WD 99/ 04534
PCT/ US98/ 15038

NETWORK

PO iy

METROPOLI TAN g
PCT This wqrois CTWAL BROPERTYEORGANEZAI®N ©f | T OT NG
States Provisional application, Seria unber 60/ 053, 210, entitl ed
ABPLICATION; PUBLISHER UNRER THE PATENT COORERATION TREATY ®CH) o

" Met r opol_i tINFEBNATIO

~mul timed
Art 2(
. poi nt ng

syst ens

.| (75) Inventor/Applicant (for US only: ZENDLE, Allan, M.

above 18§ ¢fifsernifibualHatet@hssiiéationd: on Jul Y 271} 11)8Rrhational Publication NBMEAKGROUNRO 9904534
1. Technic ey, Thaldr esent disclosure relates to a
met r opolfi tg?lwwlg)eﬁ%lr!%?zl%‘{ work for “3) ication Paty 5128 fapsag 1999 (38.01.99)
particullar, this invention relates to thelintegration of a wreless
.poi Nt t  @AATnterpatippe} ApplicaipaXumnbers o o r RCPUY15HRE { 0 w@ ﬁggq; G, BR,
range Wi {2 imtmakona Fring bdtd: €1 | | 9@Njuy 198§ OPGH| t an akcaM, RUOBADAE P, RF &R, KZ, LC,
“network |to enable a variety of enhanced LE,ARJe, LTHEW, bV VB, MG.OMK, MNMW, MX,

nmuni cati on servi ces.

b g S R R

Dt py g DYkaione) Nt - 4bo “Lémma%%'i?‘&@s‘é@‘fmw
ir row band and point to poif nt i pean patent
: 1 B -CY, DE, DK, GB, GR, IE, IT,
HiFroHRINE [ ab Yesls P W hres BV, Ak | POLH ot RETPD 'SE), OABY paent (BE, B3, CF, G, .
COMMUNICATIONS, INC. [US/US]; 230 Park Avenus, CM, GA, GN, GW, ML, MR, NE, SN, 'TD, TG).
New York, NY 10169 (US).
(72) Inventor; and Published

With international search report.
[US/US); 12017 Hamden Court, Oakton, VA 22124 (US).

(74) Agent: DILWORTH & BARRESE; 333 Earle Ovington
Boulevard, Uniondale, NY 11553 (US).

(54) Titlee METROPOLITAN WIDE AREA NETWORK

SERVICE
NODE LAYER

4
[\
>18GHZ

POINT TO MULTHPOINT
:Mmmg ACCESS)

INTERNET SERVICE NODE LOCAL TELEPHONE

LONG DISTANCE
SERVKCI SERVICE NODE

E NODE
(57) Abstract

A wide area communication network includes at least two hub sites which are interconnected by a communication backbone. Each
hub site provides millimeter microwave wireless coverage in at least one sector. At least two remote sites reside in each sector and are
coupled to a corresponding hub site via a point to multi point broadband millimeter microwave wireless system. The network preferably
includes at least orfe service node which is accessible to the remote sites via the hub sites and backbone.




technol ogy is also a known technol ogy which has been generally used for

nar r owband WO 99/048%muni cat i ons, such as voice. Narrow baRCTASS¥EIS ar e
typically systenms that are capable of generating at or bel ow 1.-544
megabits per second of data in a single circuit or channel, whereas 2 5

br oadband systens are capabl e of generatlng data rates above 1 544 negabits
per seconds per circ . "point to
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line." However l'ine is still considered a narrowband
“facility when rreleccsnmmehtmSyﬂppehqvedﬁlﬁﬂzq’o’lv@waé@edonJuly?dhb?ﬂ?a S.
Narrowband point to nulti point systens have al so been in use in Europe for
" voice t el ephone networks for several years. 5

“"Poi nt - t 0- poi nt BACKGROUNDechnol ogy -is al so well known. Above 18 G gahertz
“(mllimeter mcrowave frequencies), and especially in the 37 G gahertz or
"GHz" to 40 GHz range (typically referred to as "38 GHiz"),

poi nt -t o- pegi ntﬂ.ﬁ%ﬁmﬁngﬂ_rel ess systens are in use. \Wen such
- breadband w rel'éSs T1 nKS are engi neered properly, their performance is 10
functionally equivalent to that of fi ber optic tel ecomuni cati ons.

Fi xed wirel ess techpgl o s of 18..CGHz . nda gai ni ng
popul arity F&% &’f%? sasxf‘WPSPtanlleco %ﬁ%g%h%on services
because of its téledtmiRmicatio§isims. Inparncuw;ﬂﬁahbmommmdo trdstegrhtionxfuatiteluss

Connecting two sites with, point-to-point wreless service
g point to multi pomr% system operaFt)mg Pn the nulﬁmeter m?crowave radio range with an

15 intelligent metropolitan area broadband backbone network to enable a variety of enhanced

voice, broadband data and multimedia telecommunication services.

2 1) t

20 In the art, point-to-point narrow band, point to multi point narrow band and point to
point broadband fixed wireless systems are generally known. Point to muliti point radio
technology is also a2 known technology which has been generally used for narrowband
communications, such as voice. Narrow band systems are typically systems that are capable of
generating at or below 1.544 megabits per second of data in a single circuit or channel, whereas

25 broadband systems are capable of generating data rates above 1.544 megabits per seconds per
circuit or channel. 'While narrowband “point to multi point™ systems have been used for voice
communications, point to multi point systems have not been generally applied to broadband

telecommunications networks. -

30 Today’s narrowband point to multi point systems can aggregate a group of up to
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| i ne-of - si ght Wﬁ‘?‘r ansm ssi onh. | éryapr act Fce, snﬁ‘ﬁl eras ter gf’#gnnas ar e«
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di amet efs MaatHeBCdokists 6f inftalling 100 £liof afitentia®oithi itdProf!twd beiRlings Avitithe ( MTBF)
statistics in excess qof 10 years for  the radio and

accompanying indoor equipment. Physical wires do not have to be connected between the

buildings, representing a significant advantage over copper or fiber technology. Bringing

fiber or copper to buildings entails tremendous labor and other costs associated with digging

up streets, obtaining permits, etc. Because the deployment of broadband fixed wireless

20 systems does not require civil construction in most instances, it is thus faster and more
economical to install than traditional methods of “last mile” interconnection in metropolitan

area telecommunications networks.

Current fixed wireless technology operating at frequencies of 18 GHZ and above
25 (millimeter microwave wave) has a number of characteristics that make it an attractive
commercial telecommunications transport medium. Fixed millimeter microwave wireless
technology provides a high bandwidth path for voice, data, multimedia and video. Current
technology permits link distances of up to five miles. Since all millimeter microwave
propagation is subject to rainfall degradation, actual distance is a function of geographical
30 location or "rain region.” In climates where heavy rainfall is common, shorter link distances
may be required to achieve performance and availability equivalent to that of fiber.
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point-to-peint mlli rreter m crowave technology is also being used
to-provide mssion critical E_)r ot ecti on channel s and ot her
poi nt -t o- poi nt al t &neLxamplsg Wgwah@r@eseweh@mmt b@adiyqé coraperciabapplicationds

network to a I EE’%

i nterconnecti on vmterﬁonlnﬁ %ugﬁl I C SW tcﬁ caﬁﬁﬂu\é% t el ephone n%ﬁoﬁeﬁg%
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Figure 2 ig| usnécnéa@ﬁ adcdif i xﬁtepexehhrgte@mﬂeﬂsmmmh@aﬁse%ﬁed Providers (ISP4)dha g
cust oner i nt erconnection to services. This connection will support

br oadband (dat %fher\ﬂtaﬁbteé?‘@sﬂ WE are WWP?W%@FS&W@Wl ®ns. A
::;Js;[ grrg(r)nﬁglc![ cej%‘n'tgltl)1 ano?ﬁ bur [ di ng 202 t at %E‘é%p%mt e cg?(#lnl#uoﬁ{ll%laétﬁﬁégt >
3 (PCS) operators may deploy high availability wireless facilities in a millimeter microwave
range in their backbone networks to support back haul between antenna sites, base stations
20 and mobile telephone switching offices (MTSO's). Wireless point-to-point millimeter
microwave technology is also being used to provide mission critical protection channels and
other point-to-point alternate routing where extension is required from a fiber network to a
location that is not served by fiber. Finally, interconnection with the public switched
telephone network (PSTN) for the provision of local dial tone by competitive local exchange
25 carriers (CLECs) utilizing point-to-point millimeter microwave wireless technology is

becoming increasingly popular.

Figure 2 illustrates a basic point-to-point wireless facility providing customer
interconnection to services. This connection will support broadband (data, video etc.) and
30 narrowband (voice) applications. A customer building is shown as 200 and may contain

multiple tenants. It is connected to another building 202 that houses a telecommunications
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are separated by Figwe fiiga wpresentation ofguexemplany system defined changeliped spegtrumm ub

Cub ohar el PEHHAHSr IR RS ity et SR e, Fof PEART, ug BT

Iﬁ\ is lse@?r a%pgmmmmmﬂmmpmﬁwmmv@mgapmmmﬁmﬂs 13 a8
channel s (14 ) ~or 0 ctrum | e, FCC. ocat e :
o0 G 1 afreistsaf M otal chacele Fah chantel 3 100 Rfpgpiete Gl dn proghidth ERch 400

establ i shed {aKicHahael B&dist ftwo 50 MHZ bt chi¥BieR! orl¥isth EHYANE to transmit and hE GHERACI €S

as well, including 24, 28 and 40 G4z in the United States and 23 and 26 GHz-
in 20  Eur $ichams) toagagivs) Faess fworMHE sy chamnaissresenerated by 7OMBA afed

States) specids sALQ(o%'iXF}%ure}brub P?A?s%'l\ﬁﬂévﬁhé‘&'d?ﬁ@?% ik de
spectral bl ocCk. wever, suclt a ock spectrum al'l'ocation can be

subdi vi i®d i ctiannelywhereas sulf chamet] tB isrSONHEZ wide andlif ie 2 ecceiing shanaelr Sabikhianhel t hat
shown in Figure 3. ferr] t.Q.Figyre 4 asi c spectrum
managenent p%lﬁ s@m’ﬁt&%g’gﬁnﬂﬂéﬁmﬂﬁl ﬁgt"wgr ob}ggz This ﬂ’a% p@p yffggr‘]‘? -"6"6‘-"516 Eln@
Wi rel ess syshMHBor 14 GHEPHT Siecthink RthéFEQO allscae@ 33 16 0. GHE rnge ISTHHIRE frédhiehcy
allocation as, illustrated in Figure 3 i.s show. Because buildings are cl ose
t o each ot hefhanpel étl_locauons can be established (and planned) in other millimeter microwave

frequencies as well, including 24, 28 and 40 GHz in the United States and 23 and 26 GHz in

20 Europe. For example, in the 28 GHz LMDS band (in the United States) spectrum is largely
allocated in a single 850 MHZ wide spectral block. However, such a block spectrum
allocation can be subdivided into system defined channels, to achieve the same result to that

shown in Figure 3.

