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US 11,4
1

DEVICES AND METHODS FOR MULTIPATH
COMMUNICATIONS

Rl:I.A1 iiD APPI,I('Al'IONS

1'his application is a continuation of U S. patent applica-
tion Ser. No. 15/l(i1,787 filed May 23. 2016. soon to be
patented as U S Pat No. 10,86R908. which is a continua-
tion ofU.S. patent application Ser. No. 14/512,414 filed Oct.
11, 2014. Bow patented as U S. Pal. No. 9350,649, winch is
a continuation of U S patent application Ser. No. 13/531,
294 filcxI Jun. 12, 2012, uow patciued ds IJ.S. Pat No.
8,861,349, which is a contirmation of U S patent application
Scr. No. 12/581,8S2 Iilcd Ocl. 19, 2009, nov, patented Bs

U.S. Pat. No. 8.228.801, which is a continuation of U S.
patent application Ser. No. 10/686,375 filed Oct. 14. 2003,
noiv patented as I.J ) Pat No 7ffi06,156. which claims
priority to U.S. Pmvisional Application Ser. No. 60/418,521,
lilcd Oct. 15, 2002, all of wluch arc incorporatcsl by rcfi:r-
ence herein.

BACKCiROUND OF INVENTION

1'he primary function of the R( (i is to provide a platfornt
for Competitive Local Exchange C:ompanies (C'LECs) to
contpete with the Local Exchange Companies (LECs) for
rcsnlcnual voice and data services. Thc LECS have B

strangle hold on thc '*last nule*'l'copper over whwh almost
all residential custonters receive their comnnuticatimis ser-
vices 'I'oday, ntost ('I Ii('s resell the existing services that
are offered by the I,l:Cs ( I.IICs make their money by
purclmsin these services from the LECS at a discount and
marking them up to the customer. Since these services are
regulated and controlled by thc Pubhc Uuluics Conunission
(PUC) lhc prwin for these services tu die CLECs is sct. The
monthly CLEC discount is appmxunaleiy SS to $ 6 pcr line
pal'noillh for b;isic I'dtc services. I lus iuc;111B. 111 pl'Bcticalltv,
that a ('1.11('an only charge an additional $5 or $6 to the
residential customer for basic mote services otherwise they
ivould be more expensive than the I EC:. and no one ivould
buy thc scrviccs from them, tclephonc customers would
simply slay with thc LEC.

To bc compeuuve then, CLECs lry lo scil additional
services such as call waiting, caller II), etc where they have
as nnich as a 50% margin. Some ('I.it('s also bundle long
distance services with their packa es as additional incentive
to get residential customers to buy local telephone service
from them. Since long distance Ibcs areas low as pcmues pcr
nunulc lo lhc customer, lhcrc is hule pmfil m long distance
for thc CLECS. As 11 is, the pucing structure is such 01st the
I I ICs ivili stay in contml of the residential market, and the
('l,l ICs are nothing more than a marketing aun of the i,l'.C.
This stnicture also keeps the CLECs at an equal competitive
advantage. or disadvantage. with respect to each other. The
only flung that oue CLEC could do lo gain more customers
is to bc a better markctier Suicc the CLECs arc unablc to
discount their services bccausc their mdiguts arc loo sluu as
it is, the net etlect is that the consumer looses by not really
getting competition in the residential markets„and prices are
kept artificiall hi h.

For the CLECs to be tndy competitive in the local
tclecommumcauous markets, they must be able to do more
than simply resell the LECB services. CLECs must be able
to oiler many morc fi:dlurcs or services than those timl the
I I ICJ provides. and they ntust be able to do thi ~ at a lower
cost, in order to attract new customers.

1)(,641 B2

So. what new services cnn tlm CLECS ofii:r7 As things
stand today there are none, with the exception of DSL or
Cable scrviccs wluch require tremendous uilyastruclure
costs on behalf'f the CLEC. Howcvcr, by dcployuig an
R('(i in a residence, ('I I I('s can offer advanced new: calling
features and services over the existing POT) line. 'I'heir
costs for the POTS line from the LEC remains the same, but
they can now charge for high bandwidth data services as
well as additional calling and messa in features that the
LECs cannot ofii:r. Tins is their compcutive advantage.
Competition:

Many companies are currently trying to provide Vi)IP
services to residential customers over high-speed or broad-
band backbones such as DSL and cable modems, over
Internet connections via a computer. The high-speed ser-
vices require expensive infrastruchire enhancements to the
local tele)thonc companies'imilitics mid cable plmils, Bs

well as cxpcnsive modems at lhc customer's cnd. These
services are also difficult to deploy and too complicated tiir

20 the average user Internet based Voip services suffer from
internet deiays caused by a Lack of tnie Quality of Service
(QOS) capabilities across the Internet. Existin VOIP ser-
vices also require access to a computer and a technical
knowledge to be able to make 11 work. Bixdusc ol'hcsc
problems, VoIP scrviccs arc prunanly targctcxI at thc corpo-
mate market piece where private IP networks that can carry
VOIP services v, ith a true guaranteed QO) exist, or can be
controlled.

The oniy available altentatives for the residential user for
10 hi h speed services are DSL and cable modems. DSL and

Cable based conunuiucalions reach only a small scipncni of
lhC popllhilioll. dial gtowlb h;IS fallCd 10 RVC Up 10 iililiai
expectations. The recent collapse of the internet boom has
led to the failure of nlany Dgi, service providers and has

is etfectiveiy eliminated DSI as a potential service for most
POTS users for the immediate filture.

SUMMARY OI'I Ill: INVI:N1 ION

40 The RCCI combines the capabilities and features of IP
routers. C'lass 5 circuit sivitches and wireless LANs in a
small stand-alone external modem like device. Additional
ciipabililics lol d hdllds-fice spcakcrphonc ih:vlcc wuh
large touch display arc also det;Bled Thc RCG can employ
a lar e display with sufficient resolution to provide a func-
tional user interface to access all of the advanced features
offered by the RCCJ, but also to be able to provide video
telephone services.

Thc device is placid m a residence and conncclcd to lhe
0 pnmary POTS line coming from the LEC. Up to lluce

standard lclephoncs or FAX mtmhiues (or any combinauun)
are typically connected into the R( (i. It also has a Universal
Senal ilus (IJSII) anogor a 10-I(X) iithernet interface tiir
connection to a computer or a Local Area Network (LAN).

Ss ln addition, it has an 802.11b/g wireless interface for wire-
lcss home networking ds well as broadbmid-to-thc-home
Sei VICCS.

Thc system is utstallcd ut a customer's home by sunply
plugging it into the existing inconting telephone line that

ic pmvides PO1'S services fmm the l,li('ne or more stan-
dard telephones are then plugged into its three hne-output
jacks This is the simplest Bnd most basic usa e. In this
iinplCiuelllattoii, thC OSCr 0111)'S iutercstcxi 111 gaiiliilg addi-
tional telephone lures into thc household. No compuler

Ss connimtion is required ui order to use thc syslmn. However,
if data conununications are desired. then there are three
additional interfaces for computer connectivity 'I'ypically
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cithcr ml Ethcmct port, USB port or tircwirc (IEEE 1394)
port is used to connect to a PC or LAN. The 802.lib/
intcrfdcc Is filr wireless conumuucauons bctwcen lhc RCG
and PCs. other R('(is as well as any other types of compat-
ible wireless devices. A version of thc RCG ulcludcs a

speakerphone and video camera to provided filr video tele-
phone services.
)ervices Provided by the R('(i:

The following discussion refers to FILI. 1. The RCCI has
a main system processor that is responsible for all bouse
keeping and traffic routing tail s. The Main CPU 19 routes
data lo and from the Ethernet Port 11, USB Pots 12,
Modem'DAA 41, l))P I ngine 33. 802 H b'8 Module 36 and
thc Display and Rcypad 10.

