands: and

cnh sting lahhlioila 1 sup pod utg RCG s to prom dc additional
bandwidth

5 Thc method ol'laim 1. further compnslng thc step of
scheduling a data transfer to occur at a future date and time
based upon at least onc ol'nuclpatcd network btmdwlddl
availability, nenvork con cation, and future notice of avail-
abdtty of thc tiara of interest.
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