25 | Referring to Figure 4, a basic spectrum management problem associated with the use
of point-to-point wireless systems in a metropolitan area using a channelized spectrum
allocation as illustrated in Figure 3 is shown. Because buildings are close to each otherina
metropolitan area, the broadcast of information over wireless links may overlap, making the
use of the same channel (1A/1B) in contiguous systems impossible. In this figure, one

30 antenna from one building is transmitting its signal to the antenna of the intended receiver, but
a portion of the signal is also being received by the antenna on the adjacent building, Such
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15 transmission from neighboring systems using other frequencies is ignored.

The frequency management technique shown in Figure 4 avoids co-channel
interference in wireless networks deployed in dense urban areas, however the use of additional
channels to avoid co-channel interference does not maximize the information transport

20 capacity of the licensed spectrum and is therefore inefficient. A solution to this problem is
needed.

Figure 5 illustrates an additional spectrum management problem associated with point-
to-point systems. Building 501 connects to Building 502 through channel 1. Building 503
25 connects to building 504 through channel 2. The solid connection lines 505, S06 represent the
wireless transmission that is intended. However, because the “transmit beam” is about 2
degrees at the source, signals can be received by other systems that are not planned but happen
to be in the range of the transmit beam of the originating system. The dotted line 507
represents such a case, where the system in building 4 incorrectly receives the transmission of
30 the system in building 1. If two distinct frequencies were used, there would be no co-channel

interference. Once again, frequency management in point-to-point wireless networks requires
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poi nt -t o- poi W rel ess networks requires
3 .10  space avhiléble foreach anteriraion lties rodfalso ebmstrhins the autibervf eystepiscThig, 4 at her
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Point-to-point systems provide users with what is called a full period connection. Full

15 period connections are “always on” (connected and active), 5waiting the transport of
information. Full period wireless connections utilize dedicated spectrum which, once
assigned, is unavailable fo other users. Point-to-point wireless systems are therefore
appropriate for applications involving continuous or lengthy transmissions. Point-to-point
systems do not efficiently support variable bit rate or “bursty” data services where the

20 requirement for bandwidth is not constant but rather variable. Bandwidth utilized by point-to-
point systems for variable bit rate applications is wasted, as each system utilizes the allocated
channel on a full time “always on” basis regardless of the amount of information or the
duration of transmissions on the link. A solution is required to more efficiently utilize
spectrum for “bursty” data services like LAN to LAN data transmission.

25 .

It is an object to create a “full featured” local metropolitan area broadband
telecommunications network infrastructure capable of supporting advanced voice and data
services.

30 It is another object to use fixed wireless telecommunications technology as a key

enabler of broadband local access to a metropolitan area telecommunications network offering
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It is an obj ectetwarksreate a "full featured" local netropolitan area

br oadband t el econmuni cati ons network infrastructure capabl e of
supporti nb5advanced voi ce and data servi ces. 30 It is
anot her object to use fixed wireless tel ecomuni cations technol ogy as a key
enabl er of broadband | ocal access to a netropolitan area tel ecommuni cations
net work of fering 6

SUMMARY
20

In accordance with one form of the present network, a wide area communication
network includes at least two hub sites which are interconnected by a communication
“backbone Each hub site provides wireless coverage in at least one sector. At least two
remote sites reside in each sectors and are coupled to a corresponding hub site via a point to
25 multi point broadband wireless system. The network preferably includes at least one service

node which is accessible to the remote sites via the hub sites and backbone.

In accordance with another form of the present network, a broadband local
metropolitan area telecommunication network provides fixed broadband wireless local loop
30 access to a plurality of subscribers. The subscribers include a subscriber radio unit operating

on a millimeter microwave band frequency corresponding to a cell sector in which said
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advanced voi ce and data services. It is an object to
maxi-m ze t heW®dP453¢at i on of al |l ocated spectrum avai |l abl e ipcThusossoss

nmet ropol i tan area broadband tel ecomuni cati ons networks. 5 -

It is an object to overcone the spectrum managenent limtations associated

with the subscripgrregifesy dit lpast:age piyhe subseribers has e plusality ofdssosistedienstomet ons
systens. : o ' ' EB‘@' , A% I ]:l '! ﬁ@‘ f
multiple c haPners e?%lp‘aﬁt\?eﬂ ié‘é‘é‘??‘?@“ﬁﬁ? toﬁg%{mr cﬁ(}g%lgélﬁ}f bé fgh cgl
met r opol i t anplaratity dftcostoiherprierhist epnipmentthe sibsariber radib wnit. k The network includes a
It is an object .t I i mi t he nunmber of wreless.teleco i cation
systenms req uPlf'@thQh‘gI sites Wllzi B m#@%ﬂr"gwﬁé’aﬁ@é@sb% b sites
met r opol & t anjnefudea PrufMPErAb bitd 1AGI0 NIHE WIS optfite on a selectab Hed@nkpwitd t least
SUWARY 20 . I n accordance with one formof the present _ .
net wor k, a wprpsadipagit cermspendingite apell sector. The hub sites further include means for
dynamically allocating communication bandwidth among a plurality of subscribers within
each said cell sector. The network preferably includes a plurality of value added service nodes
_ which are coupled to the backbone and are accessible to subscribers through the hub sites
10 and backbone. The network further includes a central operations node which is connected to
each of said hub sites by a control network and provides remote access and control of the hub

sites as well as remote control subscriber access to the value added service nodes.
These and other features, objects and advantages of the present network embodiments

15 will become apparent from the following detailed description of illustrative embodiments
thereof, which is to be read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

20
Fig. 1 is a pictorial diagram illustrating a local metropolitan area broadband
telecommunications network utilizing fixed wireless point-tonoint systems operating at 38
GHz to provide customer access to a local metropolitan area broadband telecommunications
network.
25

Fig. 2 is a pictorial diagram illustrating a typical point-to-point system configuration

known in the art for providing customer access to telecommunications services via a switch.

Fig. 3 is a pictorial diagram illustrating a spectruin allocation plan having allocated or
30 system defined 100 MHZ channels divided into 50 MHZ subchannels for the transmission and
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network includes at |east two hub sites which are interconnected by a
communi cat i onwo 9904534 backbone Each hub site provi des wirel PET/USIN/IBI38Y € in
at |l east one sector. At least two renote sites reside in each )
sectors and are coupled to @ corresponding hub site ‘via a point to 25

mul ti  poi ntre&uptieibpsighalsi wherein sackytsnamit aid weceine swbehianyel isfsepasdted by gward had ofit

| east one service node which is accessible to the renpte sites via
“the hub si tSPECEMY packbone. I n accordance with anot her
formof the present network, a broadband | ocal nmetropol i tan area

.tel ecommuni cation network provides fixed broadband wirel ess |ocal |oop 30
_access to a pl urEigi4 is afictotial dingrapuillustrating a peibtsternoins fixed wiselens systems dsployed e r

i.r adi
._.(r:gr'r Sendh dlﬁgﬁgﬁ%ﬂgmmse guffiofinBobdrhuHEk Gt MeHridr &Y fo PREH Whbre A G one
relationship txtwéenthab aiidaistaer b\ﬂlduigaaﬁlm systends. Arers ofitretlap ﬂhmathas a

pI urality of assom at ed custoner rem se in es
‘means for p&-FhFARS erg?'ﬁl“FQ TORENGH FEPYNESE REOD ﬁ%"ﬁ[@eﬁmﬁ% u% ity of
custoner prenise equipent the subscriber radio unit. The netvvork i ncl udes

-a plurality hub sites which are interconnected by a Sonet based back
bone. The hub S|Fxgssxsamamwhmb&@gem&mp—@m@ﬂ%f%&%@%rs whi ch

operate on a selectabl e one radio unit
. correspdh P’b‘“ﬁa mt-tB M?H’a‘h ! EQB%%& ﬂheppﬁrer ‘i ncl ude means for

dynam cal I y aI | ocat i ng cormunl cation bandwi dth anong a plurality of

subscribers within sald ceLI secto e net war k ef er abl .
i nel udes a pl uraﬁgt@d?a(;’ég'iﬁ@‘g‘éﬁ% B2 ixed “ﬁaﬁﬁﬁg‘ém °m“ﬁ’p%tl'5‘ﬁf {g | ed
to the backRRns (R eRkea 88 T kélatioRsiip B&twEdn b Gnd bisfnth syshenswithisSa Sedfor 10
and backbone. The network further includes a central operations node which
i s connect ecmployed in the presentsystom. sai d hub sites by a control network and
provi dei renote access and control of the hub sites as well as
remote tontrol subscriber access to the val ue added service nodes.

Fig. 6B is a block diagram further illustrating the hub of Figure 6A as used in the present

network.

Fig. 7 is a diagram illustrating the present local metropolitan area broadband
20 telecommunications network utilizing point to multi point fixed wireless technology operating in
a millimeter microwave band to provide customer access to a backbone network and various

telecommunications services.

Fig. 8 is a block diagram of an embodiment subscriber system used in the present

25  system.
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These and ot her features, objects and advantages of the present network
enbodi ment s w699/045m | | becone apparent fromthe foll ow ngpdeisssisess
description of illustrative enbodi nents t hereof, which is to-be
read in connection W|th t he accorrpanyl ng dr aW| ngs

BRI EF DESCRI PTI ONDETAIHED D¥ P EMBOPIMENTES a pictori al

diagramillustrati ng a | ocal rreopol i tan area broadband
t el econmuni cations network utilizing fixed wirel ess point-to-point systens

operati ”gtlﬁﬂﬁﬁkln%ulm GHz to provide custoner access to a | ocal
met ropol i Tan area broadband tel ecommuni cati ons net wor k. 25
. Fig. 2 is a pictorial di agram i I lustrating a typical point-to-point system

confiquration ng o]
tel ec ni catpber%ese'grnw ces Vi a a sw%c%&rlm%%‘k%me B‘éé&% ?ésthg
pictorial nﬂlhﬁﬂfeﬁﬁiidr&d/mﬁe@im@gegomcne(ﬁequmﬁbdndmﬁnsﬁﬁ;ntﬂmbm,lwtgdeaﬂmat ed

or 30 system defi ned 100 hginnel S Vi ded intqQ 5 I.\/HZ sub nels for
t he transAMERY png Friationship between hub sysiems and rempte systems Ctﬁ'?l

Lrans Mt afifk t&mblofs t&h&g&*h%ﬂﬁiﬂé abckss® BPPoik ROl poing” dantsaﬁpbrmamom voice
spectrum

and data telephony services as well as commercial and residential broadband multimedia services
10 by combining improvements in spectrum efficiency (and thus available bandwidth) with enhanced
intelligence in the metropolitan wide area network.