'Hie R('(i provides a total teleconununications conlmu-
nications services package for residential and small business
customers With the R(XJ, a ('I,IJC can otTer its customers
dialtone for up to three separate telephone numbers per
rcsulcnce (tlu: lnnil of lluec tclephonc numbers is an arbi-
trary number based upon typical residential usage and Is not
a linut imposed by thc system), all local and ion distance
services. 24/7 always-on hlternet access, a host ot custonl
messagulg and call ulg features, as well as Broadband access
and lifeline service All of these services can be otfered over
a customer's existing POTS hnc, and il doesn't require any
netivork infrastructure build out like D)1, and Cable ser-
vices. Because there is no expensive network equipment
required. it can be readily deployed throughout the country
to expand the CLECs customer base quickly.

lllc RCG is dcsigncd lo enhance, nol rcplacc. Ihe existing
telephone line. enabling it to provide new combined pack-
cllxcd I oleo Bnd ilBIB scrvlccs. Meautwlulc, all cxistlllg
telecommunications infrastnicture and equipment will con-
unue to worl scamlcssly with thc RCG. Aside from simply
installing the low cost R('(i device in the lannie telephone
wiring. no other equipment needs to be purchased by either
the home owner or telephone companies I'his eliminates the
tremendously expensive infrastructure costs for conununi-
callolls colupailics IEBI Brc Iryulg lo plovldc voice scrviccs
using DSL or cable modems
Thc RCG VIP Home Ciateway Feaiurcs:

Up to tluec telcphouc Jules I.c. numbers, over a single
PO'ITS line and/or wireless connection.

I ithernet. USI3 and llit it i 1394 coinputer interfaces
Full (Jl, CJ2 and Ci3 FAX support.
Full support for all CLASS services.
Broadband nctworloug for home computers alxl appli-

ances as well as isidc arcs nclworkm using a combulalion
ol' plurality POTS lines cotutcclcxt to a plurality of RCGs
andior a direct wireless connection to a v ireless access
point ('I hese interfaces allow: smart devices to comnnuucate
to other devices within the home, or over the Internet
tlu ough the RCCi.)

Automated, remote upgradabihly and configurauon. (Re-
quires Ihc customer to do uolhul .)

Trmlsparcnl user opcratton. (User docsn'I have lo know
that any new technology is heing employed)

100% compatible with existing public telephone systenl.
Video Telephone capabilities.
No local or ion distance usage charges.
No Internet access fi:es.
Lower monthly conumuucation costs.
Multiple Iclcphoue calls al lhc same lunc.
Vilice massaging, follow me features„call ti&lwarding,

mitomatic call back, conferencing, custom call routing.

Home nctlsorking capabilities, all CLASS calling fi:dturcs.
high speed broadband networking. continuous 24/7 internet
dcccss. Bnd Iuallv others.

All of these features are available even while connected to
thc Internal.

Very low coal of entry ullo thc market, espivially as
compared to broadband allcmatives.

New calling features that are not currently available to
honte users.

I I I

BRIEF DESCRIPTION OF THE DRAWINGS

lil(i I sholvs the R( (i hinctional block diagranl with the
preferred embodiment of an 802.it wireless connection.

FICi. 2 shows the nenvork topology for native RC(i to
RCCi communications.

Flfi 3 show s thc network topology for an RCG lo PSTN
call.

lit(i 4 shows the 1(C(i top view with associated func-
20 tions.

FICi 5 sholvs the R('Ci rear view and associated connec-
lwilts.

FICi 6 shows a typical application with periphemll equip-
nlclll conncctiolls.

Flfi 7 ahois s an ad-hoc wirclcss LAN contigurauon with
ppp nndtilink data distribution and wireless connectivity

lil(i 8 sholvs an ad-hoc ivireless I,AN configuration ivith

ppp nndtilink data distribution and wireless connectivity
v ith connection to a broadband neigtborhood access point

30 (Wi-Fi hot spot).
Flfi 9 shows tm nd-hoc wirclcss LAN contiguration widl

ppp multilink data distribution and wirclcss connectivily
with wireless data hopping with PO I') connections through
munerous different ('ass 5 ofitces.

ls
DETAILED DESCRIPTION OF THE

INVENTION

I'he preferred embodiment is detailed herein using the
do ubiquitous 802.it wireless protocol. It is by no means

insimlated that this is the only ivireless scheme that can be
lised by'his ilcvicc, I alien ll is lnlcndixl thai dnv wlrclcss
transmission scheme can be used for wireless communica-
tions bctlsccn this device and other wireless devices as
various applications may dictate
System Initiafiration

Refer to FICiS. I, 2 and 3 filr the following discussion.
When the RCCJ is tlrst plugged into an AC power outlet the
Main CPU 19. performs a Power-on Self Test (POST)

0 routine. Once thc POST complctcs aud thc RCG Is con-
nimtcd to ml active POTS lute, connimted to thc LEC. by
means of the incoming PO'ITS Port 41), the R('(i mitomati-
cally initiates a modem connection via the Modem/I)AA 41,
to a registration service via a toll free 800 telephone number.

11 The registration service connects directly to the service
provider*s sales or cusiomcr service otliccs via a VoIP
colulcclioll. An oper'tllol or Bn duliuutllixl service Bliswcls lhc
cilll Bllil scm lip B Ilcv'ccounl lor thc cuslonlcl Ollce lhc
account is set up, the service pnlvider's network automati-

io cally sends control information to the device to store the
required routin and feature/service information in its non-
volatile memory of its Main CPU 19 As part of this
iufilrmauon, a local dialup telephone number is sent lo Ihe
dcvicc lhal II will usc filr local network access ul lhc same

ss fasluon as a stanrklrd ISP connection is made 1)om a home
cmnputer. I'he URI, of the Softsivitch/SIP Proxy Server and
Registrar 51 that will be controllin this particular device is
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i

also stored at tlus time. During the service actn Buon and
confi uns(ion process, the customer service operator can
send test requests to the device, as well as call into it on
another telephone nuniber (assmning an additional tele-
phone number is part of the users class of service) or the
speakerphone to verify that it is configured and working
properly. Tlm Iinal stc)t of the contigurstion and iiunalizanon
process is to register thc dcv(cc w(18 thc Bpproplliltc
Softswi(ch/SIV Proxy Server and Registrar 51 so that the
Softswi(ch/SIV Proxy Server and Registrar 51 knows that it
is the controllin SIV Proxy for this RC(i Also contigured
at this tinte is the username/password verification server
(this is a standard network device and is not shown) that is
used to allow the RCG's modem to make a connccnon onto
the scrvicc provider's network. Once thc R(SG conliguration
is completed. it disconnects the call by hanging up the
Modengl)AA 41. then dials the new local network access
number thar had been sent during the configuration process
and establishes n constant local network connection. Tlus
connection is maintained continuously on n 24/7 basis. and
is inunixhatcly recstabhshcd whenever 0 drops. Should the
RCG bccomc unable to rixstablish this coiuiection after
several tries, it wdl switch over to failsafe nxide and infornt
the user via the Display and Keypad 10. 'I'he I(C(i will try
to reesnsblish the connection every few minutes until it
finall succeeds.

By default, the first telephone port. POTS 1 Port 30, is
assigned as thc termination pon Ihr thc existing POTS
service that is connix (cd to Incoming POTS Port 40. Tlus is
the existing, telephone service that the user already has as lus
primary telephone service from his I li( VO'I') I Port 30,
typically has cnnnected to it a standard telephone set that
does not require any pov er (other than that derived over the
POTS interface) to operate properly. POTS 1 Port 30 is the
Lili linc telephone port for thc user. In thc caac 1ha( all pow cr
is lost to thc RCG, POTS 1 Port 30 will fml to a direct
connccnon to tlm Iucomuig POTS Por( 40 telephone lute
that comes into the It('(I fmm the I,I I('o provide uninter-
rupted telephone services to the user ln this state, however,
none of the enhanced Moi P services of the RCC( are avaiLable
to the user since the user simply has a stand POTS telephone
service to thc LEC.

