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ABSTRACT(5'7)

The Residential Comunimcations Cfatew.ay (RCO) is a broad-
band coillltliiiiications device that combines all voice, dnta
and vtdeo communications to and from a typical residetice or
small business fiir transmission over a suigle, or a p lureh ty of
Plain Old Telephone Service (POTS) lines separately or in
conjiutction w ith, a v;ireless broadband backbone. The RCE)
does tins by employing pacheti/nd ihiui » i Ih Voice over

interne-

tet Protocol (VoIP) technoloffies combined v;ith RIT commu-
nications technologies A koy consideration to thc design of
the RCCi is that no additional or specml tr msmissiim equip-
ment nnlst be installed at the Central Ofhce or anyw here else
in Ihc network io cnublc ncv: calling fcaiures pmvidcd by the
RCCE as Is the case with DSI, and Cable systems. By eluni-
nating the requirement for costly infrastructure enhance-
ments, nbiquitmis high speed cmninunications mid mrvices
cmi be deployed to every POTS subscriber.

17 Claims, 9 Drawing Shccts
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1

BROADBAVD C.'OMMUNICATIOVS Di&VI('K

RFJLATFD APPI,IC'ATIONS

i)us application is a continuation of U.S. patent applica-
tion Ser. No. 10/6g(x)75 filed Oct. 14, 2003, which claims
priority to IJ S Provisional Application Scr. No 60/41g 521,
tiled Oct. 15. 2002, all ofwhich are incorporated by reference
llerelll.

BACICO ROUND Ol'NVENTION

Tfie priinary liuiction of'he RC'(i is tn provide a platform
for ('ompetitive Local kxclmnge ('ompanies (Cl,k)Cs) to
compete v,ith the Local Exchmige Companies fLECs) for
residential voice uid data services. The LECs have a stree le
la&id on tlm "last mile*'l'copper over which ahnost all resi-

dential customers receive their conununications services.

Today, most CLECs resell the existinev services that are

olTeredbytheI.E(2s.CLECs&uakethe&rmoneybypurchasing
these services fmiu the I.ECs at a discount and marking them

up to the customer. Since these services are regulated and
controlled by the Public Utilities Commission fPUC) the
pricing for these services to the CLECs ls set. The monthly
CI,FC'iscount is approximately 95 to $6 pcr line pcr mmith
for basic rate services. This means. in practicality, that a

CLEC can only charge an additional S5 or SCi to the residential
customer for basic rate services otherwise they ~ould be
more expensive than the I,F(k and no one would buy the
services from them; telephone customers would simply stay
with the LL'C.

To be competitive then, CLL&Cs try to sell additional ser-

vices sr&eh as cafl 'lsaitlilg. calle&'D. etc where tlmy have as
much as a 50% margin. Some CT.FC:s also bundle long dis-

tance services with their packages as additional incentive to
get residenual customers to buy local telephone service from
them. Since long distance fees are as low as pemues per
mi nute to thc customer, there is little profit in long di stnncc tiir
the CLLCs. As lt ls, the pricing structure is such that the LL1Cs

will stay in cont ml nf the resident& al market, and the CLL'C s

are nothuig more tlmn u mnrkcling unn nf the I,EC'his
stnicture also keeps the ('I,H's at mi equal competitive
advantage. or disadvantage, with respect to each other. The
nnly tlung that one CLEC could do to gain more customers is
ln bc a better markcticr Since the CI.FC's are unable tn
discount their services because their nia ruins are too slim as it

ls, the net effect ls that the consumer looses by not really
getting competition ui ihe residential markets, and pnces nre

kept artificiafly high

For the C'LI',C's to bc truly competitive in the locnl lelcvoin-
nnuucations markets, they must be able to do more than
simply resell the LH's services. ('LECs nuist be able to offer
many more leatures or services than those that the I,EC pro-
vides, and they nnist be able to do tlus at a lower cost. &n order
tn au&act &tew custiilllius

So, what new services can the CLL'Cs ofTer".As things
stand today there nre nnne, with the exception of DSI, or
Cable services wluch require tremendous infrastnicture costs
nn behalf of the CLEC. However, by deploying an RC6 in a

residcnci, ( I,E( s can ofli:r ndvanced new calling fi:aturcs
and services over the existing POTS line. Their costs for the
POI'S line from the LEC remains the same, but they can nov;

charge fiir high bmidwidth data services ns well ns additionnl
calling and massaging fi smres tlmt the I,k,('s cannot offer.

Tlus is their competitive advantage.
(.'ompetition:

Many mimpanies are currently u) uig to provide VoiP ser-

vices tn residential customers over iuvJ&-speed or bniadband
backbones such as DSI. and cable modems. over In&eruct

connections via a computer. The lugh-speed services require
expensive infrastructure enhancements to the local telephone

lo compmues* flacilities and cable plmius. as ivefl as expensive
modems at the customer's end. These services are also difli-
cult to deploy and too complicated for the average user Inter-
net broscxf VoIP services suffer from Inu:met delays cmisad by
a lack nf true Quality ofService fQOS) capabilities across the
Internet Fxisting Vi&IP services also rcquirc access tn a com-

puter and a techmcal kuowlcxfge to be able to make it work.
Becmise of these problmns, VoIP services are primarily tar-

getcxf at t1m corporate m nrket place tvherc private IP networks
that can carry VoIP services with a tule guaranteed QOS exist,

ln orcanbe controlled.
The only available alternatives for the residential user for

high speed services are DSL mid cable modems. DSL and
(labia based conununications reach only a small scg/neat of
the population. and yowth has if&led to hve up to mitlal

-"'xpectations. The recent collapse of the internet boom has led
to the failure ol'mnny DSI, service provlders and hams elTec-

uvely el&mutated DSL as a pntentud service for most POI'S
users for thc immediate future

"(1 SIJMMARY OF THI', INVENTION

The RC6 combines the capabilities and feamres nf IP
muters. C lass 5 circuit switche~ and isirclcss I ANs m a small
smlnd-alone external modem like device. Addiuonal capabili-

"» ties for a hands-free speakerphone device with a large touch
display are also detailed The RC'CJ can mnploy a lar c. display
with sufficient resolution to provide a functional user inter-
fnce to access a 1 I of die advance»I featurc» offi:rcd by the RC'CJ,

but also to be able to prnvide video telephone se&» iccs
sn The device is placed ln a residence and connected to the

pflnlarv POI S Itni cillulng from tlm I,H IJp to three atm&-

dard telephones or FAX maclunes for any combuiatlon) are
typically connected into the R(XJ. It also has a Universal
Serial Bus

(USE )

and& or a 10-100 Ftlmrnet interlace for con-
nection to a computer or a Local Area Netsvork fLAN). In
addition. it has an S02.lib/g wireless interface for ivireless
home networkuig as wellas broadband-to-the-home services.

I'he system is installed ln a customer's home by simply
plugging it into the existing incoming telephone line that

u provides POTS services from the LEC. One or more standard
telephones are then plugged into its tluee line-output jacks.
Tins is the simplest and most bamc usage. In this unplmnen-
tatlon. the user only is interested ln gauiuig additional tele-
phone lines into tlm household No computer connectiim is

1 required in order to use the system. However. ifdata commu-
nications are desired, then there are threw add it in no I interfaces
for computer cmmectivity Typically either an Fthcnict port,
IJSB port or firewire fIEEI&1394) port is used to connect to a
PC or LAN The 802.11b/g interface is fiir wireless commu-

s&1 nicati&ms between thc RC'(1 mid PC's. Cihcr RC'C s rm well as

any other types of compatible wireless devices. A version of
the R('(I includes a spmikerplxine anil video canwra ro pro-
v&d&xf for video telephone services.
Services Provided by the RC6:

I'hc following discussion rcfi:rs to I'16 1. The RC:(i lras a

main system processnr that is responsible for afl hnuse keep-
ing and traffic muting tasks. The Main ('I'l 19 routes data to
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other dev&ces w&tlun the home, or over the internet thnu&P
the R('(i.)

Automated, remote upgradability and conhgumtion (Re-
qu&res the customer to do nothin .)