Figure 6A illustrates a point to multi point millimeter microwave wireless system,

15  characterized by a “one to many” relationship between hub and customer building radio systems.
In Figure 6A, a hub site 601 is equipped with antennas 602, 603 and 604. Antenna 602
transmits to a “sector” 605, which covers the physical space occupied by multiple sub_scriber
buildings 606, 607, 608 and 609. Antennas on buildings 606, 607, 608 and 609 in sector 605 all
communicate with the single hub antenna 602 of sector 605. Sectors can be from 15 to 90

20  degrees wide. All of the buildings in a sector generaily utilize a single channel, so co-channel

interference is no longer an issue for buildings within the same sector.

To prevent co-channel interference at the edges of sectors, the hub site 601 assigns
frequencies to adjacent sectors which are substantially separated from each other. For example,
25  sector 602 may be assigned channel 1A/1B and sector 604 then assigned channel 2A/2B. Thus
point to multi point systems permit full utilization of each channe} assigned within a sector to
transport information, in contrast to the spectrum management requirements of point-to-point
systems which require the utilization of multiple channels in the same geographical area merely
to avoid co-chammel interference.
30
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Fig. 4 is a pictorial diagramillustrating a point-to-point fixed wreless
systens depl oywedoodusaa i n a hubbed network configuration in ageossavisass W t h
the prior art in which there is a one to one rel ati onshi p between hub
and custoner building wireless systens. Areas of overlap illustrate a

co- channel InterF@h&mm&mrﬁeﬁmﬂﬁf%ﬁm&ﬁomnwmteouwemtthépwt
wi rel ess networks is a diagramwhich illustrates
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poi Nt - t 0- POl Rpldidf ScrAWa R G, Moﬂé Ltﬁln@ncg'r esse?irstasugnedtoacorresp OI nF

Fig. 6A|sa lagram il lustrating a fixe oint_to multi p
i npl enent at icelhséctor 605. Howemm infcasel avhere@sdditional handwedthummdm preseotmsiverk

~ pet ween hub and c St st.e hi,n a,sector n_t he
present Sya gt o e sssgmhen of mffgic fbniIEs g brmore gel sEHF. RAES g

i 11 ustrati ngrdagblywnsbs Fsitisforhgdab MRS T 520N Fo R1A Gighal losses assobitodaiith.
'Fig. 7 is adia 3ram illustrating the present |ocal rretropol Itan area

br oadband 2®@oaxisldinesmdwaveenides shmillimetagnicrayave frequenciesy tha hubgadio mifs a5%)i nt
-fixed rel
to b ovi de. STSTORT OGER S PERHAR fflona s oL it VELFS el bR U Foct Sy

‘t el ecommuni aetowens servi ces. Fig. 8 is a block diagram of
_an errbo%mant subscri ber systemused in the present. 25 system

The hub site also includes hub indoor units 622 which are coupled to the hub radio units
(IDU) 620 via an interfacility link 624. The interfacility link 624 is a wide band connection,
preferably taking the form of a fiber connection. The hub IDU’s are connected to one or more
hub controllers 626 which manage the operation and data transfer within the hub site 601. A
15  backbone interface 628 is included to enable connection and data transfer with a network
backbone. An advantage of the modular nature of this architecture is that the hubIDU canbe a
common element which is independent of the selected frequency band. Only the hub radio units
620 need to be altered in order to permit operation in the numerous millimeter microwave bands
which are available world wide.
20
Figure 7 illustrates an embodiment of the present network in'a commercial metropolitan
area network utilizing multiple access wireless technology in the millimeter microwave
frequency band. The network includes a broadband backbone 702, which can be implemented
using fiber, copper or wireless technology. The large squares located on the ring represent point
25  to multi point hubs 704, each covering at least one cell sector 706. In a commercial urban
environment, cell sectors 706 are deployed such that bandwidth is directed toward geographic
locations with appropriate building (customer) density. Once on the backbone 702, customer
traffic is routed to any number of network nodes providing value added services. Examples of
such service nodes are local exchange carrier switches 706, inter-exchange carrier switches 708

30  and Internet access points 710 and video service points 712. The present network also includes

11
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5 The present network utilizes a fixed wireless nmicrowave schene
preferably operating in the mllimeter mcrowave freq} ency region
(i.e. freaﬂaamnehmtopﬁmasﬂdpﬂmwhwbmynecmmmhbfﬂmbubs 04 througkamy t 0

one rel atlons en _.hub renote systens Iocat ed in custoner
bui | di ngs® “‘Qwefﬁs %7 e‘% %’5&*" nul ti pl e access" or "point to
mul ti point," can support tradltlonal voi ce and data tel ephony
services as well as commercial_and residential broadband, nulti nmedj a

services 10 e achiteeture of the millimetss ENerawave PO to bl paint WIrEless OstWoER § ¢ hus
3MV3'6' ¥ eag%%{lﬂmg‘cgﬂsms offckifl ARRARECILS mile diamdtér!(E5 L B SRRk diktahbR). "Bich AP ! I_ tan
714 consists of a number of sectors 706-1, 706-2,..., 706-n, ranging in sector width from 15 to
90 degrees. A hub 704 is located in the center of each cell, and multiple remote subscriber
systems (subscribers) 716 located in customer buildings within a sector communicate with hub
radio equipment to establish wireless links. Bandwidth within a given sector is allocated among
10 the remote subscriber systems provisioned in that sector by the corresponding hub 704. A sector
may utilize .the full bandwidth of a single allocated channel, or multiple channels can be
"stacked"” in a sector to meet overall customer demand for bandwidth. When multiple channels
are employed an additional hub radio unit 620 and antenna for that sector are added to the hub
704,
15 .
The assignment of the optimum sector width is a nontrivial problem. One design
objective is to minimize the cost of the required Effective Radiated Power (ERP). Narrow
sectors yield higher antenna gain, so less power is needed to achieve a given ERP. However
each sector requires it’s own radio system, so narrow sectors increase the equipment cost
20  required to cover a given geographical area. In the final analysis, hub design is a function of
overall customer demand for capacity and the geographical distribution of customer locations.

Preferably, in the present point to multi point metropolitan area network, hubs 704 are
interconnected on the backbone 702 by fiber or high capacity microwave radio facilitiesin a -

25  SONET ring configuration. Service nodes such as Inter exchange Carriers 708, Internet Service -
Providers 710, Local PSTN switches 706 and video sources 712 are interconnected to the fiber
ring, in some cases via co-location with the hubs. Thus, once customers are connected via
wireless access links to the network, any and all services supported by the various service nodes
will be accessible.

30
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Figure 6Aillustrates a point to multi point mllinmeter nicrowave wrel ess
system 15 cWewesssx i zed by a "one to:many" rel ationship betresse/asved and
cust oner buil ding radi o systens. In Figure 6A, a hub site 601 is -
equi pped with antennas 602, 603 and 604. Antenna 602 transmts to a
"sector" 605, whThisnetwotk apptdach yehyites ¢ Alanspprt ond wutingéapebility omhﬂqskhpneto

06, 607, ot oatieeions Baparnu it yporindel ing GRNER diepld: Ripiche AR,

hub ant ennanﬁ%rl@ierﬁ&ﬁﬁdd&s.G(HinciﬁﬁmhﬂTﬁnSf&TMbdb(fAl’Mliﬂ\etpﬁef&&dZﬂnspodﬂwwes
wi de. Al of the_ buildings in a sector ral|ly utiliz sin channel
#50 co- chann@®fotocol for thepresgntmastzg %EF%VW?? té’ﬂ“F tﬁaﬁﬁﬁn"ﬁ

Cwithin the sagR ~orjented or synchro :Th&i rERofebRsal b tlled

| e o o A ya be il

i nt erfer ence at sectors, assi g
f requenci es operatar tmnsmbn tocfol ATM nétiworks aver tigeb Forthis radsby, bsﬂp&TMt(@@-Zh)and each

Sector cos SHBRUNER) e i Mo e ReSal SR fof giShackitpe FoZ,

~systens permt full utilization of each channel assigned within a sector to
transport information . in contrast to the spectrum nmanagenent requirenents
~of poi nt-tomﬁs—ﬁm systens which require the utilization of multiple

.channel s4i n the sane geographical area nerely to avoi d co-channel
interference. 30 . .
10 This network archifechumeatid®s iAsynchronguscEransferMesde{AIM) aspomirymeansof a

T b bR TEE e B o A ol ™
into cells. The cells have a “header” and a *“payload”. The header describes what kind of data is in
the payload and where the data is to terminate. The cells propagate through the network via diverse

15  paths and can arrive out of sequence at the point of termination. Header information contained in
the cells permits reconstruction of the correct cell sequence prior to delivery to the customer premise
equipmeﬁt. ATM cells can transport many standard telecommunications voice, data and video
services by encapsulating the data in the payload. Thus, ATM is capable of integrating voice, data
and video in a single telecommunications transport network.

20

A key architectural element of the present network is the use of ATM in the point to multi point
system operating in the millimeter microwave spectrum which provides high bandwidth. Customer
specific services (Ethemet, Frame Relay, DS-1, DS-3, ISDN, Voice) are encapsulated in the ATM
payload between subscribers 716 and hub 704. Thus services which are most efficiently handled by

25  acell-based protocol benefit from end-to end ATM transport in the network, while services which
for the time being must be channelized on the backbone are time division multiplexed at the hub
704. In either case, the transport of all services via ATM over the air enables important bandwidth
on demand functionality in the network.