Two additional and uiuquc telephone inunbers can bc
assigned to the other two tclcphone ports, POTS 2 Port 29
and VO'I S 3 Port 28, by the service provider at any time.
'I'hese nunibers are drawn fmm a pool of available telephone
nun(hers assigned to the service provider. POTS 2 Port 29
and POTS 3 Port 28 must to have standard telephone
numbers assigned to thmn so that thc PSTN is able to route
calls from its ac(work to these porno For calls ongumting
from IP based tclcphoucs, thcsc munbcrs arc not ncmcssanly
needed since VO'I S I Port 30, PO IS 2 Port 29 and V(yl'S 3

Port 28 are uniquely identifiable to IV nenvorks via their IV

addresses assigned through the Dynamic Host Configuration
Protocol (DHCP) at the time that the RCG establishes a
coiuuxuon to thc service provider's ac(work. Suice POTS 2

Pon 29;md POTS 3 Port 28 must have a tclephonc number
assigned ti1 then(, 11 ts a uianc( ol couvculcucc to usc thc
assigned telephone nun)hers as part of their SIV address for
IV routing of their data In this way. all three user VO1 S
ports, POTS 1 Port 30. POTS 2 Port 29 and POTS 3 Port 28
are all addressed the same manor.

Al (his pouin thc user m able to takeadvimta e oi all ol
thc RCG's features that have bixn activatml accordmg to lus
scrvicc agrecnu:nt The user can at any tune connect addi-
tional (elephones, a computer or a computer network to the
R('(i I'he user will only be able to use those telephone pnrts

(POTS I Port 30, POTS 2 Port 29 or POTS 3 Port 28) 01st
have been activated, and assigned unique telephone munbers
by the service provider Any type nf standard telephone can
be connected to the three VO'IS ports. VOT) I Port 30,
POTS 2 Port 29 and POTS 3 Port 28. In the event that n

cordless telephone or a telephone that derives its power from
an AC outlet is connected to POTS 1 Port 30, the hfcluie
iiinctionahty of tlus port will bc inellbctivc suicc thc tele-
phone itself v, ill not operate once power is lost.

in I'he speaker phone fea(ure of the R('(i. comprised of
Speakerphone f)rivers 22. Microphone 24, Speaker 25 and
DSP Engine 33. can be used on any of the activated
telephone numbers and is by default enabled to operate on
POTS I Port 30. Once either ol'he other two tclcphonc
ports, POTS 2 Port 29 or POTS 3 Port 28. is activated. thc
spc;1kcfphonc function is actlva1ed fot'hose 11(1cs,'1B w'ell li1

use the speakerphone for any assigned telephone nmnber,
the user simply presses either the I.ine Select 13uttim 79/gl
for Line I. Line2 or Line 3 on the face of the RCCi. and the

io speakerphone function is activated on that line. This is
convcnicnt for answenng any call directly at thc RCG. The
RCCi may or may not luivc a number keypad Ibr onginatuig
calls. 'Hiis feature may be added or rentoved based upon the
target market price points

I'he determination as to which Inter I:xchange ('arrier
(IXC) the RCCi ivill route its data through is determined by
any of a number of criteria including, but not limited to,
whcthcr thc RCG is a pm ate labclcd product, or wiuch
ciu1lcl has thc lowest cost roll((Jig. CI'l a spcclfic cairlci Is

so specified by the customer, or and muuber of other consid-
erations. I'he R(.'G can be programmed to change its routing,
path to any IXC at any time by the service provider
Complicated routing algoritlmts can be prokrrammed into the
RCCi to control which IXC it svill use at any time.

is Fmlsafe Mode
During any 1(mc that the RCG is in Ibilsafc mode i.c.

Lifeline failxagc logic 39 is actn atcd, thc RCG will only be
able tn receive or initia(e telephone calls via the telephone
cmtnected to its primary telephone port. VOT) I Port 30 or

so throu h its speakerphone feature. In this condition, all
activated telephone numbers are ported via the PSTN to the
pnmary (Iirs() (clephone number for delivery to thc user's
tclcphone that is connected to POTS 1 Port 30. Wiule in
fadsali: mode. thc modem is not activatixl, tmd the RCG
appears to the local Class 5 otfice as a standard telephone,
and the VS I N ivill route all incnmin calls to the R(XI as it
normally would to any standard telephone.
Call Flovv I:

Dialed call ongina(ion from a telephone coiuiectcd to an
o RCCi POTS port and tcrmuiating at another user's RCG

POTS port.
When a user picks up a (elephone connected to any of the

three VO1'S ports, VO'Irg I Vor( 30, VO'I'S 2 Vor( 29 and
POTS 3 Port 28, an ofi'hook condition is detected by the

11 SLIC/CODEC interface 27 that is connected to the DSP
Enguic 33 by way of thc DSPAudio Interface 31. Thc DSP
Enguic 33 responds by scnduig digitally gmierstcd dmltonc
to thc appmpnatc POTS uiterface over thc DSP Audio
Interface 31 (Note all 13ORS('IIT telephony hinctions are

io perfornied by the DSV Iingine 33 and the SI,I('/('OUII('nterface27.) Upon hearing the dialtone. the user enters the
desired telephone number on his telephone keypad. The
Dual Tone Multi-Frcqucncy (DTMF) digits that thc user
duds arc decoded v,itlun the DSP Engine 33. The dtatcxt

ss digits arc transibrred to the Main CPU 19 via the CPI I/DSP
('ommunications Path 34 'I'he Main ('VU 19 polls the DSV
I:ngine 33 approximately every nvo milliseconds looking tiir
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data. Thc Mmn CPU 19 polling rate vancs accordin to thc
pmcess that is being perfbrmed 1'he ('VU/DSV ('olnnuuu-
cations path 34 also can generate an interrupt to fnrce data
transfer benveen it and the Main ('PU 19

The Main CPU 19 genemstes a SIP Invite IP packet using
the dialed digits as the called destination address and the
URL ol'ts local controlling SIP Proxy Server winch was
progrdnuncd into the RCG during thc contigurahon process.
'I'he Main ('VU 19 passes this SIP packet off to the Modenv')AA

41 for transnlission over the netwnrk. 'I'he RC(i
Modem,'DAA 41 is connected to and comnnulicating with a
modenl in a modem bank located in the Inter Exchange
('arrier's (IXCs) facility This facility mny actually be
locatmi ul thc LEC's physical plant or it may be physmally
loca(mt ai another location.

lteferring to I'l(i 2. I)acr A R(Xi 44 is cnnnected via its
modem to the I li("s local Class 5 Otfice A 47 In tlus
example. the service provider's connections to the IXC A
Modem Bank & Router 48 are throu h LXC A Inter-Oflice
Tnnfl s 46. The service provider may or may not be the IXC.
Ii thc scrvlcc pluvulcr docs nol have ils own nctwolk. lien
it will purchase capacity from an IXC dnd route Its lraffic lo
that IX("s facilities The SIP 1mite IV Packet that is sent
fmm User A R('(i 44 transits the I I 1(" s ('ass 5 OtTice A 47
facilities and is routed to the IX(' Modern 13anki1(nuter 48
via the IXC A Inter-Oflice Trunks 46. It is the job of the
router to take the IP packet and route it on to its imended
dcstinauon. in tlus case thc appropriate SIP proxy server 51.
Thc router uses thc URL for the Soltsw it cia'SIP Proxy Server
and Registrar 51 contamed m the SIV Invite to knov where
to route the packet (Note 'lite Softsivitch. SIP Vrnxy Server
and Registrar are logical devices that may reside in a siagle
computer system, or may be implemented as completely
separate devices. In this example. the Softswitch. SIP Proxy
Scrvcr and Registrar are all shown as a sul le physical
device nuunng thcsc tluce scparatc processes.) The IXC A
Modem Bank/Router 48 sends the SIP Invite IP packet on to
Softswitch/SIV Proxy Server and Registnsr 51 via an IV
based network route 52