Transparent user operation (Llser doesn't have to know
that any neu teclmology is being employed)

100% compatible with existing public telephone system.
Video Tckplulnc capabihtics.
No local or long d&stance usage charges.
No internet access fees.
I&&war monthly conummication costs
Multiple telephone calls at the same tune.
Voice mcssaging, fillloiv nw. fi:dtures. cali forwarding,

u&tomnuc cull back. conferencing, custom call muting. Honw.

networking capabilitie~, all ('I.ASS calling features, high
speed broadbm&d networking, con&inuous 24/7 int& mc& ac&was

and many others.
All of these features are available even ivhile connected to

&1m Internet
Very low cost of entry into the market, espec&ally as com-

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

fiute users.

dt(

u

:(

so

BRIEI'ESCRII'TION OF I'HE DRAWINOS

I'IO. I shows the RCC& fiu&ct&onal block diagrwn with the
preferred embodiment of an 002.11 wireless connection.

w&d I'rom the Fthenwt Port 11, I JSB Port 12, Modenv'DAA
41. DSP Fnguw. 33. 502 I lb/g Module 36 wid the Display
nnd ICcypad 10

The RCCi provides a total tclcuwnnu&nications commun&-
cations services package filr residm&tinl and small business
cust&unew With the RC'Ci, a C'I,FC: can olfcr itv customers
dinltonc for up to throu separam tclephonc numbers pcr resi-
dence (tlm limit ol'hree telephone numbers is an arbitrary
number brwvwd upon typical residential u ange and is not n limit
in&posexI by thc system). Sll local mid long distance scrviccs,

&o
24/7 always-on Internet access, a host of custom nwssaging
'ind cdll lug fcaluic&, ds u oil as Bioadba&xl access a&ul lil'el inc
service All of these services can bc offcrcd overs customer* s

existmg POTS hnc. w&d it doesn*t require w&y network infrd-
strt&cture build out like DSI, m&d ( able services Becm&sc
there is no expensive network equipmcn& required. &I can bc
rendily deployed throughout tlm country to expand the
C'I,F('s custonier bnse quickly

The R( (I is designed to m&hence., not rcplacc. &hc existing
telephone line, enabling &t to provide new combined pack-
ctized voice and data services. Meanwhile, all existing tele- zo

comnuu&ications infrastrticture and equ&pment v,ill continue
to work seamlessly with the RC( 2 As&de from simply install-
ing the low cost Ri Ci device in tlm home telephone u:iring. Oo

other equ&pment needs to be purclrdsed by e&ther the home
o&vner or telephone companies. This eliminates the tremen- "-'ously

expensive u&lrastruc&urc cosm lor communications
compan&es that are tryu&g to provide vo&ce services using DSL
or cable moden&s

The RC'Ci VIP I lorna Oatcnvay Features:

Up to tluee telephone 1&nes &.e. muubers, over a single ""

POTS linc and'or wireless connection.
Lthernet. USB and II &EII 1394 computer u&terfaces.
Full (il, C12 m&d O3 FAX support.
Full support lor ull C'I,ASS scrviccs
Broadband networku&g for home computers and appl&- ""

w&ces as well ns wide area networking using n combination of
a plurality POTS lines connected io n pluralitv ol'C(is
and/or a direct w&reless connection to a u ireless access point.
(These interfaces alklw sn&ar& devices to conuruul&cu&c to

FI(i. 2 show s the network topo logy for nntive R('(i to R( (i
colunuulic il &ious.

FICi. 3 shows the network topology for an RCCi to PSTN
call.

I'ICi. 4 shou s the RCCi top v&cu& with ass&minted functions.
PIC&. 5 shows the RCO rear v&e&v and assoc&ated connec-

tions.
FICi. 6 shoivs a tvplcill apphcauou with penpheml equ&p-

ment connections.
FICI. 7 sf&ms wi ad-hoc wireless I AN configuration with

ppp multtl&nk data d&strtbution and w&reless connect&vi&y

FICI. g shows an ad-hoc wireless I AN co&rtigumtion with

ppp multi link data distribution and w ire less connac»vi&y u it h

connection to a broadband neighborhood access point (Wi-Fi
hot spot)

FICi. 9 shows an Iul-hoc w &reless I.AN coniigurat&on with

ppp mu ltil ink data distribution nnd wireless connect ivity with
wireless data hopping u:ith POTS conncvtions through
numerous different Class 5 ofhces.

DL'TAILED DESCRIPTION OF THF INVLNI'ION

The preferred embod&ment &s detailed here&n usu&g the

ub&quito us 502.11 u ireless pmtocol. It is by no means insinu-
ated that this is the only wireless schcmc that can bc us& d by
tlus dev&ce; rather, &t &s intended that any w&reless transm&s-

sion scheme can be used for &vireless conununications
between this dw&ce and otlmr iv&reless devices as vartous
appl&canons may d&ctate.

System lnitializn&ion

Refer to FICIS. l. 2 and 3 for the h&llowu&g discussion.
When the RCCi is first plugged into an AC power outlet the
Main C'PI1 19, performs a Power on SelfTest (POST) mutine.
Once the POST completes and the RCCi &s connected to an
active F()TS line, connected to the LH.'. by means of the
Incomin POTS Port 40„ tlw RC(i mitomatically initiates a
modem connection v&a the ModenVDAA 41. to a reg&stra&&on

service via a toll free 000 telephone number. The rcgistmtion
sar~ice coiuiects directly to the service provider's snles or
customer service otfices via a Voll'onnection. An operator
or nn automated service ansi&era the cali and &uts up a neu
account for the customer. Once the account is set up, the
service provider's neuvork mitomatically sm&ds control infor-
n&ation to the device to store tlw required routing and fi.atnrc/
service information in &ts non-volatile memory of its Ma&n

(PPU 19 As part of this infortnation. a local dialup telephone
number &s sent to the device that &t w&11 use for local network
access in the same fasluon as a standard ISI'onnection is
made lrom a home computer The URI, ol'the Sol'tsuiich/SIP
Proxy Server and Registrar 51 that will be controlhn this
particular device is also su&red at this time. During the serv&ce

activation mul configuration process. the customer serv&ce

opemtor c&m send test requests to the device, as v;ell as call
into it on another telephone number (assuming &m additional
telephone number is part of the users class of servtce) or the
apeakerphone to verify that it is conti gurcxI and &vorking prop-
erly Thc final step of Ihc configwdtion and initialinition
prticess &s to reg&sler the device w&th &he appmprtate Solt-
switch/SIP Proxy Server and Registrar 51 so that the Soft-
switch!SIP Proxv Server and Registrar 51 knows that it is the

controlling SIP I'roxy for tlus RCC&. Also configured at this
time is tlm username/passv ord verification server (this is a
standard network device and &s not shown) that &s used to
allow the RCvdi's modem to make a connection onto the
service provider's nenvork Once the RC:Ci configuration is

completed. it d&sconnects the call by hang&ng up the Modenv
DAA 41, then dials the nev; local network access munber tint
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5
had been sent during the configuration process arid estab-
lishes a constant local netu ork connection. 'flus connection is
mmntained continuously on a 24/7 basis. and &s inunediately
reestablislwd whenever it dmps Should thc RC(i bccomc
unable to reestablish this connection ufter several trtes, it will s

switcli over to failsafe mode and inform the user via the
Display and Keypad 10. The RCG util try to reesu&blish the
connecnon every fev; minutes until &t finally succeeds.

By default, tlhe firs& teleplmnc port. POTS I Port 30, is

ass&pied as the termination port for the ex&sung POTS service 1&i

that is connected to incoming POTS I'ort 40. This is the
existing telephone service that the user alreadv has ms his
primary telephone service from his LFC. POTS 1 Port 30,

typically luis connected to it a standard telephone sct that docs
not require uny power (other than lhnl derived over the POTS
interface) to operate properly. I'OTS I Port 30 is the Lifeline
telephone port for tlic user In thc case that all power is lost to
the RCG. POTS I Port 30 u dl fail to a direct et&enaction to the
Incoming POI'S Vort 40 telephone line that comes into the
ROC& from tire I,F( lo provide unintcrtuptcd tclopbmic scr- o

vices to the user. In this state. however, none of the enhanced
Moll'ervices of the R('(r are available to the user since the
user simply has a stand POTS telephone service to the LEC.