30 . Modulati d System Ca
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mllimeter mcrowave band. Cenerally, one frequency channel is assigned to
a correspondwpgo4si4 cell sector 605. However, in cases \VHOIVUSI&ISa3st i onal
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of multiple channels to one or nore cell sectors. Each antenna
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i ncl udes a broadband. backbone 702, which can be inplenented usi ng
fiber, copper or wreless technology The | arge squares | ocated on the ring
represent poi nt 25 to multi point hubs 704, each covering at |east one

cell sgct o%ﬁ%dﬂ@wrm al urban environnent, cell sectors 706
are depl oyed such that bandwidth is directed toward geograph| C
| ocations with appropr| ate building (customer) density. Once on the

backbone 702, lfégﬁﬁta encapsulhtedintd ééllk for 'it%gpgﬁ b} the W18 AERRbrOR isnet wor K
nodes prOV|d|ng val ue adhed services. Exanples o such servi ce nodes

are | ocal mssnblmgetlhmmdl@spesm vloresfcientlyithanayould.otheryise be pessiblerin 898+t ches
708 30 apin D-SEAThoREERRTon Ol B tieladt o WclifiGuoRiid SRl S 712 The
ArEo P Rer Udes .

present ne
20  multiplexing,” Statistical multiplexing takes advantage of the random origination of data

transmission in a system and the fact that all users do not require bandwidth at all times.
_ Statistical muitiplexing allews _cene containing data originated by different users to be
transported by the minimum required spectrum. In this sense, users share the allocated spectrum
_ in a wireless ATM network, and the aggregafe bandwidth requirement of all users in the system
25  is served by the spectrum that is available within the system at any given moment in time.

This resultsin “statistical gain” in data capacity which allows telecommunications
network operators to “oversubscribe” wireless links based on the assumption that all usersin a
given subscriber location (e.g. multi-tenant office building) will not require all capacity allocated
30 to that location at all times. Over subscription rates (statistical gain) as high as 10 to one (10:1)
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at least one central operations node 713 which is connected to each of the
hubs 704 t hr o h99#04534 control network - 715; such as a frameTnsbsisoss

net wor k. The architecture of the mllinmeter m crowave point
to multi point wireless network 5 generally consists of cells 714 with a
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"that sector by the corresponding hub 704. A sector may utilize the
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"stacked" in a s ; gramé&}sqgg a Eiq‘ r ] s en
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“ant enna f or Thisaeliswiti the highest pricty atedranbporied beross the netw@rit instabitly, while cells with
The assignnent of the optinum sector wdth.is a ngntrivial.pgragblem e
design " owerBostaet eV be Sleyeduntithe Hetdr ey Refiv b Byl 49 ariBice
. Radi at ¢y PoyeATMEmMits hek Hﬁofservicc_sﬁﬁﬁltﬁging’ﬂﬁaﬂtyfvmblﬁce’q% QOS2 Wigdn'this SO
| es§s power is needed to achieve a given ERP. However .each sector
requi res it pdorsweystentiisased iscenipnotion with stetisticalonwtiplexing itallows information fo-hent
cost 20 r | ' hi ' :
nal yai's, hOApRE dhe GEUER s PR RRAER. 1F insBhPs 1t i an bt Blep ot
capaci ty anckellsland gasgiittddverthe detworki with ather celfs of umalberdiles|intemparsed $n the packet
Preferably, int resen oi,nt 1.0 | ti. pojnt meiropoli.tan area network,
hubs 704 u seam. Hhud fg el g5 af metria vt BEfoR Ioerotte Ssimy PR be Sprbipy
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Service nodes such as I'nter exchange Carriers 708, Internet Service
Providers 710, Local PSTN sw tches 706 and video sources 712 are

| nter connect ed { yiiGe bidiafath allocation Behvin st LT IBANRR ¥ biFerf RetoP IR, | ks,
s, W re

with the hubs. once custoners are connected vi a ess
“‘access | i nk somgntaierequitenents, forhigh itwateciurstssto m\given subsoniey Tédrdmetbyatiliging ous

service nod $andwidth within the sector 706 not in use by other subscribers at the time. This is

20  accomplished via variable on-demand assignment of time slots (Time Division Multiple Access
or TDMA) or frequencies (Frequency Division Multiple Access or FDMA) to subscribers, or
through a combination of both multiplexing techniques (Demand Assigned Multiple Access or
DAMA). '

25 ‘When these techniques to dynamically allocate bandwidth between buildings in a sector
are combined with ATM statistical multiplexing (over subscription) of bandwidth allocated to
customers within individual buildings, the result is a tremendous increase in the information
transport capacity of wireless spectrum utilized in networks of the present invention. Capacity is
further increased with the use of highly efficient modulation schemes such as 16 QAM and 64

30 QAM. : '
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wi || be accessible. 30 ) -

12 - WO 99/04534 Thi s network approach requires a trcavissisesand
routing capability on the backbone to facilitate connections between
mul tiple custoner |ocations and between custoner |ocations and

networ k service nodes. Asynchronous Transfer Mdde (ATM is the preferred

transport sl i i tocol for the present netropolitan area network
architecture. It 1s also envisioned that nore 5 traditional
connection-oriented or synchronous tel ephony transport protocols will be

utilized as f ey! S r time. For

- this reason, b&?’%‘?@?@@ﬁﬁﬁu’%‘WW@%&%&E@X‘; e

“i pref ermbl yorcenttatssode bt ofany witstess/links omal single buildikgmonfop/@2’hub”. Each hub\#4 el ess
ATM 10 This network,. archit ure utili r.onous Transfer
Vode ( ATVFARE0RsE ST oo dystdns 71 ok bt i AR ARIEF EtordiBe o

packet i zegreh i B8 irficrtotinedtel i A2ing Olieshior 6therdatidiohe Siworkiteoloplyividwireless, | Nt O

cells. The cells hayve a "header™ and a "payl oad"., The header describes what

ki nd of d#ibef, protheg high capacity telecopmnpigation Seilities  Elubs,Z04a5e squinped With&yINM ot e
The cells f: %W‘Bﬁ . I | ¥&sSEro can
arrive outsg% GQIEII%G at’ t ég ol nt%%%%‘%gtlon. %ﬁgr I N g?%g%ion
cont eiMed ejtablish connectionebetwidnssubssribirs er to carmestsubsctibeps towkiteh ocatinns en thecel |
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i ntegrating, vojce, data
and muitimedia services.

15 The present hubbing architecture is applicable to both point-to-point and point to
multipoint fixed wireless systems. In a point-to-point wireless system, each hub supports one
‘antenna for each link it connects to the backbone network. Therefore, rooftop space imposes a
limitation on the number of antennas (and thus links to the network) that can be supported by a
single hub using point-to-point fixed wireless systém_s. Figure 1 illustrates an embodiment of
20  the network architecture employing millimeter microwave point-to-point wireless
telecommunications systems in which the wireless facilities connect customer locations to a
metropolitan area backbone network. This system employs a point-to-point system, in which
communication occurs between a hub 100 and specific buildings 102 or campuses 104. The
backbone network consists of high capacity telecommunications transport facilities 106
25  connecting the hubs in a ring configuration, with each hub connecting to individual buildings or

campus locations over a “last mile” wireless connection.

In point to multipoint fixed wireless systems, a smaller number of hub antennas provides
connections to customer buildings in a sector varying between 15 and 90 degrees and containing
30  many customer buildings. In either case, the hubbing architecture provides efficient access to a



and video in a single tel ecomunications transport net wor k. 20 A
key architect WQPIMSMent of the present network i s the use RETAUSIMS038 t he
point to nulti point systemoperatlng in the mllinmeter m crowave -

spectrum whi ch pr.ovi des hi ndw dt h.  Cust spegcifi ¢ services
(Et her net, Retyaek bagkbope %V"‘“%E“% gi’@’)’“‘aﬁ“@“@h in the
ATM ?ﬂér%fl “@E&§ﬂ@é‘s§uﬂ@dmm ork04. Thus services which
are nost effticlent ?‘Qgﬁandl a cell-based protocol benefit from

~end-to end ATNItransport in the networ k, while services which for
the tinme being._ | gre tine division

“mul ti pl exed=a e 1 ) ‘ ‘ “ta e transport of all
.serviceg via ATM over the air enabl es | nportant bandwi dt h on denmand

functionality in_the network 0 dul ati on_and Capacity.. .
13 hmepmmtmegésmzﬁw .ﬂrﬁfmgf%'asl T B Gues
- such as @S&ée%téfﬂ& buildftlgGr 8en 2 campusdficasibin¥S. 1 aire 8 iifistated ar%ﬂmmnsenp@fa
Hertz per secon For exanple, in a mllinmeter mcrowave band wher e
“spectrum i sswbsbmsxxbmforwwamulﬁ-uwfemmh&m (that is, 50 MH of
spectrumin -each direction for a total of 100 MHZ per Ilcensed

channel), the maxi mum poi nt-to-point data 5 rate of today's fixed
Wi r el esgg t echnol Referrirg té Fightte' 8 anterinaDSoZare hitepated wititedioratisdeivirsdin compact

S o ] o o O3
i o S ol S R Ot et st A,
S 22 tor and P Outdoor units 804 are connected to indoor units (IDU) 866 typically locate% in common spacg
within a building via an inter-facility link (IFL) 808 consisting of either coaxial cable or fiber.
15 By integrating the antenna and radio transceiver into an outdoor unit 804, signal losses at the
millimeter microwave frequencies are minimized. This architecture also allows a flexible
system approach where a common indoor unit 806 can be used with many different types of
ODU 804 in order to operate in the various millimeter microwave frequency bands which are
available world wide.
20
Utilizing fiber in the IFL 808 provides significant benefit in installations where in-
building conduit is already tightly packed with telecommunications facilities and little room
exists to pull new cable. This is 2 commonly encountered installation problem. Because fiber is
much thinner than coaxial cable, it is much more readily pulled through existing building
25  conduit than coaxial cable, making the job of installation much faster and less costly than would

otherwise be the case.
Another advantage of using fiber in the IFL 808 has to do with signal loss between the

IDU 806 and the ODU 804. Physical properties of coaxial cable limit signal propagation to less
30  than 1000 feet in most cases. This places a limitation on the separation between the ODU 804

17
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be transported by the mni num reqU| red spectrum_1In thi 5 sensg
users share t Hodogrunits30Sereysed torinterface with custamer premisesequipmeny (5 and
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monmenio i Nspecifie line cards 812 Lmecards812’irephysmaﬂyinseﬂedlﬂ§l§ahassswhaicg&m¢mam dat a

capacity which_ al| ows Iel ni cati ons net yvor Kk er
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14 backplane for protocol conversion to ATM for transmissions to the hub, and from ATM to

15  service specific protocols for transmissions from the hub. A chassis can preferably support 10 -
20 line cards. 812, each of which may provide multiple ports for interconnection with CPE. For
example,-a typical DS-1 line card permits the connection of 4 DS-1 lines (4 x DS-1) per card.
Line cards are inexpensive, thus the incremental cost to add customers to the network once the
basic remote system equipment is in place in a building is quite low. Once installed, services

20  provided by the line card 812 can be locally enabled, or preferably, remotely enabled by
commands generated by the central operations node 713 (Figure 7) which are transported over
the network.