The SIP Proxy Server process nuuling on Softswitch/SIP
Proxy Server and Registrar 51 perfomls B look up to
ih:tcrnunc thc tcrnunanon dcsnlrdlion fol lhc call ushlg thc
dialed digits passed along In thc SIP Invite IP packet. In tlus
example. the terminating device for User B RCG 56 Is via
IX('3's Modenl l3ank/Router 49 then tluough ('ass 5

Oflice l3 50 and over User )3 PO I') line 55 and finally to
User B RCG 56. Not covered in detail here is the SIP
message handling since it is completely covered in IETF
RFC2543. This cxnmple shows that both thc ongulatm and
tcnninatulg ends ol thi~ cail are contmllcst by thc same
Sofi switch/SIP Proxy Server and Registrar 51 device. Where
the originating and terminating ends of a call are cnntrnlled
by ditferent Snftswitclv'Sip Proxy Server and Registrar
devices. an additional level of SIP messa illg is used
between the two SIP Pmxy Server processes of each of the
Soflswitch/SIP Proxy Server and Registrar devices to locate
dnd control the tenninauug location of the cali. Agmn, that
information is covcrcd in IETF RFC2543 and Is repeated
here

After the call routing is setup using SIV, and User B
answers the call. the Soflswitch/SIP Proxy Server Bnd Reg-
istrar 51 device sends IP address of the originating User A
RCG 44 to thc User B RCG 56 and the IP address of User
B RCG 56 to User A RCG 44. Once both RCG's lmve thc
other's IP address, they thon conununlcdtc dirccfly Iii ciich
other using, i(eat Tinle Vmtocol fRTV), and the Softswitclv'ip

Proxy Server and Registrar 51 device is nn longer part

of the conncchon. Tins direct communication is shown as IP
based R I'V Stream 57 between IX(' Modenl )tank/Router
48 and IX(l l3 Modem l3anydgouter 49

On the receiving end of the call, referring hack to 11(i. 2,
User B RCU 56 receives the SIP Invite data stream throu/I
its Modem/DAA 41 and passes it on to the Main CPU 19.
The Maul CPU 19 rcassmnblcs thc SIP IP packet and
iutcrrogatcs the header ulfomuitiou to detcnnulc wluch
VO1'S poit, POTS I Port 30, POTS 2 Port 29 and VOT) 3

In Port 28 the call is destined fnr based upon the dialed munber
cmltained in the SIP Invite messa e I'he Main CVtl 19
conunands the DSP Engine 33 to control the SLIC/CODEC
Interface 27 to apply ringing voltage to the selected POTS
port to ring thc phone. A corresponding SIP 180 tnngulg)
mcssagc is sent back to User A RCG 44 In thc rcvcrsc
direction. When the phone attached to the selected VO18
port is answered, the off hook condition detected by the
SI IC/('ODIi('nterface 27 is sent through the DSV I ingine
33 to the Main CPU 19 that sends the SIP 200 OK message

Io back to User A RCCi 44 to let the RCCi know that the call
was answered by User B RCG 56 and to turn otl'he midible
ringing tone liir User B. Once ttu: call is cstnbhshcd, User A
R('(i 44 sends and A('K 1112 SIP message to User l3 R('(i
56 indicating that User A lt('(i 44 understands that the call
setup has been cnmpleted

The two RCCis m&w exchange SIP messa es that include
the type of voice encoding that will be used such as Ci.729,
G.723 I, (L711 etc to contigure their RTP ~ trciuns so 01st
they cdn reliably trmlsli r the user ulformatiou bctw imn them.

lo At this point the call /voice data) is sent between both R('(is
and a normal telephone conversation takes place between
the user A and user l3.

Cali teardown is accomplished by either user han in up
their telephone. The RCG of the terminating end (the end

ls thai hangs up thc phone lirst) dcumm thc on-hook conibhon
and scuds a SIP Byc message to thc other cud Thc other end
upon rccciving thc SIP Byc mcssagc responds with an OK
200 SIV message and disables the appropriate POIS port
that the user was usin

do The Speakerphone interface can be used for either end of
a telephone conversation in exactly the same way as
dcscribcd above except tluit thc corrcspondulg POTS port
that the call was intcndcst for is disabled Il'he call is
answcrcd via thc spenkcrphone.

d- ('all lilnw 2.

('alla benveen ml lt('(i device and a VSI'N telephone
Refer to FIG. 3 for the following discussion.
In the previous call example„ the PSTN network had

nothing to do since the call w as oi cr a previously cstabhshcxt
o modem cotulcmhon between two RCGB. Iu thc cases where

d call ollguldtcs ol tcnnuuitcs 10 B s(BndBld tc'lcphonc
serviced by a Class 5 otfice, the process is a bit more
cmnplicated

When a call originates from a user via an RCCi. Such as
i. User A RCCi 44, the cali handlmg practices are exactly the

same up to thc poult tlrdt thc SIP Proxy Server pmccss in thc
Softsw itch, SIP Proxy Scrvcr and Registrar 51 performs a

lookup to detcrmule how to route the cull In tlus case. thc
SIP Proxy Server process determines that the call terminates

io at a standard VSTN telephone attached to the ('ass 5 OtTice
B 50. Since the call originates as a native )goiP service, it
must be converted to a standard switched circuit based
scrvicc to bc able to bc dcln cred to User B's tclctthonc 61.
The conversion is perfiinned by the IXC's Media Gateway

ss 60 device. In this cxdmplc. thc SIP Proxy Scrvcr process
routes the cail via the IX(ys Media (iateway 60 device
instead nf thmugh the IX('3 Modem liank/Router 49 as
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bcforc. Thc SIP Proxy Server process sends a SIP 1m itc to
the IX(" s Media (iateway 60 device, as well as other contml
information, to direct the Media (iateway 613 device to
terminate the call and to apply the appropriate voice con&-

pression algorithm to the media stream to convert it between
s&vitched circuit PCM format and the selected VoiP protocol.
At thc same tune, thc Sofisw&tch pmccss of thc Sofisw&tch,
SIP Proxy Server aud Reg&strsr 51 dev&cc sends conunands
to the Media Ciateway 60 device to cm&se it to route the call's
P( M data to a specific channel on the IX('3 interoffice
'I'nmk 54. I he )oftsw&tch process then generates an SS7
ISUP message that is sent over the PSTN SS7 signaling
network to the Class 5 Office B inii&nning it of rhe incoming
call and on w h&ch c&rcu&t thc call has bccn placed. It &s up to
the PSTN at tlus point to ru&g thc I lser B tclcplx&ne 61 and
pmcess the call between the IX("s Media (iatev ay and the
User 13 'I'elephone 61 I'he Softs&vitch pmcess handles the
signaling cow ersion between the PS'I'N's SS7 netv ork and
the IXC*s SIP messa ing, as weil as any other proprietary
signalingschemes utilized by the IXC to control its nenvork.
Thc atm»lard SS7 call control messages, such as ringing,
busy. ring back ctc . all haves comparable SIP cali tlow
control n&essages I'he Softswitch simply maps the SS7
nlessages into SIP nlessages and visa-versa while nluti&lg the
n&essages to the appropriate network equipment

As in the case of a call between wc RC ( is, the RTP media
streanl (the actual call data) ic routed directly be the IXC A
Modem Bank/Router 48 and thc IXC's Mcdm Gateway 60
& ia an IP based RTP Strctm& 57.