Tw&1 additional and unique telephone numbers can be
assigned to thc other two telephone ports, P()TS 2 Port 29 and "

POTS 3 Port 28, by the service provider at any tune. These
numbers are drawn from a pool of available telephone num-
bers assigned to the service provider. POTS 2 Peri 29 and
POTS 3 Port 28 must to lmve standard telephone numbers
assigned ui tlwm so that tlhe PSTN is able to r&n&tc call~ I'rom so

&ls network lo these ports. I or calls origutalui from IP based
telephones, these munbers are not necessartly needed since
POTS I Pins 30. POTS 2 Port 29 mid POTS 3 Port 28 arc
uniquely identifiable to IP networks via their IP addresses
assigned thmugh the Dynamic Host ('onfiguration Protocol "»

(DIICP) at tfu: tinic thai lhc R('(i cslabbshes a co&i&i«et&or& fo

0&e service provider's network. Since POTS 2 Port 29 and
PQI'S 3 Port 28 must Imve a telephone number assigned to
them. it is a metier of'ouvmiiencc to usc thc assigned ielc-
phone numbers as part of their SIP address for I V routing of ao

their ourn In this way, all three user PO'TS ports. POTS I Port
30. POTS 2 Port 29 and POTS 3 Port 28 are all addressed the
salile iiiaiior.

At this poim, 1lw user is able ro take advantage of all of the
RC(i's features that have been activated according to his as

service agreement. The user cmi at any time connect addi-
tional telephones. a computer or a computer netu ork to the
RC(i. 'I'he user v;ill only be able ni use those telephone ports
(POTS I Port 30, POTS 2 Port 29 or POTS 3 Port 28) liat hav e

been activated, and ass&pied unique telephone numbers by o

the service pi&ivider. Any type of standard telephone can be
connected to tlie tftiee POTS ports. POTS I Port 30, POTS 2

Port 29 and POTS 3 Port 28. In the event that u cordless
telephone or a telephone that dcri&ms its power from anA('utlet

is coiiiiect&f lo POTS I Port 30. &he hfbline f'unction- s

ality of tlfis port will be inefTective since the telephone itself
will not opcralc once po&ver is lost

The speaker phone I'esture of the RC(i, comprtsed of
Speakerphone Drivers 22, Microphone 24. Speaker 25 and
DSP Fngine 33, can bc uscxf on any of th&'ctivatnl telcpli&ille 60

numbers and is by default enabled to opemte on I'OTS I I'ort
30 Once either of the other two telephone ports. POTS 2 Purt
29 or POTS 3 Port 28, is activated, the speakerphone huiction
is activated for those lines as well. To use the speakerphone
for any assigned telephone number, the user simply prcsscs (
either the Line Select Button 79-81 for Line I, Luie2 or Line
3 on the face of the RCG. and tlie speakerphone fi&nction is

activated on tlhat linc. This is convenient tiir answering any
call directly at the RC(i. 11&e RCC& may or may not huve a

number keypad for originating calls. This feamre may be
added or removed based upon the target mmkct price points.

The deternnnatxm as to uluch biter L'xchange Carrter
(IX(.') the R('(I will route its data through is determined by
any of a number ol'nteria including, but not limited to,
whether the RCG is a private 1 nb el ed product, or v hich carrier
bas lhc lou est cost rout uig. or if'a specific carrier is specified
by the m&stomer, or and number of other considerations. The
RC(i can be progranuned to change its routing path to any
IX('t miy lime by the service pmvider Complicated routing
algorithms can be progranmted &nto the RCG to control wluch
IX( it will use at any time
Faifwife Mode

During miy time &liat the RC(i is in faifsafe mode i.e.
I,ifeline failsaf&. logic 39 is activated. thc R('(I will only be
able to receive or initiate telephone calls vra the teleplume
connected to its primary telephone port, POTS I Vort 30 or
through its spcakcrphonc feature lu tfiis condition. all acti-
vated telepluine numbers are ported via the PSTN to the
primary (first) telephone number for delivery to the user's
telephone fiat &s connected to POTS I Port 30. Wlule ut
fa&lsafe mode. the nuidem is not activated. and the RCG
appears to Cie focal ( lass 5 oNce as a standard telephone. and
the PSTN will route all uiconun calls to the RC(i as &t

normally vvould to any standard telephone.
C'all Flow I:

Dialed call ongumtion from a telephone connected to an
R('(i POTS port and tcmiinating at another usmr's R(fi
POTS port:

When u user picks up a telephone connected to uny of the
three POTS port~. POTS I Port 30, POTS 2 Port 29 and POTS
3 Port 28, an ofi hook condition is detected by the SLIC/
(X)DF(J Interface 27 that is connected to the DSP Engine 33

byway of the DSP Audio Inierlace 31 Thc DSP Engiiw. 33

responds by senduig digitally generated die itone to the appro-
priate POTS interface over the DSP Audio Interface 31.
(Note all BORSCIIT lelcph&my I'unclions are perf&irmed by
the DSV L'ngine 33 and the SLIC&CODEC Interface 27.)
IJpon hearing the dialtone, thc user enters tlhe desired tele-
phone number on his telephone keypad. The Dual Tone
Multi-I'requmicy (lylME) digits that the user dials are
decoded within the DSP Fngiiw. 33 Tlhe dialed digits are
transferred to the Main CPU 19 vm the CPU'DSP Conuuu-
nications Path 34. The Main (.'I'II 19 polls the 1)SP I',ngine 33

appmxunately every tuo nulhseconds loolong for data. The
Main Cl'U 19 polling rate varies according to the process that
is being performed The CPI J/DSP ('onmiunications path 34
also can enerate an interrtipt to force data trtsnsfer betv, een &t

and the Main ('I'U 19.
Tire Mnut CPU 19 generates a SIP Invite IP packet using

the dialed di its as the called destination address und the URL
of its local controlling SIP Proxy Server which was pro-
grammed uito the RCC& during the confi ural &on process. The
Main ('PI I 19 passes tlfis Sll'acket ofT to tlie Meden&/f)AA
41 liir transmission over lhc nets&ark. Thc RCYi Modem/
DAA 41 is connected to uid conumini wring u ilh a modem ut
a modem bmik focatsxf in the Inter Iixchange ('arricr's (IX('s)
facility This facifioy mav actimlly bc located in &hc I.F("s
physical plant or it may be physically located at another
location

Referring to I'IG. 2, User A RCG 44 &s connected via its
modem to the LFX*s local Class 5 OfTice A 47. In this
example. thc service provider's connections to tfw. IX(" A

Modem Bank 8: Router 48 are thmugh IXC A Inter-ONce
'I runks 46. The service provider may or may not be the IXC.
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If the service provider does not have its own ncnvork, then it
w&ll purchase capac&ty from an IXC und route &ts trafhc to tlmt
IXC's facilities. The SII'nvite IV Packet that is sent from
User A RC(i 44 transits thc I,EC's C:lass 5 Oflice A 47
facilities and &s routed to the IXC A Modem Bank/l(outer 48 s

via the IX(' later-Office Trunks 46. It is the job of the router
lo lake the IP packet md route it onto &ts intended destination.
&n this case the appropriate SIP proxy server 51. The muter
uses thc IJRI, fi&r the Sol'tswrtch/SIP Proxy Server and Reg-
istrar 51 contained in the SIP invite to lo&ow whereto route the u&

packet. /Note: The Softswitch, SIP Proxy Server and Regis-
trar arc logical devices lhnl may reside in a sin le cmnpuler
system, or may be implemented as completely separate
devices In this example, the Sofiswitch, Sfp Proxy Server
and Registrar are all sho»n as a su&gle phys&cal device run-
n&ng these three separate processes.1 The IX(.' Modem
Bank/Router 48 sends tlm SIP Invite IP packet on to Soft-
swi&clflSIP Proxy Server and Rcgistrtir 51 via an IP bused
network route 52.

The SIP Proxy Server process running on Solbswilch/SIP o

Proxy Server and Registrar 51 performs a look up to deter-
mine the termination destination for the call using the dialed
d»ts passed along u& the SIP Inv&te IP packet. In tins
example, the tertninating device for User B RCG 56 is via
IX( B's Modem Bank/Router 49 then through Class 5 Oflice "

B 50 m&d over User B POTS lu&e 55 and finally to User B RCG
56. Not covered in detail here is the SIP message handling
since rt is completely covered &n IETF RFC'2543. This
exmnple shows that both the ortynating and term&nat&ng ends
ol'ibis cnll are controflcd by tlm sm&m Softs»itclv'SIV Proxy so

Server and Reyslrar 51 device. Where the oriynatuig and
tenninaung ends of a call are controlled by diTferent Soft-
s» iteb/SIP Proxy Server m&d Registrar devices. an additional
level of SIP messagutg is used bet~eau the t&vo SIP Pmxy
Server processes of each of thc Softs» itch/SIP Proxy Server "»

and Registrar dcviccs to locale m&d control thc lcnnmaung
locat&on of the call. Aga&n. that &nfonuation &s covered in
Il'll'F RFC'2543 m&d is repeated herc.