In this way, indoor units scale to cost effectively meet the demand for .

25  telecommunications services. Most small to mid-sized commercial office buildings can be
supported by the 10-20 card chassis described above. In very large buildings, two or more IDUs
can be interconnected in “daisy chain” fashion to expand the number of service interfaces
available, and installed on different floors where common space and main distribution frames
may be located to serve customers. The present invention also provides for very small, low cost

30 indoor units with fixed service interfaces to serve Small Office/Home Office (SOHO) and
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bet ween buildings in a sector

Also, service provisioning and configuration changes are manageable remotely via software
definable service attributes downloaded through the network to subscriber systems located in
customer buildings. Services are provisioned, monitored, modified and controlled from a central

20  Network Operations Center by technicians with appropriate authorization. System software enables
"see through" provisioning of services from the hub to the end-user service interface card in the

remote subscriber system.

8. Services
25
The present network can support any and all services supportable by wire line
telecommunications technologies. These services include two broadly defined categories: traditional

telecommunications services and emerging broadband multimedia services.

30 Traditional telecommunications services for the commercial market include; (1) voice
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are conbined with ATM statistical nultiplexing (over subscription) of
bandwi dt h al VOSP4 t o custoners within individual HouUsesses, the
result is a trenendous increase in the information transport - °

it f i | t tiljzed i t Lk f.th t
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5. Hubbing Archifecture S . The present systemutilizes a

depl oynent mq&qlagmmma@wmtﬁgﬂppmmﬁcmm opesating gt PGt3speagaandnd of
many w reLaﬁg‘;e links on a single building rooftop or "hub". Each hub 704

can conne to many renote radi o systens 716 using wireless |inks. Hubs 704
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ot her backbone_net work t opo] ogy. vi.a wireless, fiber r. qt her, -hi gh
Capaci Lyt of ocBRRBREAMBH HEK PR svior HEpored by e persent iseark jacidsbiek

swi t chi ng ThtMneldctésh) vish hastitigRA® Rifortiatibt def\Ges Wati®d EAN-LLAN kipvioss'sastfast he
backbone 702 to 10  establish connections between subscribers or to
connect s Bhearndt pud Foken Ringaand videopervings sush ag drsktop video copfrensig, busingsscess

services. M ' . éfﬂlﬂﬂ!é ‘F‘EP h6d ,};igigg ks F\érdl%? rease the
ef fective r&gﬁ%%&@\ﬂg@é@g cces ?rlln s‘i as vvev{dPo'as t Edﬁéri%i\%‘he actess to a
vari ety ofwiteless@ustoratraccess links tathe netwiotk arepiiozisivaed 4t virtually anjysiata rate to meéhe

present hupbj n chitecture_is.applicable to both point-to-point and point’
to ‘ﬁ%"ﬂ“ﬁb@rﬂfﬁq‘?‘fmf@wg‘gm%st ems. In a point-to-point wreless

system each hub supports one antenna for each link i.t connects to
t he backbone network. Therefore, roqftop space .inposes

Residential customers are provided services which include a s?xbset of the above for
telecomn.zuting and Small Office/Home Office (SOHO) a.ppliéations. A package of services for

15 these customers may include local and long distance telephone service, high speed Internet access
for information services and e-mail, and selectable video programming. Access to the network can

be provisioned at any speed for residential customers as well.

ATM Quality of Service (QOS) parameters can be used to support usage based broadband

20 multimedia data services. For example, a customer can subscribe to a 2 megabit Committed
Information Rate (CIR) connection to the network. The overhead in this customer’s ATM cells
would guarantee 2 megabits of actual throughput each and every time the customer required this
amount of bandwidth on the network. When the 2 megabits of network capacity (spectrum in a

point to multipoint fixed wireless access network) is not in use bj the customer, it is available for

25 other transmissions on the network.

ATM QOS parameters can be used to provide varying levels of thrc;ughput on the network
allowing .network__.operators.to establish pricing to coincide with these levels of throughput. For
voice services which are particularly intolerant to the delays inherent in non-sequential cell

30  transport. Permanent Virtual Circuits (PVC’s) guarantee immediate throughput at predefined data
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30

effectively support variable bit rate (bursty) data services such as LAN communications, with QOS
parameters employed to manage throughput in relation to the criticality of the data and the cost of

the service to the customer.

In the presént network embodiments, event data is collected and stored on the system for
billing based on the type of service provided to the customer. Billing for data services can take into
account the time of day the service was provided, the network resources utilized by the customer
(e.g., peak data rates, sustained data rates, number of packets/bytes transferred), Quality of Service
provided, number of packets dropped due to congestion or other network transmission errors, and
other factors not typically considered in billing algorithms for traditional telecommunications
services. For voice services, billing data is collected from in traditional Call Detail Record (CDR)

- format by the switch equipment deployed in the network.

The point-to-multipoint broadband metropolitan area network of the present invention will
support 2 broad range of future business and personal telecommunications services such as vehicular
data applications using on-board computer systems that integrate city and highway road maps with
global positioning data and local traffic information. Collision avoidance radar is another suitable
vehicular application. Additionally point-to-multipoint networks can support a host of personal
computing appﬁcaﬁons with wireless broadband connectivity, including personal digital assistants,

21
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user systemin a building or even a canmpus of custoners. Figure 8

i | lustrates vwosnesssadi nrent of a subscri ber system f opcufosessés® a

mul ti-user systemin a building. 10 Referring to Figure-8;

antennas 802 are integrated with radio transceivers in conpact

seal ed oUhfhddield Web terminhls/indBédhphowidemsdbile LANson on bui | di ng rooftops. The
ODU s are preferably secured by standard 4 inch pole nounts for

~rapid, low cost installation and non-obtrusiveness. _ Qut door units

804 are connecyyifl e peStiPsitenitiat Bech UblelibedQfitH résiestab thé preferpddasthbotinetE] N

space wthin a building via an inter-facjlity link (I1FL) 808

consi st i nwilbie usderstopd bytthase skilled in the w5t thatj veepus mosiificafigns; i formyand defail may be

ant en an [ . ' [ r [ i:gnal Orinizly, 2

t he ¥ né@éqﬂ#%%b%?ﬁﬁfg%%ma e régﬂgn %g@aé?gﬁﬁyhﬁgﬁgé §ﬂ¥hﬁ§c .

ar chi t ect modifichtions ahdhaasshose Suggested|above, but not liniteaddheretpare todie onhsideredwithinmon

i ndoor unit 806 ?ﬁﬁ'be used with many different types of ODU 804 in
order to gﬁéﬂﬁFQ MYFBUCR i ous il i meter mi crowave frequency bands which
are avai | abl e world w de. 20 Utilizing fiber in the

| FL 808 provides significant benefit in installations where in-

buil ding conduit is already tightly packed with tel ecommuni cations
facilities and little room exists to pull new cable. This is a
comonly encountered installation problem Because fiber is much

t hi nner than coaxial cable, it is nmuch nore readily pulled through existing
bui | ding 25 conduit than coaxial cable, making the job of installation

much faster and | ess costly than woul d ‘ot herwi se be the case. .
Anot her advantage of using fiber in the IFL 808 has to do with signal |oss
bet ween t he |.DU 806 and the ODU 804. Physical properties of coaxia

cable limt signal propagation to less 3 0 than 1000 feet in nost cases.
This places a limtation on the separation between the ODU 804
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and the IDU 806 in a building. Since the conmon space provided for

t el ecommuni catW@ 994534 equi pnent (including the IDU) in nestrausesisessci al
office buildings is |ocated in the basenent and the ODU 804 is '
roof -mounted, this poses a problemfor installations in |arger buildings of
15 floors or %uﬂwml e poses no such distance limtation,

pet ween the | 806 an 5 the ODU 804. Thus installations are not
hanpered by the | ocation of commobn space for t el ecommuni cati ons

equi pent in byi | di 0QS4e area communication nwopg%wﬂ' }s 806 are used to

interface with ' 'custonmer prem ses equl pnen 10. A preferred
~embodi ment of the indoor unit includes a chassis with slots for receiving

“'service 10 specific li rds ,812. Li.ne cards. 812 are physicall . o
inserted ish_ t he chassi saaﬁésﬁ%%‘bé‘f f»Said hgb si esgemgi E?Wéﬁ%lﬁ%ﬁﬁ‘”%’?\;\émcm‘_’n,
activated via sof t viatkbose TeRRdsid i iteproRdihg doveRe iR 1edBdhe SRBIrAL | ONS

"center. Line cards 812 are provisioned to support specific

t el ecommuni cations services (DS-1, DS-3, - | SDN, Frane Rel ay,

~Ethernet, Token Ring, ATMeaﬁt&n}eJﬁgsi%mgﬁrﬁ%ﬁé@ach%fgﬂi'ﬁQ:cgo nnect to a

* backpl ane for protocol conversion to nsm ssi ons t he hub, and
fromATMto 15 service specific protocols for transm ssions fromthe hub.
. A chassis_can preferably support,10.- ... 20 line cards, 812, each, of

T whi oh ray*r ovi de rmul t 1 BiRGTISG Ut gt mlimeter FGromsH ba il Sy sigmy said o least
exanple,.a typi cal tRSrémbteRiestRing cBEIEH to coREspbRBALRIY sh8 titbugh shdpbint-tdRdI 4
x DS-1) per card. . . Line cards are inexpensive, thus the increnental
cost to add cust ondiointmilimeter micrgwave bgpd wirelgss system.  pasic rennte system
equipnent is in place in a building is quite low. Once installed, services

- 20 provided by the line card 812 can be |l ocally enabl ed, or preferably,
renotely enabl ed by commands generated by the central operations

node 713 (Figure 7),whjch are tr.ansported over. . ,the network.
O R oA Hietatea Bl BRR ok aPioling o Claimd R SOttt et ome
t el ecomuni cat sepvice Gode)saidserviddnole Seii dpetativély Soiplodes! atQedstSie i adid RiY ditee
bui | di ngs can be supported by the 10-20 card chassis descri bed

above. In very large buildings, two or nore | DUs

3. A wide area communication network according to Claim 2, wherein said at least one
20  service node includes at least one of an Internet service node service, a long distance telephony

service node, a local telephony service node, and a video service node.