Again, call teardown is accomplished by either user
hanaina up the&r telephone. Depending which end hangs up
the phone first, the associated nenvork will generate the
appropriate messa es wlfich will eventually make it hack to
the Softswitch process. The Softcwitch process &vill relay the
appropnatc call control mcssagcs bew can d&e PSTN and the
IXC's SIP based control system.

A telephone call ong&nating from a PSTN telephone &s

confiaured and setup in the same fashion as the above
description except that the originating messaaing. beg&ns
&vithin the PSTN network inctead of the IXC's network
Personal Computer Based Communication~:

Whcrc tlu: RCG &s conncctcd io a Perso&xd Computer
(PC) tluough either &ts USB Port 11 or Ethernet Port 12, thc
RCG operates cxuctly as a cubic or DSL type modem device.
'I'he R('Ci is simply a pass through for the computer's data.
'I'he lf ff(i race&ves the lp packets (o f&vhatever type) fnlm the
computer and sends the mformation unclmnged ro the
Mode»&/DAA 41 interface for transmi scion over the Internet.
Received uffbrmat&ou I'rom thc Intcmct is processed in the
Icvcrsc wav.
Dynamic Bandwidth Allocat&on.

When a modem connection is established between the
R('Ci and the "Network". the total available bandwidth of
this connection is used in a shared/prioritized fashion. Vo&ce

services (calls) take precedence over data services. There-
fore, when no calls arc u& progress sll of thc available
t»u&d&c &dd& is used by data type scr»ces such as surling thc
Internet or upton&hng/download»& liles. However, when a
call is to be passed through the R('(i, the required bandw&dth
for the call &s deallocated fmm the data services and pnori-
tized for the telephone call. This necessary because the
Quality Of Service (QOS) is important ii&r efi'ective com-
mu&ucanons over clcctronic

networks.

Su&cc &hc voice data
is carried over a '*data centnc** network topology (an IP
based network), call qual&ty can sufii:r greatly. Every efibrt
nnist be taken to eliminate or reduce the packet delay
through every net&vork elen&ent to be able to provide the best

call qua hty. For data applications such as surliug Ihc Intemel
or downloading tiles packet delay &s acceptable and
expected, and it does not afi'ect the "qual&ty" of the data.

Since all voice and data is transn»tted as packets. there are
no "time slots" or other type of "channelization*'ssociated
v ith the transmission of this data over either the POTS line
or thc wirclcss interface. Chmu&clizat&on of thc vo&cc dais
docs occur w&tlun the SLIC/Codec Interface 27 but &s

cm&verted into IP packets by the l)SP engine 33 and is
in handled as packets from tl&at point on

Regardless of whether the call is originatmg or terminat-
ing at the RCG, the bandwidth allocat&on process is the
same. When the SIP call setup messages are pmcessed, the
type of vo&ce compression ihat will be used &s delinixk Thc
RCCi Mau& CPU 19 handles the IP pucket liow bc&ween thc
DSP Engine 33, USI3 Port 12. Ethernet Port ll, 802 I lb/8,
Module 36 and the Modem,'l)AA 41 dev&ces giving priority
to the voice packets to and from the DSP I:ngine 33 and the
Modem/DAA 41 interfaces. Voice compression al oritlmts

lo create IP packets at a specified number of packets per
second Thcsc packets are luindled by u timed process u& the
RCCi Tlus process is star&cd during call ac&up so that the
packets are handled at the correct rate based upon the
cmnpression algorithm's packet generation rate 'I'here is no
priority assigned between the vo&ce packets of each of the
three different POTS Ports 28-30. When more than one
voice call is in progress, they are handled in a round robin
fasluon based upon the packet rate fi&r the compress&on
algonthm used. If, for example, two calls are using a

&o compression scheme that generates packets every 2 milli-
seconds, and the third enemtes packets every 4 millisec-
onds, then the calls utilizing the faster packet mate will be
polled at twice the rate as the call using a slow er packet rate
but they are not given priority "over" the other call. Only

lc when &herc arc no voice packets ready for trausm&ss&on lo the
ModenVDAA 41, &.c. dunng thc approx&mately 2 io 4
nullisccond packet&znnon period bet»can packets, w &11 any
pending data packets received from the 11813 Port 12,
Ethernet Port 11 or the 802.lib&g Module 36 be sent to the

co Modem/DAA 41 for transmission over the network.
Thus. the POTS bandwidth is allocated on a per packet

bas&s, not on a "tune slot*'r '*chunncl&znt&on" or even a
"frcqucncy" bas&s as &t thc case w&th T-Carrier, DSL or
ch&umchzcd DSL systems. Thc same &s true lbr thc wirelcss
interface, &vhether it is carrying pure data or voice

Security is currently a big en»cern in today's nenvorks,
and especially with wireless 802.11 transmiss&ons For this
reason. the RCCi defaults to route vo&ce data over the users
POTS connection via Incomu&g POTS Port 40. As sccunty

O conccrus Iigardulg w&ICIcss coun»un&ca&ious 11'In&su»salons

are addressed and elle& is&cd. voice call data cau. and w&ll, be
routed over the &vireless interface via the 802.11 b/g Module
36
FAX Transmission:

&1 C&roup i. 2 and 3 fax transnlission is completely supported
by thc RCG. Fax trm&smission has the &tune pnonty as other
vo&cc conunun&cat&ons. Tlui1 &s to say Iha& FAX tr msm&ss&on

is treated thc xsme as a & nice call and takes prccixicncc over
native IP data traffic.

Io 13madband Over PO'I S:
One of the primary functions of the RCCi is to be able to

trm&sfer large fiies such as video files over the POTS lines to
a rcs&dence. Thc ab&hty to do this is inn&tcd by thc maxunum
of 56 Kbps due to the dcs&gn of thc digital Class 5 ofiice

sc lu&ccards and network &ra»amiss&on schemes based upon T
carriers. Typical Class 5 1inecard design san&plea the PO'I')
lines at a rate of 8,000 samples per second 'I'ypically, each
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smnple &s digitized u&to 12 to 16 b&ls by a codex device Thc
digitized sample is then companded to an 8 bit sample (I
byte) ivhich makes up the VCM data stream that is trans-
ferred over the PS I'N 1'herefi&re. each VO'IS line is sampled
at an effective rate of (14 Kbps. Since le acy Tl transmission
equipment uses mbbed-bit signaling, the maximum guarmt-
tccd uansnuss&ou rule for thc PSTN as a whole &s 56 Kbps.
Because of lh&s lim&tnt&on, standard POTS lines cm& only
uarantee a maxintun& of 56 Kbps transfer rate under the best

conditions. 1)SI equipn&ent gets around this pn&blem by
installing l)SI Access Multiplexing (DSI AM) equipn&ent at
the Class 5 office end of the POTS line. By routi&tg around
the linecard. as well as routing the data directly over the
Internet or other pm v etc I P based nctw orks, m&d there fore thc
64 Kbps sampl&ng rale, DSL &s not bandwidth Inn&I&xi like
VS'I'N traffic is l)SI . however. suffers fn&m the very high
costs associated with the purchase. installation, mainte-
nance, fioor lease costs, etc l)SI, also sulTers from very high
deployment costs result&ng from the labor intensive process
to turn up each line. Each DSL "POTS" line must be
inspected, cond&t&oned nnd all load co&ls rcmove&L

11&e RCG gets around thc 56 Kbps POTS lunitalion as
well as the DSI. problems by using the standard VO1 S lines
as they are. and not requinng any additional equipment to be
installed at the Class 5 end of the VO'I'S line 'I'hi ~ techn&que
simplifies deployment and drastically cuts costs.
Multilink PPP Connections:

Rcfcrring lo FKi. 7, the RCG uuplemcnts broadbm&d over
POTS by employing an 802.11 b,'g wireless intcri'acc to
confi ure a multilink VVP bundle 87 (per RI&C 1990)
comprised of the PO IS lines connected to up to 32 RC(is.
'I'he limitation of 32 R(Xrs m a multilink VVV bundle is an
arbitrary number and can be scaled up or down as requ&red
to support chan es in network equipment capabilities An
802.11b/g u&ter(ace~7 &s shown as ihe prefi:rrcd mnbod&-
ment, s&ncc &Is 11/54 Mbps &ntcrfacc &s co&widcred sufiicmul
bandwidth at tlus ume also, ils tmnsnuss&on d&suinccs are
sufficient for implementation of this device, as opposed to
other shorter ranged wireless transinission schemes. I Iow-
ever as time goes on, some other wireless interihce may be
more desirable. There is nothing special or specific to the
802.11 wireless &ntcrfncc that makes it parlicularly su&tcd to
&itis dppl&cal&on. An)'&rclcss hilclfacc schcnn: ciu& bc usi'.0
lo implement llus dev&cc.