Aflcr tlm cull rout&ng is seiup usuig SIP, and (Jeer B
answers the call, the Soflswitch/SII''roxy Server and Reg- so

istrar 51 device sends IP address ol'he originnting Iiser A

RC(i 44 to the User B RCsGr 56 and the IP address of User B
R('(i 56 to User A R('(i 44. Once both R('(i*s have the
other*s IP address, they then conununicate directly to each
other us&ng Real I'une Protocol (RTP), and the Softsw&tclfl s.

SIP Vroxy Server and Registrar 51 device is no longer part of
the connect&on Tins direct conunun&cat&on is sho~n as IP
based Kl'V Stream 57 between IXC A Modem Bank/Router
48 and IX( B Modem Bank,'Router 49.

On the rece&ving end of the call, referrtng back to I'IG. 2, o

User B RC(J 36 rece&ves the Sll'nvite data stream tlu ough its
Modem/DAA 41 and pnssms it on lo the Main CPI.J 19 Thc
Main CPU 19 reassembles the SIP IP packet and u&terrogates
the header inli&rmation to detcnnine which POTS port, POTS
1 Port 30, POTS 2 Port 29 utd POTS 3 Port 28 the call &s

destined for based upon the dialed number contained in the
SIP In~ite me~sage The Main C'PU 19 commands thc DSP
I.ng&ne 33 to control the SI,IC'JCODIJC Interface 27 to npply
rinving voltage to the selected V(yi S port to ring the phone. A
corresponding SIP 180 Cringing) message is svnt back to (Jeer co

A RCCi 44 in the reverse direction. When the phone attached
to the selected VO'I S port is anssv ared, the off hook condition
detected by the SLIC/CODEC Inte&face 27 &s sent tlu ough the
DSV Engine 33 to the Main CVL& 19 that sends the Sll'UU
OKmessagebacktoliscrAR(.'(i44toictthcRC'C)kno» liat r
the call » as answered by User B RCG 56 and to turn off the
audible riny'ng tone for User B. Once the call is established,

LJser A RC(i 44 sends and ACK F12 SIP message to I Jscr B
R(.'Ci 56 indicating that User A R( Ci 44 understands that the
call setup has been completed.

The t» o RC(is now exclumge SIP messages thol include
the type ol'voice m&coding that w&ll bc uscsi such as Ci 729,
G 723.1. ( i 711 etc to confiyire their Kll'treams so that tl&ey

can rel&ably transfer the user &nlonnation bet».een them Al
this point the call Cvo& ce data) is sent bet» een both RC'Cis and
a no m&el teleplxmc conversation takes place between tlm user
A and user B.

Call teardov;n is accomplished by either user hangu&g up
their telephoim The RCCi of the terminutin cnd Cthe end &bat

hangs up the phone first) detects the on-hook condition and
sends a Sll'ye message to the other end. The other end upon
receivin theSIPByemessa erespondswithanOK200SIP
message and disables thc appropriate POTS port that the user
was using

I'he Speakerplu&ne interface can be used for either end of a

telephone conversation in exactly the smne way as descrtbed
above cxcs7&t that thc corresponding POTS port that ihe call
was intendixi for is disabled if the call is ans» cred via the
speakerphone.
('all Flow 2:

C'alla between m& RCCJ device and a PSTN telephone:
Refer to I'IG. 3 for the follow&n d&scuss&on.

In the previous call example. the PS1 N network had noth-
ing to do su&ca the call was over a prevn&usly established
modem connecuon between nvo RCC)s. In the cases where a
call originates or tcnnina&cs to a s»u&dard telephone serviced
by a Class 5 oflice, the process is a b&t more compl&m&ted.

When a coll orig&nates from a user v&a an RCCJ, such as
IJscr A RC'Ci 44. the call handlmg prnctisvs are exactly lhc
s m&e up to the pour that the SIP Proxy Server process u& the
Softswitch, SIP Proxy Server and Registmr 51 performs a

lookup to determine how lo route tfie call ln tlus misc, the SIP

Proxy Server process determ&nes that the call ternunates at a
standard PSTN mlcphone attaclmd to the ( lass 5 Oflicc B 50.
Since the cafl ortginutms as a native MoIP service, it inust bc
converted to a standard switched circuit based serv&ce to be
ablate be delivered to User B's tclephoim 61 I'he conversion
is performed by the IXC's Med&a Ciateway 60 device. In this
example. the SIP Proxy Server pro"ess routes the call via the
IXC' Media (Jato»ay 60 device instead of through thc IXC'

Modem Bank/Router 49 as befi&re. The SIV Proxy Server
process sends a SIV Invite to the IX('*s Media (Jateway 60
dev&ce, as &sell as other control information. to direct the
Med&a (Jateway 6U device to termirmte the call and to apply
the appropriale voice coinpression algortihn& lo lhe n&edia

stream to corn ert &t between sw &tched c&rcuit PCM format and
the selected MolP protocol. At the same time, the Softsw&tch
pmcess of the Softsw itch, SIP Proxy Server and Rc i airer 51

dev&ce sends conuuands to the Medio Ciateway 60 dev&ce to
cause it to route the cafl's PC'M data to a specific channel on
the IXC B Interoflice Trunk 54. The Softsw&tch pmcess then
genemtes an SS7 ISUV message that is sent over the VSTN
SS7 siymling nc&work to tlm Class 5 Oflicc B infiirming itol'he

u&conung call and on which c&rcu&t the call has been
placed. It is up to the VS1 N at this point to ring the LJser B

telephone 61 and process thc call bc&ween thc IXC:*s Media
(Jatesvay and the User B Telephone 61. 'Il&e Softswitch pro-
cess lmandles the siy&sling convemion bet»em& the PS'I'N's

SS7 nertvork and the IXC's SIP messag&n, as well as any
other proprietary s&ymling schemes utilized by the IXC to
control its network. Tlm stnndard SS7 call control mcssngcs,
such as ring&ng, busy, ring back etc., all have a comparable
SIP call flow control messages. The Softss& itch simply maps
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the SS7 messages into SIP nmssages mid visa-imrsn while
routing the messa es to the appmpriate network equipment.

As in the case of a "« 11 be«veen two RC Cia. the RTP media
stream (tlm actual call data) is muted directly be the IXC'

Modem Bunk/Router 48 and the IXC's Media Ciateway 60 via
an lp based Rfp Stream 57.

Again. call teardow n is accomphshed by either user hang-
ing up their telephone. Depending wluch end hangs up the
phone tirst, thc assocuitcdt network will generate tfm appro-
priate messages wlurh v,ill eveatually make it bark to the
Softswitch process. The Softswitch process ivill relay the
appropuatc call control messages bet« een the PSTN and the
IXC's SIP based control system

A mlcphone call originating from a PSTN telephone is

contigurest and setup us the smne fiishion as the above descrip-
tion except that tlie orivinating messaging begins w itlun the
PS1N nctivork insmad of tlm IX("s news ork
Personal Computer based comimuiications:

Where the R('G is connected to a Personal ('omp uter (P(. )
through citlmr its USB Port 11 or F thernct Port 12. Ihc RC:(i

operates exactly as a cable or DSL type modem device. The
R('(I is simply a pass through for the computer's data. The
RCG receives the IP packets (of whatever type) from the
computer and sends the infornmtion miclmnged to the
ModendDAA 41 interface for trnnsmission over thc Intcmet
Received infimnation from the Internet is processed in the
reverse ivay.
Dyn uuic Bmufividth Alk&cation.