4, A wide area communication network according to Claim 1, wherein at least one of said
25 at least two remote sites comprise:
an outdoor unit, said outdoor unit including a radio transceiver operatively coupled
to an antenna;
a plurality of indoor units, said indoor units being operatively coupled to a
plurality of customer premises equipment; and
30 an interfacility link, said interfacility link coupling said outdoor unit to said
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can be interconnected in "daisy chain" fashion to expand the nunber of

servi ce i nt eWQR984534 avai l abl e, and installed on difpereskrios®ors
where common space and main distribution franes may be | ocated -to
serve custoners. The present invention also provides for very small, |ow

cost 30 i ndoorplualitysofiihddor fuhits; dvharby s4ié radid erhrsaciodt sippodts favshurRAity! of said

Ofice/Hnme Ofice (SOHO and .
18 MSEPIETUSES QP HEr s. Rat her than enpl oying a chassis and
backpl ane architecture, these snall IDIU s are fully integrated

seal ed units manufactured at | ow cost to support apredefined set of
servi ces. AnSexanpt widsfarea network secording tof Claim 4, Suther comprising meansdfor statisticélaces

“"for multiple Gd. ( : - NQk-ce .l X . for
connect i %n to ap%e?#&ug%%d\ég&ﬁﬁﬂk M@‘% s%a%l@& %@#@gﬁsgﬁ%s%%t i ons

In addition to inproved spectrum efficiencies and resulting bandwi dth

i ncreases, significant operati |, and ,equi nt costs savings are

achi evabl e wPt h p& °P’E§aﬂfﬂ”ﬂk%ﬁ%g%ﬁ?&‘{lé‘éﬁ?ﬂ@gﬁnémﬁmsﬁmﬂi met er

m crowave frequenci es.a dR@isdaiddhadsisHaving Reéiving eadsTord plifaliio? inddardse BAECI NY

mul tiple antennas on a hub rooftop with one or nore point to nulti
poi nt hub ant ennas, arfdlineneard;|spiding sard pseviding a servicg specificcinterface batwerncsgid

Once a b 704 iSﬂaEL'%st | ‘?:gst%rﬂgqnjr é@ﬁ@@g{s_to t he network becones a
matter 2 install?ng SUbscr i Der sysfe in customer buildings within a -

covered section 706. - This is in contrast to the requirenment to

en91necr 2071 R b S PRER HRRRR M SR 7 bt S s 17

t echnol ogy. additional indoor unit in a daisy chain configuration.

15 8 A wideareanetwork according to Claim 4, wherein said interfacility link is a fiber link.

9. A wide area network according to Claim 4, wherein said remote site is located at a multi

story dwelling and an indoor unit is installed on a plurality of floors of the dwelling.

20 10. A wide area network according to Claim 1, wherein at least one of said at least two remote

sites comprise an integrated unit providing selected services to customer premise equipment.

11. A wide area communication network according to Claim 1, wherein said point-to-multi
point millimeter microwave band wireless system at each said hub site comprises:
25 a first radio unit operating on a first selectable frequency in a millimeter
microwave band and providing coverage in a first 'sécté)r;
a second radio unit operating on a second sélectable frequency in said millimeter
microwave band and providing coverage in a second sector, said second sector being

substantially adjacent to said first sector; and

30 means for frequency selecting said first Selectable frequency and said second
—_— 24
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Al so, service provisioning and configuration changes are nanageabl e
renotely via sW9%a4534 definabl e service attributes domoi/usssashss

t hrough the network to subscriber systens |ocated in cust oner
bui | di ngs. Services are provisioned, nonitored, nodified and controlled
froma central 2 0 selmwwﬂeqﬁaey&bmwuﬁqtaravhubk@dqaﬁﬁeam%hamﬁrstand
appropriate authorization, System software_enab) es "seg, t.hy ough"
provi si oni ng of serﬁ“&%@sql‘?"-@éet MEQ%CWM%@%@F‘WWSF el
card in the r enot frsfdRaed | ber system 8. Services 25

The present network can support any and all services supportable by wire
“1ine t el ecommuni cati ons technol ogi es. These services include two

~broadly defined,cat ggor, es; tradi.ti.onal tele iLcations service
andensr gt g bridadb A THeR AR PR Brtwetk sccorghf b6 ERITYT ity Efprflpy ek
t el ecommuni cat iahizd fadio\init 6Periting oh @ thiraselEalé fbquemdy)«aid thifCladid @it providitgy fther
.19 grade |l ocal _and | gng di stance services, . (2) mm-to; poi nt
dedi cat ed f aci |5oV¢rage Bonpaf aid firstandaeopnd sectors, 53id means forselacting fugherselecting faid

~data, (3) sw t&ﬁ?&&%ﬁﬁl en&FR it Hhaillinfeter StbrbiviVe bantPsulP thit @idGhirst, second ahd iifrd
Rel ay, and (4) |g?1 capggﬁly poi nt -t o- po?rnt data facilities, opesf.gotni ng at
- OC-3 speeds andselectable fraguencies are substantially different.

10

13. A wide arca communication network according to Claim 11, wherein said hub site
includes a plurality of adjacent and non-adjacent sectors and wherein said means for frequency

selecting reuses said available frequencies on said non-adjacent sectors.

15 14. A wide area communication network according to Claim 1, wherein said communication
backbone and said millimeter microwave band wireless system each support a packet based data
transfer protocol.

15. A wide area communication network according to Claim 14, wherein said packet based
20 transfer protocol is Asynchronous Transfer Mode.

16. A wide area communication network according to Claim 14, wherein said packet based
transfer protocol for backbone to hub site communication includes both Asynchronous Transfer
Mode and Synchronous Transfer Mode.

25
17. A wide area communication network according fo Claim 16, wherein said packets are
ATM packets including a header portion and a payload portion, said header portion including a
quality of service parameter and wherein said network further comprises means for allocating
system bandwidth based on said quality of service parameter.

30
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5 Enmer gi ng broadband mul ti nedi a services supported by the
present net W0 %9/0453¢| ude hi gh speed I nternet access, PADUSHOSBBNg and

i nformati on services, native LAN LAN services such as Et her net - and
Token Ring, and video services such as desktop video conferencing, business

rel ated commgg.Ci ak bro4libandloeg)! MerGpolitan ard telecchamarichtivh detwork pravidieg fixed
(di stance learning). B 10 Wrel ess custonmer access links to the network are

Py

provi si oned walligaeter migrowavs han ess lpcal aeepsHEAMPIISNE: ¢ 1o phandwi dt h
requi renents of such services. Residential customers are
provi ded services which include a subset of the above for

tel econmuting and Sralapheslity ofsubgsribergyspil subserileryincindipg 2 subseriberradia unit, spidy e
of serviges for 15, . ilifGk AR (iﬁgg‘.ﬁ; j e
tel ephong servi ce@ﬁf‘%%ﬁ%@g&}p%%oe agiéﬂelgts “4“%@#}8 | fdgr tg ilugfrilg?‘ﬁqi
servi ces and e- nagdil, seatorl irswhieh saith isebsoritite cesides; @t keastiang of said eubscriterst having a

net wor k can be provi sionped at any. speed for .resigdential .cust.oners as
wel I piuralityof psesiate] qisoper ey Smmepsnd joctudi el of HESIE
to support usage Qasgehs ! gsﬁ&wﬁdﬁgt&iﬁ%ﬁpﬁﬁﬁt\émeﬁdmﬁmmnit;
exanpl e, a custonmer can subscribe to a 2 negabit Commtted

Information Rate (CIR) connection to the network. The overhead in this

customer s ATM cel s g piorapr il slec M M iy ReidlFBRRIOR ol b8 Is3ks tadby@gput

each an&oevery tinme thepcusporrer réequire anouht of bandw dt
on the network. Véei;daitthub siwsdmdbiding agiturality whinib site padixi units,(ssiddwb sitamadia upits
point to multipoint fixed weless access..network) is not | . h
custoner, it is aQW%@ﬁﬁb?ée%%qeﬂ@?mﬁqgﬁ?g%ﬁg%‘&4’%&&%@?&%‘?é?ﬁl
ATM QOS par anet er gecfd shi pisRfity of (HuBViitte Mcladihg Oméaay elos dyharhisiliyu ghiguatingon
t he network al1qwi_ng net wor k operat ors }o est abl i shpri_ci Q‘?‘é 0
coi nci de with thesemmusiestion bandwitith,among dplurgliy of subscribers rithin each spdcell setory
are partliscul_arl y intolerant to the delays inherent in non-sequential cell

30 transport. Permanent Virtual Circuits éPVC_ s) guarantee inmediate
t hroughput at predef i nepluritysof value added service nodes, said service nodes being coupled to said

20 backbone, said subscribers accessing said value added service nodes through said hub
sites and said backbone; and

20 ' a central operations node, said central operations node being connected to each of
said hub sites by a control network and providing remote control of said hub sites and

remote control of said subscriber access to said service nodes.

19. A broadband local metropolitan area telecommunication network according to Claim 18,
25 wherein said plurality of value added service nodes include at least one of an Internet service

node service, a long distance telephony service node, a local telephony service node, and a video

service node,

20. A broadband local metropolitan area telecommunication network according to Claim 18,

30 wherein said at least one of said plurality of subscribers comprise:

- 26
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rates. PVC's utilize constant fixed bandwi dth in the network each tine
there is a requesyossr service. Even though t he del ayspcassogispiged
with the re-sequencing of cells are neasured in mlliseconds, the -~
accunul ated effect of such delays can be detected by the human ear. PVC s

ona-to-end path thr ough et nA ViR LGN e Sliufing PRl BastalFE B GpIET
sequentially. In estoenemtenm PVC is a circuit swtched connection through an
allocated on a'ful i md Py REtahor il aid Bl i€ bERB SPemRLEbiRIGH (ha
QEPVT 8rest g(raedl;;; gb: gﬂ?@ﬁ@%ﬁﬁml r?nlj;aalndO' r cui t_sa( g\e/E: /SA\TMV\E?(S:ﬁdlo

“-all ocate bBndwi dth to us®rinteriasility link spid interfasiitty figk coppling istid uidepr wpit to said
priority scheme rang,pfinf &fGRloor units, wwygﬁgh%g%ggg&mﬂxﬂ%& a'pir8lSty oPsaid

transport of data on a "capacity availa SVC' s

. effectively suppor t customenpremidss equipmest.(bur sty) data services such as LAN
conmuni cations, with QOS paraneters enpl oyed to nmanage throughput in
relation to the criticality of the data and the cost of t he service

to the custonmerl. 15 A broadband local metrdpalitafi Gred tefeeGitnusii QitioR hittworkiuosbrdiBg o ClaifM 20N t
data is collected and,  stored on the systemfor billing based on the

type of séPvi cé”hﬁﬁeB\Ha@éHd%“{’iFF_ef“E%f’mst Billing for data services can
take into account, dfagsid kd?@clﬁgsigﬁ)ﬁngl?&eﬁﬁfg‘fh&gs fg@ﬁpmﬁy Sfthe chrdS: and

network resources utilized by the custoner (e.g., peak data rates,
sust ai ned data rates, nualing casd, saisdclinst eardoprowiding recsenficsr specific inerfice bytweén said

Service 2 0. pr OViQﬁgsis%@c%toﬁgrﬁ%ﬁéﬁcﬁxip%e%ped due to congestion or

_other network transnmSsion errors, ‘ot her factors not typically
.~considered in billing algorithnms for traditional telecomunications

‘services. For ice,servjces, billi data js collegted fromin_tradit.i onal
Cal | Detaf'P Reég'r d é%mﬁgm%%mf)mfwﬁﬁ?“ﬁﬁa W@W%W%ﬁﬂm%tf’bgﬂ‘ 2ln

the network.  wherein said interfacility link is a fiber link.