'lhe 802.lib/8 ntterfacc 88 on an individual RC(i is also
used to provide a peer-to-peer wireless home nenvorking
environment to other 802.11 compatible wireless component
within the residence (such as a hand-held computer device)
wh&lc dc&tug Bs Bn Blwavs o&i ihalup I&i&cruel gan:wd)'ver
thc POTS luu: 40 for the other w&rcless devices. An RCG
that &s Iransfcrnug a very large Iile can requesl Ihe serv&ccs
of 31 (in this embodiment) other R( (is to assist in the file
transfer using the&r respective VO'IS lines A single R('(i can
therefi&re ain the combined bandwidth of up to 32 POTS
lines transferring tksta at as nn&ch as 56 Kbps each to transfer
infonndiion. Tlus &s roughly cxluivalent lo a lrm&sier rate of
1.79 Mpbs &n thc inbound direction (inwards Ihe RCG) and
dpproxunalcly 1.075 Mbps in thc outbound ihrection (to-
wards the PS I')

'lhe nndtihnk PEP connecfion~7 is initiated bv an RC(i
when it determines that the file (or streaming service) that it
is to doivnioad (rece&ve) &s of suflicient size or requ&res a
nunu&inn& iu&iounl ol bBudw&ihh lo fi&st&iv thc nse of
muhilink PPP corumct&on. Tlus detcrnundlion can be made
on many difii:rent cnterni such as thc Iilc s&ze, type of data
being transmitted, the type of con&pression if any. a ()ual&ty-
of-Service requirement or any other pertinent iiliornlation.

(Since a certain amount ol'ovcrlmdd m requ&rcd to set up a
Multilink VVV connection. it doesn't make sense to use it fi&r

small or low data rate trm&sfers.)
Multilink VVV Bandwidth Allocation and Initialization:

Referring to Flfi. 7. Bn RC(i 85 that decides to initiate
a nuit&link PPP session with a remote computer i.e internet
URL, rcqucsls a mulul&nk PPP sess&on w&lh that URL
resource via Lu&k Conuol Protocol (LCP) session manage-
nlcnt. 1 he 0» t&Bfiilg RCG 85;&&id thc I'eiuotc scrvci'oi&1-

In puter (not shown) will neaotiate the pertinent multilink
paranieters such as compression, packet size. sync/async,
link quality monitoring, bit stufiing etc. As part of a suc-
cessful nndtilink PPP session setup, the initiating RC(i 85
rccc&vcs a mull&hnk PPP session ID, or "mag&c number".
wh&ch &s used lo nlm&ufy llus parucular muhilink PPP
session m&d is also used for adding or removing links from
the multilink bundle~7. Once the multilink bundle is
setup, the initiating R( G~5 be ins data transfer across its
POTS interface 90 with the far end computer system. The

zo in&t&ating RC(i 85 then looks up the addresses nf up to 31

(in this cmbodimcnl) other RC(is &n &ts router tables to use
fi&r thc nnihilu&k PPP transfer. (If a Nc&ghborhood Access
Point is available the R( (i could request service thmugh it
instead of setting up a Multilink PVV connection see I'l(i
8) 1he initiating R(:G~5 deternt&nes the munber of
remote RCGs 86 that it wants to use to get the desired
bandwidth for the transfer and sends mult&link PPP service
rcqucsls v&a the 802.11 b/g wirclcss connect&ons 88 lo thc
selcctcd remote RC(is 86. Thc sclcclcd remote RCGS~6

so respond back to the initiatina R('(i with either an acceptance
or denial of multilink VVP serv&ce request. 'I'his decision is
made based upon the remote R('(i's currently available
POTS bandwidth and the current local demands for that
bandwidth. The remote RCG 86 makes a decision to

ss part&cipalc in a mululink PPP scrv&ce for an u&itiatu&g RCG
if &ts POTS 1&nc 91 hds a current average bimdwiddi
uuh&nit&on of less Ihan some arbitrary l&mit such as 8 Kbps
to 16 Kbps 11iis 8 Kbps to 16 Kbps bandwidth utilization
represents about tivo concurrent voice conversat&ons using

do standard ioice compression tecluuques. or snme small
amount of data transmission occumng on the remote RC(i'
POTS uilcrfacc 91 or a combuiat&ou thereof. Assumuig
that the rcmotc RCG~6 luis a modem co&u&ccl&on spend
somevvhcrc between 33 Kbps lo 56 Kbps. tlus would leave
approxm&ately 17 Kbps to 40 Kbps of VO'I'S bandwidth that
the reniote R(:G~6 could otTer to the in&t&sting R('(i 85
for use in its nndtilink PPP bundle 87. Of course, if there
is no activity on the remote RCCI 86 POTS line. then the
enl&rc bandwidth v &11 be used for the multil&nk transfer. If

o the remote RCG~6 accepts the mult&link PPP scrv&ce
request from thc itulmtmg RCG 85 &I also sends &ts cur-
rently available bandwidth on its VO1S line 91 that the
in&t&sting R(:G~5 will have available to &t for the multilink
PPP transfers. The initiating RCCI then selects which of the

ss respondin remote RCGS 86 it w&ll use for the multilink
PPP bundle~7 and sends them a mull&lu&k uutiahzat&on
packet containu&g Ihc URL ol lhc dest&nat&on as well as thc
multilu&k PPP sess&on ID (magic number) and any other
pertinent information required for the remote R( (i to join in

in the existing multilink VVV bundle~7 I:ach remote R(XI
POTS interface 91 participating in a multilink PPP bundle,
represents a logical "link" in the initiat&ng RCCi's multilink
PPP bundle~7. Thc rcmolc RC(is 86 then send a mul-
t&1&nk PPP packet (over their respect&vc POTS 1&ncs 91) lo

ss the dcsluiat&on URL w&th the mult&link PPP session ID and
request to be added to that mull&link PVV bundle 87 1'he
destinatinn URI, accepts the request of each of the remote
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RCGS~6 and bcgu&s scndulg data packets to mich over
their respective POTS hnes 91 When the renxhte RC(is
86 receive data packets sent over their respective POTS
lines 91. that are destined for the multilink VVV bundle
87. they simply relay the data packets over their 802.lib/g
interface 88 to the in&tiatin RC:(i 85. It is the responsi-
b&hty of the unt&at&ng RCG 85 Io pcrfonn all housekeeping
tasks associated hh &Ih the nnilt&lulk tmnsli:r such as delect&on
of lost packets and data packet reassembly, if tlmse functions
are required. qyp&cally. Inst packet detection and retrans-
nlission and reassembly are performed at higher OSI layers
by the requesting software such as a browser. The remote
RCGs 86 are simply data transport nodes Bnd do not
pc&fora& tiny'lata proccssulg on data luce&veil ove& &I nlul-
ulink PPP bundle des&&ncd for another RCG.