When a modeni connection is estabhshed between the
RC'Ci and the *'Network*', tho total avai table bnndw idth of this
connecuon is used in a shared/prmntized fashion. Voice ser-

vices (calls) take precedence over data services. '11&erefore,

when no calls are ui progress el I of tlwavai lab le band« idth is
used by data type services such as surfing the Internet or
«pleading&dew«loading file. However, w:hcn a call is to be
passed through the RCCI. thc require«I bandwidth I'or the call
is deallocated lmm the dam services and pnontized lor tire
telephone call This accessary bccausc die Quality OfService
(QOS) is important for cflective comnuuucat«ms over elem-

tronic nenvorks. Since the voice data is carried over a 'data
centric'* network topology (nn IP based network), cnll quality
can suffer greatly. i«cry etfort must be taken to eliminate or
reduce the packet delay thn&uP» every network elmnent to be
able to provide the best call quality For data applicntions such
as surfing the Internet or do««loading files packet delay is
acceptable and expected. and it does not atfect the "quality'*

of the data.
Since all voice and data is transmitted as pact ets. there are

no "iime slots" or other type of "eh«tinct&zatiou*'mssociated
wi fli the tnsnsmi as i on of tlu s data over either the POTS Ime or
the wireless interface. ('Imnnelization of the voice data does
occur witlun the SI IC/Codcc Interface 27 but is co«i ertcd
into IP packets by the DSP engine 33 and is Imndled as
packets from that point im.

Regardless ot'whether ihe cull is ouginating or termuiating
at the RC(i, the bandwidth allocation process is the same.
When tlm SIP call setup mes sages nre processed, the typeel'oice

compressioo that ivdl be used is defined. The RC(i
Main (1&II 19 handles thc IP packet flow between thc l&SP

Fngine 33, USB Port 12, F themet Port 11. 802 I I b/g Module
36 and the Modenv'DAA 41 devices giving priority to the
voice packets to and f«&m the I)SP I',ng inc 33 and tlm Meden»
DAA 41 interfaces. Voice compression algonthms create IP
packets at a specified number of packets per second. These
packets arc luindlcd by a tinmd process in thc RCCi. This
process is started during cull setup so that the packets are
handled at the correct rate based upon the compression algo-

s

i(1

st I

(i

Si&

rithm's packet generation rate. There is no priority assigned
be«veen the voice packets ofeach of the three different POTS
I'orts 28-30. When more tlmn one voice call is in pmgress,
tlmy arc handled in a round robin fnshion based upon thc
packet rate ti&r the compression algontlun used. If. for
example. two calls are using a compression scheme that gen-
erates packets every 2 milliseconds. and the tlurd a«crates
packets every 4 milliseconds. then the calls utihzuig the faster
packet rate w&il bc polled at twice the rate as the call using a

slower packet mte but they are not given pnonty "over" the
other c«11. Only when there are no voice packets ready for
trmismission to the Modem!DAA 41, i.c during the approxi-
mately 2 to 4 md li second packetization pened bet« een pack-
ets, wilt miy pending data packets received front the IIS B Port
12. I:thernet Port 11 or the 802.11b/g Module 36 be sent u& the
Mode«&/I&AA 41 for transmission over the network.

Thus, thc POTS bandwidth is allocated on a pcr packet
basis. not on a '*time slot*'r "channelization" or even a
'frequency" basis as it the case with 1-('arrier, DSL or chan-
nelized DSI, systems. Thc same is true fi&r thi: wireless inter-
face, whether it is carrying pure data or voice.

Security is currently a big conc en& in today* a networks, and

especially with ~ireless 802.11 transmissions. I'or tlus rea-
son, the RCCi defaults to route voice data over the users POTS
cotmcctioli via Incoming POTS Port 40. As security concerns
re ardin wueless conunurucations tnansmissions are
addressed and alleviated, voice call ch&ta can, and v;ill. be
muted over the ivireless interface via the 802 lib/g Module
36.
FAX Trnnsmission:

Ciroup I, 2 and 3 fax transmission is completely supported
by the RCG. I&ax transnussion has the same pnority as other
voice communications Tluit is to say tlmt FAX transmission
is treated the same as a voice call and takes precedence over
native IY data tmffic
Broadbmxl Over POTS

One of the pnmary functioas of the RCCI is to be able to
trmisfer targe files such as video tiles over tlm POTS lines to
a residence The ability to do this is limited by tlm maxiinuin
of 56 Kbps due to the design of the digital Class 5 otfice
linecards and network tnmsmissiim schemes bnsed upon 'f

camera. Typical Class 5 linecard design samples the POTS
lines at a mte of 8,000 samples per second I'ypically, each
snmple is digitize«I into 12 to 16 bits by a codcc device. The
digitized sample is then

corn

panded to an 8 bit mmple ( I byte)
which makes up the PC'M data stream that is transferred over
the PSTN. Therefore. each POTS line is sampled at an effec-
tive mte of 64 Kbps. Since legacy Tl transmission equipment
llses n&bbed-bit signaling, tlm maxinnan guanmtecst trmis-
mission rate for the PSTN as a whole is 56 Kbps. Because of
tlus funitation. standard I'OTS lines can only guarantee a

max«num of 56 Kbps transt'cr uitc under thc best ci»ulitions.
DSL equipment gets around tlus problem by installing DSL
Access Multiplcxing (DSI AM) equipmcnt at the C'lass 5

oflice end of the POTS lute By routing around the 1inecard. as
well as routing the data directly over the Inteniet or other
private IP bimsed iwtworks. and tlmrcl'orc the C&4 Kbps sam-

pluig rate, DSI, is not bmidhvidth limited tike PSTN traflic is.
DSI „however, suffers fmm the very high costs associated
withtllLpui'Cll«SL,&&1st'ill«tin&1,iamllltellallce. BL&L&rlcasetx&sis,

etc. DSL also sutfers from very higtt deployment costs result-
ing front the labor intensive process to turn up each line I'tach

DSL "POTS" lme «wist be inspected. conditioned and all load
coils removed.

I'hc RCCi gets around the 5(i Kbps POTS limitntion tms well
as the DSL pmblems by using the standard POTS lines as they
are, and not requirinvg any additional Lxtuipment to be installed
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at the ('lass 5 end of the POTS line This technique ~ impfifics
deployment mid dmstically cuts costs.
Multilink I'VV (.'Onnections:

Rcfcrring to FI(i. 7, the R(.(i implmncnts broadband over
POTS by employing an 802.11b/g wireless interface to con- s

figure a nuiltilink I'Vl'undle 87 (per RF('990) com-
prised of the POTS lines coruiected to up to 32 RC Cis. The
limitation of 32 RCCis ui a multilink PPP bundle is Bn arbi-
trary number mid r ui be scaled up or dohhn as rcquirhhl to

support changes in network equipment rapabllities. An ui

802.11b/g interface 87 is shown as the preferred embodl-
nicn( since its 11/54 Mbps interlhce is considered sufilcicnt
bandwidth at tlus lime also. Its transnussion distances are
sufiicient for implementation of this device. as opposed to
other shorter ranged wireless Iransmissuin schemes llow-
ever as time goes on, some other wireless interface may be
more desirable. Tlmre is mithing special or specific to thc
802.11 wireless interface that makes II patttcularly suited to
this application Any hhireless interface scheme can be used to
inlplmimnt this device "(I

The 802.11b/g interface 88 on an individual RCCi ls also
used to provide a peer-to-peer wireless home networking
envimnment to other S02 11 compatible wireless component
within the residence (such as a hand-held computer device)
while acting as mi always on dialup Intenict gatehvay over the "

POTS line 40 for the other v ireless devices. An RCCi that is
transferring a very large file can request the services of 31 (in
this embodiment) other RC:Cis to assist ln ihe filc transfer
using their respective POTS luies. A sin le RCG can there-
I'orc gain tfm combined bandwidth of up to 32 POTS lines so

Iransfi:rrni dale at as much as 56 Kbps each to transfer
illfolillaltloll. Tilts Is nhuptly cqlllvaiclit to B trallsfcr late of
I 79 Mpbs ui thc inbound dircctimi (tov Brds tile RC:Ci) and
approximately 1.075 Mbps ui the outbound direction (to-
wards tlm VSTN)

The multilink PPP connccfion~7 is initiated by an RC'Ci

when it detemunes that the file (or stre uuuig service) that it is
to download (rcciive) is of sufficient size or requires a mini-
imun umount of bandhvidth Io )ustify the use of' multiliidi
PPI'onnection. 'Iliis detemunation can be made on mmiy sn

different criteria such as the file size. type of data being
transmitted, the type of compression if any, a Quality-of-
Service rhx)uirement or any other pertinent infhlmiation.