23. A broadband local metropolitan area telecommunication network according to Claim 20,
wherein said at least one subscriber is located at a multi story dwelling and at least one of said

20 plurality of indoor units is installed at a plurality of floors of the dwelling.

24. A broadband local metropolitan area telecommunication network according to Claim 18,
wherein at least one of said subscribers is an integrated subscriber unit providing a selected

service to customer premise equipment.

25
25.  Abroadband local metropolitan area telecommunication network according to Claim 18,
wherein said plurality of hub radio units at each said hub site comprise:
a first sector radio unit operating on a first selectable millimeter microwave frequency and
providing coverage in a first cell sector;
30 a second sector radio unit operating on a second selectable millimeter microwave
) 27
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25 The point-to-nmultipoint broadband nmetropolitan area network
of the preseWOMABHti on will support a broad rangecadsesosy €
busi ness and personal tel ecommunications services such as vehicular - -
data applications using on-board conputer systens that integrate city and

hi ghway road fggRscy¥nd providing vaﬁﬁe%’ﬂheo&ﬁﬂeﬁ's%r%&’&&ﬁxd%@@oﬂ@ﬁ@lsuﬁsfﬁﬁmf

i nformation. Collision avoidance radar is another suitable

~ vehicul ar appﬂmﬂwﬂdﬁlﬁ(ﬁmf'oﬂﬁl ly poi nt to-nul ti poi nt networks can

support a host of mBﬁ{sstﬂﬁ?e!:]; ggf | [ el es

br oadband conmecti Vi “%wgl ng p rsona g"‘ggﬂ (ﬁl%&'5 5 s&x{&g&on?sﬁec?able
21 frequeniop mmepldra!d@boﬂamlnbh@ﬂ'equtbs @mmha -saiddfirstrant) istoend Sdiéctable
Wil e the present .s ste een described, with respect to the preferred
enbodi nent s, %ﬁ encied spaﬂﬁﬂﬁﬁwpgd;tg by minfpizing sp-chanpe] ifterferences ¢ ¢ hat
vari ous rmdlflcations in formand detail may be 5 made therein w thout
departing fromthe scoge and Spl rit of the invention. Accordingly,

nodi fi cat i on$6such baeadpand olitenares seloeomnpsmication nefwork eesordingde laim 25s e
to be consi d%&h%n‘@afdmhﬂamy of hnb%éﬁﬁt@?urﬁier éoti'rﬁ:ri'sé%‘i&%f $¥lird radio unit operating on

a third selectable millimeter microwave frequency, said third radio unit providing further

10 coverage in one of said first and second sectors, said means for selecting further selecting said
third selectable frequency such that said first, second and third selectable frequencies are
substantially different.

27.  Abroadband local metropolitan area telecommunication network according to Claim 25,
15 wherein said hub site covers a plurality of adjacent and non-adjacent sectors and wherein said

means for frequency selecting reuses said available frequencies on said non-adjacent sectors.
28. A broadband local metropolitan area telecommunication network according to Claim 18,

wherein said backbone, said subscriber radio units and said hub radio units each support a packet
20 based data transfer protocol.

29. A broadband local metropolitan area telecommunication network according to Claim 28,
wherein said packet based transfer protocol is Asynchronous Transfer Mode.

25 30.  Abroadband local metropolitan area telecommunication network according to Claim 28,
wherein said packet based transfer protocol for hub to backbone communication includes both

Asynchronous Transfer Mode and Synchronous Transfer Mode.

31.  Abroadband local metropolitan area telecommunication network according to Claim 18,

30 wherein said subscriber radio units and said hub radio units transfer data on a millimeter

28
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microwave frequency channel using high order modulation.

32. A broadband local metropolitan area telecommunication network according to Claim 31,
wherein said high order modulation is one of 16 QAM and 64 QAM.

33. A broadband local metropolitan area telecommunication network according to Claim 29,
wherein said central operations node includes means for collecting packet quality and packet

volume data related to said subscribers, said data being provided to a billing system.

34. A broadband telecommunications network architecture comprising:
a first hub site providing millimeter microwave wireless communication to a first
plurality of subscribers in a first region;
a second hub site providing millimeter microwave wireless communication to a
second plurality of subscribers in a second region; |
a communication backbone interconnecting said first hub site and said second hub
site, whereby communication is enabled between said first plurality of subscribers

in said first region and said second plurality of subscribers in said second region.

35.  Abroadband telecommunications network architecture according to Claim 34, wherein

said millimeter microwave wireless communication includes point to point communication links.

36. A broadband telecommunications network architecture according to Claim 34, wherein

said millimeter microwave wireless communication includes point to multi point communication
links.

37. A broadband telecommunications network architecture according to Claim 34, further
comprising a plurality of value added service nodes connected to said backbone, said subscribers

having access to said service nodes via said hub sites.

38. A method of obtaining enhanced effective bandwidth in a point to multi point system

29
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22 1. A broadband | ocal netropolitan area tel ecomunication

net wor k pr oW@PHMSHM| xed m | linmeter m crowave band wi r el es®2CTUSNISWBCeSS.
conpri si ng: a plurality of subscribers, said subscribers -~

i ncluding a subscriber radio unit, said subscriber radio unit operating on
a m || imet erbétweésh@kab and 1 plopality of subsoribers having apjutalitycof cedtdmers @k operatingwhiach

sai d subscriber resigdes, at |east one of said subscribers having a
plurality ofmﬂhs’gts{éwve : %?@mm&and i ncl udi ng means for
perform ng statisticalgyniiitdilydiieeatingbaWitth fidrg stid phirdlity ofubsbribés;cqui pment
and said radio unit; a plurality hub sites, said hub sites, being

i nt erconnected by a Seammupigsting onseadrguensy channel using highworder medylatipniandy
plurality of hub site i js } j ﬁn&ﬁﬂl hieS 2QRE L ON a
sel ect ab¥e frequency vﬁgdyg'#%%@?l% ra |£m3 It CO?%%%%%’%, ng tEnga cel |
sector, said plurality of hub sites including neans for dynam cally

all ocating communi cati ng bandwi dth anong a plurality of subscribers within
each said cell sector; a plurality of value added service nodes,
sai d service nodes being coupled to said backbone, said subscribers
accessing said val ue added service nodes through:-said hub sites and said
backbone; and
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a central operations node, said central operations node being connected to
each of said Q9904586 by a control network and providing rereresosmsess ol of
said hub sites and renote control of said subscriber access to said service

nodes. 2. A broadband | ocal netropolitan area tel ecomunication

network according to Claim1l, wherekn said fygrality of value added service

nodes include at |east one of an |n&Eernet service node service, a | on\my

di stance tel ephony service node, a t el ephony service node, and a

vi deo servi ce node. 3. A broadi@a@®eég | ocal netropolitan area

t el econmuni cati on network accordi nggtgm aim1l, wherein said at |east e
.of said plurality of subscribers co i%e: an outdoor wunit, d
~outdoor unit including a radio tranEd-ei:Wer operatively coupled to —

-23- an ant enna; a Blurality of Hhdoor units, said inm)_ _

units being operatively coupl e;@ to g plurality o§ custoner prem ses

equi pnent; and an intepfRell |5 S interfacility link

~coupling said oytdoor unit to sai e oI _UNits, whe ebz) said

subscri ber radi z@it supports a <torf@dr pre Sy

equi prent . §|: < | =
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4. A br oadba

nd | ocal

met ropol i.tan area tel econmuni cati on network

accordi ng t oWQ9%/0#834 3, wherein said i ndoor units further cerUsoseso3s

a chassi s,
cards; and.

interface between said

200

A broadband |

br oadband | ocal

- claim 4, wheregra—seio

° dwel ling and at
* at a plurality

met ropol i tan ar ¢a

| east one %§
a sel ected
| ocal

at

m crowave frequency and provia

a line card,
aSSi S

netropo

r(.

ner

metrdpblitan area tel ecommunication
claim 4, whergin said interfacility link is a fiber

area teleconnunlch QN
| east one subscri ber

sai d chassis having receiving neans for a plurality of

line-

said line éard providing a service specific
and a cusd/

prem se eqU|onent 5.

| east one jof aiphplurality of 1ndQo Lqpnst | ed
pfl f§ oors df the\eN i ng. 7. A broa and local
el ecommiuni cati on et work agggr di n&:t.0.. cfa|n1 1, erein
Asai d-suBpcrifers is an\ntegraged s ub SRR ot apsbvi di ng
service to 8gst oy hr prem se -)1|p nt . 3 A br oadband
nmet ropol i tan area ecqnmuni o) etwdrk accofding to claim 1,
wherein said plurality of hub rgdio BE eag sapd qz site conprise:
a first sector radio unit Oo-ra;v g of alffi §21 Jillinmeter
g over age E aif e ceII sector
radi o unit opera nY~eamdr-Seeonilaehle i

a second sector

m crowave. frequency and p%ﬁﬁ
second sector being subst

di ng sQueraga

ially adjacent

1A — 50 MHZ

2A —— 50 MHZ

3A —

700

14A-——50 MHZ

e amr e ey
c CUTTU

o said fir

sector;

Fig.
(PRIOR ART)