'lhe initiating R('Ci~5 of the multilink VVV bundle 87
contimmlly monitors the bandwidth of each remote
R(:(I's~6 multihnk link which together comprise its mul-
tilink bundle 87. When the available bandwidth for the
multilink PPP link of an individual remote RCCr'6 falls
below an arb&trary m&rumum sct by ihe mit&atm RCC 85,
thc irutiating RCG~5 instructs Ihe ofli:nding remote RCG,
via its 802 I lb/g wireless interface~8, to renxhve itself
fmm the multilink bundle 'I'be remote R('G~6 will then
notify the remote con&puter (IJRI ) to be removed as a li&nk

in the current multil&nk bundle on which it is participating.
Alternatively, a remote RCCi 86 can inform the init&aring
RCG~5 of local demands on &Is POTS bandwulth. and
rixpicst that the &n&bating RCG 85 rcmove &I (Ihe rmnotc
R(:(1~6) fmm the partic&pation in the initiating RCCI's
multilink bundle~7. 'I he remote R('(i 86 will not uiu-
laterally remove itself fron& participation in a nniltilink
bundle hvithout pnor notificat&on to the Initiating RC'(i 85.
The renulte RCCi 86 must get authorization from the
imtiating RCG 85 to remove itself from Ihc bundle. s&nce

thc ulitiating RCG 85 w&11 have no way oi'knowmg &f the
loss ol data from that remote RCG is due Io some sor! of
failure or from the remote R(XI simply removing itself front
participation in the nlultihnk bundle~7 Also. fi&r serv&ces
that require a mininu&m Quality of Service (QOS) such. as
streanling video„ the initiating RCCi 85 needs to conrrol
the multilink bundle~7 bandw uhh, mid &t can not do that
il'rmnote RCG1~6 drop out of Ihe muli&link bundle 87
Bt w&11. When a remote RCG 86 requests Io be removed
fmm partic&pation in a nlultilink bundle 87. the iiut&sting
8(:(1~5 nlust in&mediately grant the request If the in&ti-

ating RCCI 85 were to not pant the request. then the
remote RCCI 86 could. &n worst case, delay or drop incom-
ing mult&lulk puckets dcstincd Ibr the uuuatulg RCG~5. If
tins were to happen, thc i&ut&aun RCG~5 w&11 have
nnssing packets aud could over run its rcasscmbly bull):r (&f

reassembly is heing perfi&rmed by the RC(i) causing cata-
strophic data loss and potentially have to restart the entire
transmission. In the least case, the initiating RC(i 85
hvould have to in&tiate retransmission of potentially many
peel ms hhhich &t assumes Io bc lost, but may s&mply bc
dclaycd by thc rcmotc RCG~6. Once a remote RCC 86
luis been remov cxI Ibom part&c&puting in a muit&link bundle
87. the initiating R( G~5 w&ll then look up another remote
RC(i in its router tables that can be used to participate in the
multilink PPP bundle 87, and request that the new: remote
RCG 86 to jo&n the existin multilink bundle 87. This &s

necessary to ma&ntuu& a nnn&mum Quality of Serv&cc. S&nce

RCGs pnout&zc their bm&dwulth rcquircmcnts based upon
their ohh n **local" service rcqu&remcnts, their part&c&pat&on &n

any multilink VVV service is available only to bandwidth that
is not required for its own current local demands. 'Il&erefore,

a rcmotc RCG*a/~86 bmldw idth that is ava&lablc for multi-
link services can chm&ge at any time 1he dynamic reassign-
ment of re&note R('Cis that participate in a multihnk bundle
is also required to prevent a remote R('(i 86 from receiv-
in packets so slohvly that the originatin RCCi 85 inter-
prets th&s delay as lost packets. When the initiating R('G
85 dctcnnincs that a packet has bccn lost, and it &s

pcrfi&nning packet reassembly, it will. &&sell', rcqucst that the
remote coinputer retransnlit the lost packet The initiating

io R('(i v ill not ask any remote R(XI 86 to perform retrans-
nussions or any other kind of data computat&ons or manipu-
I'It&i&BS.

Refer to FIG. 8 for the follogin discuss&on. In areas
where thcrc arc cxisung 802.11 network cqu&pmcnt such as
Neighborhood Access Poult 93, or where there &s suliicicnt
bandwidth requirements fmm an installed hase of R('(is to
v arrant the deployment of a Neighborhood Access Point
93, the R('(is will autonlatically detect the presence of the
compatible neighborhood access points and reg&ster with

zo that equ&pment fi&r transport services. In this case, an RCG
has m& altcmative broadband sar&ice route &n add&tion to Ihe
mult&huk option. An RCG c;m commurucatc directly w &th a
local 802 11 Network Access Point 93 that is connected to
the PSTN or another carrier's network via some sort of high
bandwidth backbone such as a '11Carrier or optical carrier
connect&on (Tl, T3, 0("3, OC:12 etc ). The RCGs can
conununicate directly with neighborhood access points at
thc&r full 11,'54 Mbps data rates to prov&de up to 01st lull
bandkvidth Io thc user. Tlus funcuonahty &s, of course.

Io subject to the Network Access Point 93 allowing access to
its resources to the R('(i according to the 802.11 wireless
pmtocol

This architecture is important since it provides an avenue
to rel&eve the local class 5 oflices of congestion that can be

li em&sad by a w&dc spread dc7&)oymcnt ol'CGs w&thin Ihe
class 5 serv&cc arcs. Sulcc each RCG requ&res a constant
24/7 modem connicuon, Ibis t&es up thc class 5 switch ul B

faslflon tlmt it was not designed for 'ibis could lead to
wholesale class 5 oflice expansions which would be

So extremely expensive. and potentially prohibitive for the
Local Exchange ('arriers (LECs). By deployin neighbor-
hood access points that operate at 54 Mbps (802 I la/g), in
areas where the RCG concentration starts placu&g too high of
a demand on Ihc local class 5 oflice, Ihc bandw&dth from thc
R('(is can be agpegated by the neighborhood access points
into lar e capacity backbones to relieve the sw&tch conges-
tion. In this case, the RC(i POTS interface 40 can be used
solely as a lifeline connection„or v, hen the 802.11 wireless
LAN &n wh&ch the RCG res&dcs &s congested. With tlus

o hnplcun:a&at&on, voice calls w&11 bc cri&ruxl over the wtrelcss
interface as opposed to thc POTS interface on wluch they
would normally be carried. Also. the R('(i n&odeu&~l
cmtnected to the POTS interface~(l would not need to
maintain a constant always on connection, it could be a

1. dialed on demand connection Bnd thereby rel&evin the local
class 5 oflice switch.
Bounc&ng or Hopputg Tratflc:

Refer Io FIG. 9. In areas where the dm&s&ty ol'RCGS is less
than the arbitrary mimber of 32 R('(is within its transinis-

io sion radius for nlultilink connections, the R('(is can lx&unce,
or relay, the data trafflc between each other to reach other
RCCis located farther than the RCCis hiireless tmnsmission
area Sulcc the POTS data rate of 56 Kbps &s nuniscule as
compared Io the ll/54 Mbps 802.11b/g transfi:r rate, Ihe

Si ovcrhcad associated w&th bounc&n th&ta trallic is not a
em&cern. 'I'his will allow for the fastest puss&ble data transfer
across VO'lg lines for every R('(I user
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RCGs can also communicate directly wuh ml 802.11a
Neiahborhood Access Point 93 device /such as that used in
VVI-1st netv orks) that ls connected to a data nenvork con-
nection such as a l)S3 or OC3 service via a Metro Access
Point. Where an RCCi has access to a broadband device such
as an 802.1la type device, either directly or via a bounced
signal across scvcral RCGs, a lhrect lugh spectl data con-
nection cml bc used to transfer large Iiles. Whml an RCG ls
comnnmicatlng directly with an 802 I la device, data trans-
fer speeds up to the full II/54 Mbps can be achieved to
speed video tmsnsfers for such applications as video on
denland.
RCG Router Tables:

lhc RCG coutulually monitors lls 802.11b/g wireless
interface for transmisslous Iyom ottter RCGs or 802.11a
Access Points as well as other 802 I lb/g wireless devices
within the residence 'I he R( (i pmvides a ineans to identify
and store the addresses of other R('(is and Neiahborhood
Access Points witlun its local area. The RCCI creates routing
tables, natch like an IP router device, so tllat it knows which
RCGs arc local to itself, and how many hops will bc needed
to reach thc maxunum oi'2 POTS lures or a Neighborhood
Access Point. 'I'he It('(I can then determine how to route its
data transfers to gain the nlost efficient routing, and network
etficiencies.