(Since a certain amount of ovcrlmnd is required to sct up a

Multilink PPP connection, it doesn't make sense to use it for ss
small or low data rate transfers )
Mululink PPP )3andwtdth Allocation and Intttahimttolu

Referring to Fl(i. 7. Bn RCG 85 thar decides to initiate B

multilink PPP session with a remote computer i.i internet
URL, requests a multi)ink PPP session with that URL o

resource via Link Control Protocol (LCI') session mmiage-
ment The initmtuig RC6~5 and the remote server com-
puter (not shown) vill ne ouate the pertinent nniluhnk
parameters such as compression. packet size, sync/async, link
quahty monitoung. bit stuliing etc As perl of a successiiil s

multilink VVP session setup. the initiating R(XI 85 receives
a nnilti link PPP session ID, or 'magic manber". hi hick is used
to identify this particular mululuik PPP session and is also
used for adding or rmnoving links from the multilink
bundle 87 Once the multilink bundleis setup. the initmting 01

R('Cl 85 begins data transfer across its POTS interface-90
with the far end computer system The initiating R('6 85
then looks up the addresses of up to 31 (ui tins embodiment)
other RCGs in its muter tables to use for the multilink VPP

transfi:r. (If a Neighborhood Access Point is available the I
RCCi could request service through it instead of setting up a

Multilink VPV coonection see FICh. 8.) The initiating

RCGI~85 determines the nuniber of remote R('(is 86 that
it wants to use to get the desired bandhhidth for the transfer
and sends nniltilink PVP service requests via the 802.11b/g
wireless cooncctions 88 to the selected rmnote RCCis~6.
The selectedremote RC6s 86 respond back to the uiitiatlng
R('6 with either an acceptance or denial of nudtilink VPV

service request. Tlus decision is made based upon the remote
RCG's currently available POI'S bandv,idth and the current
local demmxls for that bmidwidth. Tfie remote RCC)~6
makes a decision to paruclpate ui a multihnk PPP service for
an initiating RC6 if its VOTS lute 91 has a current average
bandv'idih utilization of less Ihan smne arbitrary limit such iis

8 Kbps to 16 Kbps. Tlus S Kbps to 16 Kbps bandu.idth
utlltzaltxill represents BboUI two chhflcUIYI:I'll hhhich: collvcrsa-
Ilons Uslllg stalldai'll htficc colrlplession IccllulqUcs, hll'ollle.
small amount of data transmission occutring on the rmnote
RC'Ci's POTS interface 91 or a combination thereof.
Assuming tliat the remote RCG 86 has a modem conoiwtlon
speed somewhere between 33 Kbps to 5(h Kbps, this would
lcahm approximntcly 17 Kbps to 40 Kbps of POTS bandhvidth
that the remote RCCi 86 could offer to the initiating RC6
85 foruse in its multi)ink PPI'bundle 87 Ofcourse, ifthere
is no activity on the remote RCG 86 POTS lute. then the
entire bandwidth u ill be used for the nnlltl link transfer. If the
remote R( Ci 86 accepts the multilink PPP service request
from the uutiatiiig RCCI 85 lt also sends its currently avail-
able bandhvidth on its POTS line 91 that the initiating
RCCI~5 uill have av nlable to 11 for the multiluik PPP
trmisfers. The iiutlating RC6 then selects winch of the
responding rmnote RCCis~6 it will usc for the multilink
PPP bundle 87 and sends them a multilink uiituihration
pucket contauunvg the URL of the destination as well as the
multilink PPP session ID (nuigic number) and miy other pcr-
unent intormation required for the remote RCG to join ui the
existing muhil ink PYP bundle 87 Fach rmnote R(Xi I'O'I S

intcrfiice 91 partimpating in a multiliuk PPP bundle, repre-
sents a logical "lulk" ln the uutiating RCCi's multilmk PPP
bund)c~7. I'lm remote R( US~6 then send a multilink
PPP packei (over their rcspectivc POTS lines 91) to thc
destination URL with the nuiltilink Vl'P session ID Bnd

request to be added to that nniltilink PPP bundle 87. Tlm
destination URL accepts the request of each of the remote
R('(is 86 and begins sending datn pockets to each over their
respective POTS lines 91. W)tcn Ilm remote RCGS~6
receive data packets sent over their respective POTS lines
91. tlmt are destinixI for the multilink VVV bundle 87, they
sunply relay the data packets over their 802.11b!g interface
88 to the initiating RCG 85. It is the responsibility of the
initiating RC6~5 lo periontl all housekeeping tasks asso-
ciated with the multiluik transfer such as detection of lost
packets and data packet reassembly. if those functions are
required. Typically, lost pncket detiwtion and retransmisslon
Bnd reassembly are performed at hi her OSI layers by the
requesting sofnvarc such as a brohvser. The remote R(.Cis

86 are sunply dnta transport nodes and do not peri'orm any
data pmces sing on datn received over a multil ink VVV bundle
destined for anotfmr RCCi

The uutuiting RCCI~5 of the multillnk PPP bundlie~87

conti mi ally monitors the bandwidth ofeach remote R( 6's
86 multi(ink link which togcthir comprise. its inuhibnk
bundle 87. When the available bandwidth for the nuiltilink
PPP link of nn individual remote RC(i 86 falls beliuv mi

arbitrary minimum set by the mitiatlng RCG 85, the initi-
ating RC16i 85 instructs the offending remote RCG, via its
802 I I b/g wireless interface 88. Io rcmohv. itself from the
multihnk bundle. Tile remote RCG 86 v,ill then nonfy the
remote computer (URL) to be removhxl as a hnk in the current
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multilink bundle on )vhich it is participating. Alternatively. a

remote RCG 86 can inform the initiating RCG 85 of local
demands on its POI'S bandwidth. and request that the initiat-
ing RC(1~5 remove it (the remote R((i~6) from thc
participation in the uutiating RC(i's mult&link bundle 87. 1

fheremoteR(.'(1 86)vill not unilaterallyranove itself from
participation in a mulnlink bundle without prior notiticat&on
to the hutiating RCCT 85. The remote RCCi 86 must get
authorixatim) from the initiating RCG~5 to ranovcitself'rom

the bundle, su)ce the iiut&atutg RCG 85 will have no u)

way of loiowuig if the loss of data from that remote RCG is
due to a&aim sor& of'fulure or from the rcmotc RCG simply
removing itself from participation ut the mult&l&nk bundle
87 Also, for services that require a minin)um Quality of
Service fQ(TS) such as streaming video. tlm initu&ting RC(i
85 needs to contml the multilink bundle 87 band)vidth, and
it cm) not do that if remote R(.(is~6 drop out of thc multi-
link bundle~ 7 at w ill. When a remote RCG~6 requests to
be removed fmm pa&ticipation in a nu&ltilink bundle 87, the
initiating R('(i 85 mnst immediately grm)t 1he request. If'o
the initiating RCCi 85 were to not grant the request, then the
remote R(.f(i 86 could. in worst case, delay or drop incom-
uig multilmk packets destined for the initiat&n RCG 85 lf
this )vere to happen, the initiating R('G 85 will have miss-
ing packets and could over nm its reassembly buffi:r (if reas- "

sembly is being performed by the RCG) causing catastropluc
data loss and potentially lave to restart the entire transmis-
sion In the least case, the initiating RCCi~5 would have to
initiate retransm&ss&on of potentially many packets wluch &t

assumes to bc lost, but may simply be delayed by thc rcnxuc )o

RCG~6. Once a remote RCCi~6 has been removed fmin

participating inn multilink bundle 87, the initiatuig RC(i
85 will then look up mu)ther ranote RCCi in its router tables
that can be used to participate ui the muftil&nk PPP bundle
87, and rapiest that tlm ncw remote R('(I 86 to join the "»

existing multihnk bundle~7 This is neccssiuy 0) rnmntain
a nuiunnim Quality of Service. Since RCGs pnontize their

bandwidth requirements basedupontheirown "local'service
requiremenm. theirparticipation inanymultilinkPPPservicc
is available only to bandwidth that is not required for its own So

current local den)ands. Therefore, a renmte R('(i's 86
bandwidth that is available for multilink services can change
at any time. The dynmnic reassignment of remote R(Xis that
pmticipa&e in a multi link bundle is also rcxiufrcd to prevent a

remote RCG 86 fmm receiving packets so slowly that the 4.

originating R(.:(i 85 interprets this delay as lost packets.
When the imt&at&ng RCG 85 deternunes that a packet has
been lost. Ond it is perfomung packet reassembly, it will.
&&self. request that the remote computer retrnnsm&t the lost
packet. The imuaung RCG will not askany remote RCG 86 o

to perform retransmiss&ons or any otlier kind of data compu-
tations or m unpulations

Refer to ITG. 8 for the follow in discussion. In areas where
there are existing 802 I I network cquipnwnt such as Neigh-
borhood Access Poutt 93, or&)here there is sufficient band- 1

width requirements from an ins tall cxf base of R(Xi s to warrant
tlm dcployma)t of a Neighborhood Access Point 93. thc
RC(is will mitomaucally detect the presence of'the a)mpat-
ible neivgborhood access points and register w ith that cquip-
luCI&1 fol tria)spof& sCIV)CCC. Ill this cease. m) R(Yi hiw an so

alternative broadband service mute in addition to the multi-
link option..h) R('(lean communicate directly with a local
802.11 Netv,ork Access Point 93 that &s connected to tlie
PSTN or another carrier's network via some sort of hivJ)
bm)dwidth backbone such as a T-('arrier or optical carrier (
connecnon fTI, T3, OC3. OC12 etc.). The RC(is can com-
municate directly with naive)borhood access points at their

full I I/54 Mbps data rates to pmvide up to that fullbandwiddi
to the user. Tlus huictionalih is, of course, subiect to the
Network Access Point 93 allowing access to &ts resources to
tlm RC(i according to tlm 802 I I w:irelcss protocol

This arclutecture is important suice it provides an avenue to
relieve the local class 5 offfces of congestion that cmi be
caused by a w ide spread deployment of R('(is )1

ithunn

the class
5 service area. Since each RCCi req&ures a constant 24/7
modmn connection, this ties up the clas) 5 )witch in a I'ashion

that it was not designed for Tlus could feed to w.holesale class
5 offfce expansions v. hich would be extremely expensive, and
potentially prohibitive li)r the I ocal Fxchm)ge Carriers
fLBCs), By deployuig ne& hborhood access pouits that oper-
ate at 54 Mbps f802.11a/g), in areas wlmrc tlm R('(r concen-
tration starts placni too high of a demand on the loail clnss
5 office, the bandwidth from the R('(is can be aggregated by
the &wig b ho rhood ncccas points into large capacity backbones
lo rehcve the switch con csuon. In this case, the RCG POTS
interface 40 can be usaf solely as a lifeline connection, or
when thc 802 11 wirclcss I,AN in v hich thc R('G resides is
congested. With tlus implementation, voice calls will be car-

ried over the wireless interface as opposed to the POTS inter-
face on wluch they would nornially be carried. Also. the RC(i
modem 41 connected to the I'OTS interface 40 would not
na:d to maintain a constant always on connection, it could be
a dialed on demmid connecnon and thereby rehevuig the local
class 5 offfce switch.
Bouncing or I loppuig Traffic

Refer to I'Ki. 9. In areas where the density of RCGS is less
than thc arbitrary number of 32 R( (is within its transmission
radius lor mult&link conncvt&ons, the RC(is aui bounce, or
relay. the &L)ta trafhc beh) een each other to reach other RCGs
k)cand farther thm) thc RC(is wireless tri&&1sllltss)oil al'ci&.

Suice the POTS data rate of 56 Kbps & s miiu acule as compmed
to thc 11/54 Mbps 802.11b/g transfer rate. the overhead asso-
ciated with bouncing data traffic is not a concern This will
allo&v for the lastest possible data transfer across POTS lines
fi)r cvcry RC(i user.

RC(is can also cmnniumcate dira:tlv with mi 802.11a
Neighborhood Access Point 93 device (such as that used in
Wl-Fl networks) that is amnected to a data network connca
non such as a DS3 or OC3 service via a Metro Access Point.
Where an R('Ci has access to a bmadband device sucli as an
802 I I a type device, either dir&cctly or via a bounced signal
across several RCC&s, a direct high speed data connection can
be used to tmnsfer large tiles. When an RCG is communicat-
ing direc1ly with at& 802. I I a device, data tm)nsfer speeds up to
the full 11/54 Mbps can be aclueved to speed video tmnsfers
fi)r such applications as video &m demand.
RCG Router Tables:

The RCG contuiually monitors its 802.11b/g wireless
interface for trmsmissions from other RCCis or 802.11a
Access Points as v ell as other 802.11b/g )vireless devices
within the residcncc Tlm R('G provides ii IT&ca)1s to identify
and store the addresses OI'ther R('Gs m)d Neighborhood
Access Po)&Tts )vithi&i 1&s local area. I I'Ic R( G cia)tcs rout&rig

uiblcg much like an IP router device. so that it knows which
RC(is are foa&1 to &iself u)d how many hops will be needed to
reach the maximum of 32 POTS lines or a Neighborhood
Access Point. Thc R('(i can tf)cn dc1cm)inc bow n) route its
data transfers to gain the most efhcient routing and network
efficicncics

The router tables &n each RC(i are connnually updated by
monitonng the 802.11 fiumes received from other R(TG&s or
Network Access Points. 1he number of entries in tlm router
tables can be limited to an arbitrary muuberofother RCGs but
contains room for at least 32 entries. For each RCG listed in
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the muter tables, cenain information is kept such as signal
strmlgth. if the otlmr device is nnother RCCi or sonw. other
802.11 compatible de~ice. if the other RCG ls reachable
directly, or if it is ticctust'0 via lulothm RC'Cis by lulpping In
tlm case there RC:Ci lxlpping is used, the address of mich RC(i
that ls hopped is storsxi in the routing table. When an RC(i is

first powered up, lt nionitors its 802.11 uiterface for a period
of time to id eat i I'y other RCC&s or Neighborhood Access Poult
dcvicea or other Wi-Fi dcviccs within its transmission area
When first deployed, the RCG will not have any entries m its
routulg tables. This condition can persist for some ume. untd
mxlther RCC) or other 802 11 device is deployed within the
former R(.'Cis tnsnsmission mage. In this state. the R('Ci can
be used for wireless netv;orking within the residence. con-

necting the local computer to the RCGs always on Internet
connection as well ns to other wireless devices within the
lxlme Wlmn an 802 11 I'ranm is recciv(xf by an R('Ci that
contains the address of an R(IG whose address does not exist
in the receiving RC'Cps router table (as is the case when a nev,

RCG is first installed). the r&ecciving RC'Ci polls the tr msmit-

ting R(Xi for its router table information. The received router
information is reviewed for other RCG's or other 802.11
compatible devices tint are not listed ul its own router tables.
A decision is made tn usc sonm, ail, or none of tlm new route
ulfornmtion in its router tables. There is no real lumtatlon on
the number of R('Cis that can be "hopped'n order to build a

colmplete router table or to reach many Inure RCCis. Neigh-
borhood Access Poults or Metro Access Points.
Fquipmcnt aud Services Priorities

.lust as voice hits priority over data trmlsfers within a single
RCCi, local RCC& trafhc /both voice and data) has prionty over
remote transfbr rcxlucsts by other RCGs. If an RC:(i is cur-
rently using all of its available POTS bandwidth for its oun
purposes, it will deny any remote R('(1's request for access to
its POTS line Only when lhcrc is available POTS bmxlwidth
available will an RCG allow other RCCis access to Its POTS
line. It will, however, bounce thc traflie to other RCC)s within
its transmission arcs il'requested by the orignraling RCG. In
this case, available wireless bandv;idth of any R('(I ftllat
amount of the II/54 Mbps mlt currently used for its oun
traffic) can be used to relay traffic between other RC Cia tlmt do
have available POI S bandkk idth. In the same fashion. excess
wirclcss bmldkvidth of any RC:(i can bc by other RCCis to
access high speed backbones vin Neighborhood or Metro
Access Points R('(rs can also access other 802.11 wireless
networks /WI-I'1 for example) that happen to be deployed
within their service areas. In this case. access ayeements
between the RCC& service provider and the uireless netuork
operator must be put into place. By remaining compauble
with the 802.11 standards. the R('Gs capabilities will benefit
by die gmuing Wi-Fl network infrastructure. m the WI-FI
network will benefit by the RCG network.
V&lice Over POTS and Dnta Over Wirclcss