The router tables in each RCCI are continually updated by
monitoring the 802.11 fmmes received from other RUGS or
Nctwllrl Access Pohlnc Thc nllnlbcr Llf cnnlcs ul lhc loilu:r
tables can bc lunllcd to au arbitrary munbcr ol other RCGs
but contains roon) for at least 32 entries. I'or each 8( (i hated
in the muter tables, certain information is kept such as signal
strength. if the other device is another R('(i or some other
802.11 compatible device, it the other RCCI is reachable
directly, or if it is accessed via another RCCis by hopping In
thc case there RCCi hopping is uslsk ttte SMrcss of each
RCG illa( is hopped ls stored ul the routing table. When an
RCG is Iirsl powcrcdt up, lt monitors lls 802.11 ultcrface for
a period of time to identify other R( (is or Neighlxlrhood
Access Point devices, or other Wi-I'i devices v ithin its
transmission area When first deployed, the R('(1 will not
have any entnes in its routing tables. This condition can
persist for some tune, unnl tmothcr RCG or ottter 802.11
dcvicc is deployed within thc former RCGs transmission
r;mgc. In llus state, the RCG can bc used for wireless
netlvorking lvithln the residence, connecting the local conl-
puter to the R('(rs ahvays on Internet connection as well as
to other wireless devices w ithin the home. When an 802.11
frame is received by an RCCI that contains the address of an
RCG whose address docs nol exist in lhe rcmclvulg RCG's
router table tas ls thc case when a new RCG is Iirst
installed), lhc reccivulg RCG polls thc trmlsminmg RCG for
its muter table information 'I'he received router infornlation
is reviewed for other R('(i's or other 802.11 compatible
devices that are not listed in its own router tables. A decision
is made to use some„all. or none of the new route infomla-
non in lm router tables Thcrc ls no real limilalion on thc
number OI'CGs that cau bc "hoppctf'l order lo build a
complete router table or to reach many morc RCGs, Neigh-
borhood Access Points or Metal Access Points
I.quiplnent slid Services Pnorities:

Just as voice has priority over data transfers within a
single RCCi„ local RCCI traflic (both voice and dam) has
pnorlty over remote transfhr rcqucsls by other RCGs. If an
RCG is currmltly using all OI'ls available POTS bandwidth
for lls own purposes, it will deny any remote RCG's rcxtu cat
for access to its POT) line Only when there is available
PO'lg bandwidth available will an R('(i allolv other It('(is
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access lo ils POTS linc. Il will, howcvcr, bounce thc trailic
to other R(.'(is v,ithin its transmission area if requested by
the ori inating RC(i In this case, available wireless band-
v idth of any R(Xi tthat anlount of the lt/54 Mbps not
currently used for its own trafiic) can be used to relay tmsflic
between other R('Cis that do have available POTS band-
wullh. In the same Ibsluon, excess wireless bandwidth of
any RCG can bc by other RCCis to access lugh sperM
backbones via Neigilborhood or Metro Access Points.

lo RC(is can also access other 802 11 wireless networks
(Wi-lli thr example) that happen to be deployed within their
service areas. In this case, access agreements between the
RCCi service provider and the wireless network opemltor
must be pul into place. By remaining companbic with thc
802 11 standards, thc RCGs capabilities will bcuciit by thc
gmwing WI-Ill network infrastnicture. an the WI-I'I net-
v ork will benefit by the IEC(i network
Voice Over PO Ixg and l)ata Over Wireless

Normally. all comnumications from an RCCi will be
lo trmlsmitted over the local POTS line. or a nudtilink bundle

mtulc up oi'many remote RCG POTS lines. By dcfauii, all
voice calls will be earned ol cr the **local" POTS lute 40
to alleviate security/privacy concerns and only "data" will
be trmlsnlitted via multilink bundles. (ienerally, since voice
"data" is coinpressed locally by the R(Xi, the required
bandwidth fhr a voice call is so small that it does not make
for a good choice to route it over a nulltilink connection.
However, il is possible to route voice calls cntirciy over
another RCGs POTS lute. Il is also possible for an RCG to

lc transnlit voice data over PO1S lines connected to other
R('(is via nndtilink bundles or directly over its 802 11

v ireless interface, and since the 802 11 speciticatlon does
support the Wired Equivalent Privacy tWEP) specitication,
a secured connection can be made in this fasiuon.

ls Rcmolc I)pgrtxlabihly
Thc RC(l is designed with the capability Ihr unassistcdt

remote upgradability. The remote up~adabihty Ibalure ls
not the same as the storing of operational paranleters during
the configuration process 'I'his feature allows the system

so operator to add new features as they are developed. or to
correct bugs remotely and without the users tolowledge or
iuvolvmnent. This Ii:aturc can also be used to install a
complete ncw operating syslmu tOS).

Kcy to thc successful implementation of thc Remote
upgradability feature is that a completely fail-safe mutine be
inlplenlented that can recover front any failure during the
upgrade process and to re-initiate and monitor the upgmsde
process until it has successfully completed. This process is
cerned out by loadmg a bout loader program that is storcdt

o iu non-volatile memory. Thc booi loader progrmn pmvldcs
the nniumum capablllucs lo start up thc RCG and coiulccl
into the system operator's diagnostics network to dov:oklad
fixes or a nelv OS 'lite boot loader progranl is technically
part of the OS. but it cannot be over written by any upgrade

ss process. It is responsible for detecting failure of the RCG
and irutialing a connccilon lo lhe diagnostics network Once
connlmtcd with thc diagnostics network, thc boot loader will
provide diagnostics support to help correct thc RCG's
openltion and reconfigure the OS

ro What is chlimed is
I A comnuuucations device that is capable of providin

broadband communications services. comprising
at least tule cluulcclloll fol cilllllccfing lo ti coululllnlcs-

tions network:
Ss at least onc wirelcss interlace for cotulccllng wlrclessiy lo

at least one remote communications device; and
a pnlcessol'hat
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rcqucsis Ihc ut least onc remote communications device
to assist in transferruig data,

sends a request to the at least one renuite comnnuiica-
tions device for availability for participating in a
nniltilink conmninication,

if available. sends control information through the at
least one remote commuiucations device for partici-
patuig in a multilink connection,

receives packets froili the at least one reiiiote conlmu-
nications device, and

aggregates the data fmm the at least one remote cont-
munications device with data transfers from the at
least one connection to increase data bandwidth for
tile collllllilllli atlolls device.

2. Thc conununicauous dcvicc of claim 1, wherein the at
least one remote communications device is at least one of a
residential contmunications gateway. a cable nuidem, a
digital subscriber line. a wireless device„a neiahborhood
access point device. a Wi-Fi device and a cellular phone

3. The conmuuucations device of claim 1, wherein the ic
commumcauons network is at lcasi onc ol' public wired
network, a private wired network. a public v,irelcss ncnvork,
and a private wireless network
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