Normally, all communications from an RCCi will be trans-
mitted over the local i'OTS line, or a nniltilink bundle made
up ol'mny rcnlotc RC'Cl POTS lines. Bv default, all voice
calls will be carried over the '*local" POTS line 40 to alle-
viate s emu rity/privacy conccms and only "(Lsta*'ill be trans-
mitlcd via multilmk bundles C)cncmliy. since voice'*data*'is
compressed locally by the RC( 1, the required bandwidth for a

voice call is so small thnt it docs not nuike for a good choice
to mute lt over a nnilti link connection. I ion ever, it is possible
to route voice calls entirely over another RCGS I'0 I'S line. It
is also possible for an RC'(i to trmlsmit voice data over POTS
lines colulected to other RCC&s vin multihnk bundles or
directly over its 802.11 wireless interface. and since the

802.11 specification does support thc Wired Fquivalent Pri-

vacy (VVBP) specification, a secured connection cml be made
in this fasluon.
Rcmom Upgradability

s The RCG is designed with the capabihty for unassisted
remote upgradability. The remote upgmdability feature is not
the same as the storing of operational parameters during the
confi uration process. This feature allows the system opera-
toi to add ucw feinurt.'s as they are devchkp(xf, OI') corlt.'ct

ul bugs remotely and withont the users knowledge or involve-
ment. Tlus feature can also be used to install a complete neu
operating system (OS)

Key to the successful unplementatlon of the Remote
upgradnbility feature is that a conlpletely fail-saft: routine be
implemented that can recover from any failure dunn the
upgrade pmcess and to re-initiate and monitor the upgrade
process until it has successfully completed This process is
carncd out by loading a boot loader program that ls stored ul
non-volatile memory. The boot loader pmgram provides the

io minimum capabilities to start up tlm R( Ci lind count:cl Into
the system operator's diagtxlstics network to download fixes
or a new OS. Thc bnnt loader progrmn is technically part of
the OS. but It cannot be over u ntten by any upgrade process.
it ls responsible for detectulg failure of the RCG and initiating
a comlcction to the diagnostics network Once comlcct(xf with
the dla~ostlcs network. the boot loader will provide dla-
nostics support ul help correct the R('G's operation and
reconfIgule Ihe OS

lo Wlrit is claimed is

1. A conununieations device that ls capable of providln
bnladband conuniulicntions services. composing:

at lmist onc conncvt ion for cmlnecting to n communications
nelv ork.

at least onc wireless interface for connecting u irelessly to
at least one rmnotc communications deviccx mid

a pmcessor that requests the at least one remote conunu-
nications device to assist in transferring data, sends a

rcquesd lo the at least one rcmotc communicatimis
so device for requesting use of a portion of iunised band-

width of tlm at least one remote communications device,
receives a response from the at least one remote com-
nlunicatlons device, the response contahlulg ulfornla-
ti on about the portion of unused bandwidth, selects the at
least one remote conuuunicatlons device with unused
bandwidth, sends control information to the at least one
remote communications device for participating in a

nndtilink corulection, receives packets from the at least
one remote cmnmunicati&ms dcvme Imd aggregates the

o data from the at least one remote commulu canons device
with data trmisfers from the at least one connection to
ulcrense data bandwidth for the communications dcwce.

2. The conuuunlcations device of claim I, wherein the
processor conlbines the data bandwidth of thc nt least olm

I connection &lith the at least one remote communications
dew ice.

3 Thc comnnulications dcvicc of claim 1, kvhercin thc at

least one remote conunumcations devme is at least one of a
residential comnnufications gateway, a cable modmn, a digi-

nl tal subscriber linc, a v irelcss device, a ncighborlxlod access
point device. a Wi-Fi de~ice and a cellular phone.

4 The communicntions device of claim I, kvhcrein the
processor allocates the at least one remote comnnuucatlons
device into a nuiltilink gmup trmlsfer.

8 Thc conununications dcvicc of claim I, ulmrein the
pnlcessor creates and updates nluting tables with the at least
one remote communications device.
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6. Tlm communications device of cfnim 5, wherein the

processnr uses the routing tables to determine routing cfli-

ciencies based on at least one of quality of service. total
connection spccst of the at least one li:lulIic ColiluluniCatiOn

device, a number o I'caui hops, available unu sell bmidwidth oI'he

at least one remote communication device, wireless trans-
fer speeds and signal streneth between the at least one remote
conummication device nnd the conununication device.

7. Tlm communications device of claim I, wherein thc
processor determines how many remote conununications
devices are located in a tmnsnussion range.

0 Thc communications device ol'laim I, wherein the
comnumications network is at least one of a public wired
network, a private lvired netlvork. a public wireless network,
and a puvate u ireless netuork.

9 Tlm communications device of claim I, wherein the
wmmiunications network is at least onc of a public switclmd
telephone neuvork, u cable nenvork, a wireless network and a

fiber network.
10 A connmunlmatlons device that is capable ol'providing

broadband conmiunications services, comprising
at least one connection for connecting to a network;
at least one wireless interface for connectuig wirelessly to

rclilllIC CI111111)OOICatli)lls devices, and
a processor that requests thc rmnote communications

devices to transfer portions ofdata, sends a request to the
remote communications devices for requesting use of a

poruonofumisedb uiduidihofeachoftheremotecom-
munications devices, receives a response fmm each OI

the remote conuuumcations devices, the response con-
tainuig information ubout the portion of unused band-
u idth for each of the remote conmuuflcations devices.
selects a gmup of the remote communications dcviccs
lv ith a lar er. colubliled, unused bandwtdtlu sends coll-
trol infi)rmation to the selected rena)te comnumications
devices for particlpaung in a nndtlhnk transfer. and
receivulg packets from the selected remote communica-
tions dcl icew;lnd conibitles mid sequmlccs thc portions
of the data from lhe remote conumuucatlons llcvlccs
with second data transferred from the at least one con-
nection to incrwuu data bandwidth I'or the conmulnica-
tions device

11 The coninumications device of claim 10, wherein the
processor crcatcs and updates routing iablcs for each ol thc
rcmotc coiunullllcatlolls rlcviccs.

IZ TIM cotunulnicalions device of claim 10, wherein thc
processor uses the routing tubles to deiermine routing efli-

I

I (I

ciencies bassvt on quality of service and selects a gruup ol'the
rcnlote Cnmnulilimuiwls devices Iiir optimiling tlm routing
cNcicncics

13 The communicatiwls device ol'claim lb. ulmrein thc
processor uses the routing tables to determine routing effi-
ciencies based on at least onc ol'uality ol'ervilm, total
comlccction speed of the rcmotc communication devices, a
munber ol'ata hops. alailablc unused bandwidth ol'he
remote communication devices, wireless tmnsfi.r speeds and
sign~i strength bcuvcen the rwnotc cwninunication devices
and tlm conununication dcvicc.

14 The communications device ol'claim lb. v,herein thc
processor receives information v lmtlmr mich of the rmnotc
comnluniCalions devices wanus to participate in a muliihnk
group transf'r. and configures a multilink group fi)r all the
p uticipatitlg remote cwtltliunicaiions devices to optitutrc
muting cflicicncy

15 A communicniions device that is capable ol'pnwiding
brondband comimmications services, comprising:

al least one comlect ion for connecting u) a conununlcatlons
network,

at least one lvlreless interface for connecting wirelessly to
at least one cellular phone: and

a processor that requests the at least one cellular phone to
assist in transfemng data, sends a request to the at least
one cellular phone for requesting use of a portion of
unused bandv.ldth of the at least one cellular phone,
receives a response from the at least one cellular phone,
thc response cont a inulg information about the portion of
unused bandwidth. selects the at least one cellular phone
with unused bandwidth. sends control informniion to thc
at least one cellular plmne I'or parucipating in a multihnk
connection. receivuig packets from the at feast one cel-
lular phww. mid aggregates thc data fmm tfic al least onc
cellular phone u 1th data translers from the at least one
connection to increase data bandwidth for the commu-
nications device.

16 The communications device of claim 15. whereul the
processor crcatcu mid updates routing tables with tlm at least
one cellular phone.

17. The conmnuiications dswice of claim 15. wherein the
processor uses the routing tables to deterniine routing effi-
ciencies bused on at least one of quality of service, total
connection speed of the at least one ceflular plmne. a number
of data hops, availablc unused bandwidth of the nt least one
cellular phone, wireless transfer speeds and signal strength
betwscen the at least one celhdar phone and the conununica-
tlon device
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