MHZ

1B — 50 MHZ

2B —

3B —

- 14B—

Fig.
(PRIOR ART)
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- 24- means for frequency selecting said first sel ectable
frequency and wai9sf4sdond sel ectable frequency from a pl ur abCTYsIsfis038
avai |l abl e frequenci es such that said first and second selectable
frequencies are substantially separated thereby m nimzing co-channel
i nterference. 9. A broadband | ocal netd8politan area
.tel ecommuni cati on network according to Caim 8, wherein said plurality of
hub radio units further conprise at least a third radio unit operating on
"a third selectable mllinmeter mcrowave frequency, said third radio unit
_providing further coverage in one of said first and second sectors, said
smeans for selecting further selecting said third selectable frequency such
"that said first, second and third selectable frequencies are substantially
~different. 10. A broadhand | ocal metgyopol itan areauieleconnunlcatlgp
network according to Claimg&8, wherein sgd hub site coers a pluralltyﬁof
adj acent- and non-adj acent s®ctors and mhéTeln said meals for frequencyv

.selecting reuses said avai adj acent sec S.
11. A broadband | oqal netropolit § wy N netv@ﬂz—&
‘according to Caim i i fber raglio units
and said hub radi g udits eachjsuppprt a p § transfer
protocol : ,i§:=

—1(

403A
Fig. 4
(PRIOR ART)
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12. A broadband | ocal netropolitan area tel ecommuni cati on network
according tWooe#s34 11, wherein said packet based transfePCTAURBEWS s
Asynchronous Transfer Mbde. 13. A broadband | ocal netropolitan area

t el econmuni cati on network according to C.gim 11, wherein said packet based
transfer protocol for hub to backbone co ni cation includes both
Asynchronous Transfer Mdde and Synchronous Transf ModE-
broadband | ocal metropolitan area tel ecomunicati®n™gt
Caim 1, wherein said subscriber radio units and said hub radi o uni
transfer data on a mllineter m crowave frequency channgl using highforder
modul ati on. 15. A broadband | ocal netropolitan ar t el.econmuni cpti on
network according to Caim

- 25- 14, wherein said high order nmodul ation ohe of 16 QAM hnd 64
QAM 16. A broadband | ocal metropolitan @rea teffeco T T t wor k
according to Claim12, wherein said central -atfpons node i ncl udes neans
for collecting packet quality and packet vol dafa refgted to said
subscri bers, said data being provided to a billi systgm
’ Ll
‘\z
z .
o =
©
3 (&)

CHANNEL 1

Fig. 5
(PRIOR ART)
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- 26- ) an outdoor unit, said outdoor unit
I ncl udi ng a wed%eis34 anscei ver operatively coupl ed PCT/US98/15038 an

ant enna, a plurality of indoor units, said indoeor
units being operatively coupled to a plurality of custoner
prem ses equi pnent; and 5 6/8 an interfacility link, said

interfacility link coupling said outdoor unit to said
plurality of indoor units, whereby said subscriber radio unit supports a
plurality of said custoner prenises equipnent. 21

A br oadband | ocal ropolitan area tel ecommuni cgL net wor k ording to
Cl aim 20, 10 ein said indoor units further\g4nprise:
a chassis, said ch siﬁgﬂumﬂr@ recei ving nmeans forYa~@Q8ality 602e

cards; and a line card, said}line card prpviding .a

service specific interface between said chassis. Bhnd =z
cust oner premige eﬂwp nt . HUB HUB
RADIO e e o ¢ |RADIO RADIO
UNIT UNIT UNIT
620~ 624
HUB HUB HUB
mu | * °* * * °| DU IDU
SZZJ
HUB CONT_ROL!'_ER
62.6*S I
BACK BONE
INTERFACE

628 ~S

TO BACKBONE

: Fig. 6B
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15 22. A broadband | ocal netropolitan area tel ecomunication network
according to Qraev4A, wherein said interfacility | iPGI/USIS/EE0I8 ber
i nk. 23. A broadband | ocal netropolitan area tel ecomunication
networ k according to O aim 20, wherein said at | east one subscriber
is located at a nulti story dwelling and at T/ast one of said 2 0

plurality of indoor units is installed at a pluralit¥g® oors of theu

dwel i ng. 24. A" broadband | ocal netropg@litan %g

t el econmuni cati on network according to C aim 18, Z 20
.one of said subscribers is an integrated subscrjbe gf
“-selected service to custor@g@ prem £ e i p MOA
“--broadband | ocal netropolitan area 8& ec i catj on r&:@

Cl ai m 18, wherein said pl ut@ gty abdy

hub site conpri se: | NE<Sors Bh a
first selectable mllineter Amcr \Eé'af

providing coverage in a fifs 1 Ofel or\| 80w~ o sect 0

radio unit operatin sel#ct abl é\r)f_ill \grre

27 f're cyolana, p _,idingcvej’\gf,f

sector, said second sé€ct rDbei A \sobst anti al | ;

first sector, an8
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means for frequency selecting said first selectable fiequency and said
second sel eYQ 04534 frequency froma plurality of avBCimkisasess
frequenci es such that said first and second selectable 5 frequenci es
are substantially separated thereby m nimzing co-channel tnterference.
26. A broadband | ocal netropolitan are®/8el ecormuni cati on network
according to d aim 25, wherein said plurality of hub radio units
further conprise at least a third radio unit operating on athird
selectable m|linmeter m crowave frequency, said third radio unit providing
further 10 cov e in one of said first and second sectors, said neans
for selecting furthsr cting said third sel ectabl e frequency such
that said first segond and third sel ectable frequencies are
substantially diffefent. 27. A broadband | ocal netropolitan.area
t el ecommuni cati on n¢twork according to C ai m 25, cFi erg sai d hub
site covers-a plurality of adjacent and non-adj ac®nt for nd wherein
sai d means ffor frequency selecting reuses said avail abl e
frequenci es on sai d|non-adj acent sectors. 28. A broadband | oca
met r opol i tan ni cati on network according to C aim 18,
wher ei n sai d Jbackbone, saill subscriber radio units and said hub radio units
each support fa pa&lEMJZO based data transfer protocol. 29. A
br oadband | oclal netropolithn area tel econmunicati on network according to
Cl ai m.28, ereln said packet based transfer protocol is
Asynchr onous ]¥ sfdr Mode. 2 5 30. A broadband local netropolitan area
t el econmuni catlon ndtwork according to C aim 28, \her eg }
packet based transfgr protocol for hub to backbong EAYEIN cat
bot h Asynchrjonous Tran nd Q'nv”;gﬂggapT oS+
31. A broadband | ocal- netropolitan areajtel pconm i bn ne}
according to Claim 38, |
g H IDU 812J 810

P J
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On i ncl ufles
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1 ¢ o~

30-  wherein.said subscriber radio units and sai d-héb radic Ui te§ "t Ansfef "
data on a mllineter I o weormn oo
28 m crowave frequency channel using hi gh "order nodul ati on.

32. A brqadbang, | ocal tropol | e C OMATIAE
“accerding to d agmogggmdqgcalnpq?ﬁ?gﬁgﬁﬂ%é%ﬁalteﬁé gh or’ er%ﬁ a[%l‘lé girélﬁilfé;ﬁ Xed ot
16 QAM and fiirk¥i# midkowave band ¥areless dodal acvadbrdtehprisl: metropol itan area

t el econmuni cati on network according to Caim 29, wherein said
central operations node includes neans for collecting packet quality and

. packet val .dat el d_t ' k '

“provided to a bialHﬁﬁﬁgg’sﬁyé%n%&%Osa&gs@%#gb&%}%%dgﬁiéﬁg s?@égé'%ﬁn’érﬁhﬁ?’?gw ons
~networ k ar GibdegibértadioGtivpefiting on a millimeter microwave frequeney torrespoiding & 4 eell
providing mllineter mcrowave W reless communjcati %n {.0 ahf I rst .
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said hub sites including a plurality of hub site radio units, said hub site radio units operating

on a selectable frequency with at least one radio unit corresponding to a cell sector, said
plurality of hub sites including means for dynamically allocating communicating bandwidth

among a plurality of subscribers within each said cell sector;

a plurality of value added service nodes, said service nodes being coupled to said
backbone, said subscribers accessing said value added service nodes through said hub sites

and said backbone; and

a central operations node, said central operations node being connected to each of said
hub sites by a control network and providing remote control of said hub sites and remote

control of said subscriber access to said service nodes.

2. A broadband local metropolitan area telecommunication network according to
Claim1, wherein said plurality of value added service nodes include at least one of an Internet
service node service, a long distance telephony service node, a local telephony service node,

and a video service node.

3. A broadband local metropolitan area telecommunication network according to Claim

1, wherein said at least one of said plurality of subscribers comprise:

* an outdoor unit, said outdoor unit including a radio transceiver operatively coupled to
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a chassis, said chassis having receiving means for a plurality of line cards; and

a line card, said line card providing a service specific interface between said chassis

and a customer premise equipment.

5. A broadband local metropolitan area telecommunication network according to claim

4, wherein said interfacility link is a fiber link.

6. A broadband local metropolitan area telecommunication network according to claim
4, wherein said at least one subscriber is located at a multi story dwelling and at least one of

said plurality of indoor units is installed at a plurality of floors of the dwelling.

7. A broadband local metropolitan area telecommunication network according to claim
1, wherein at least one of said subscribers is an integrated subscriber unit providing a selected

service to customer premise equipment.

8. A broadband local metropolitan area telecommunication network according to claim
1, wherein said plurality of hub radio units at each said hub site comprise:
a first sector radio unit operating of a first selectable millimeter microwave frequency

and providing coverage in a first cell sector;

a second sector radio unit operating on a second selectable millimeter microwave
frequency and providing coverage in a second cell sector, said second sector being

substantially adjacent to said first sector; and
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_ means for frequency selecting said first selectable frequency and said second
selectable frequency from a plurality of available frequencies such that said first and second
selectable frequencies are sitbstantially separated thereby tinimizing co-channel interference.

9. A broadband local metropolitan area telecommunication network according to Claim
8, wherein said plurality of hub radio units further comprise at least a third radio unit
operating on a third selectable millimeter microwave frequency, said third radio unit
providing further coverage in one of said first and second sectors, said means for selecting
further selecting said third selectable frequency such that said first, second and third

selectable frequencies are substantially different.

10. A broadband local metropolitan area telecommunication network according to Claim
8, wherein said hub site covers a plurality of adjacent and non-adjacent sectors and wherein

said means for frequency selecting reuses said available frequencies of said non-adjacent

sectors.

11. A broadband local metropolitan area telecommunication network according to Claim

1, wherein said backbone, said subscriber radio units and said hub radio units each support a

packet based data transfer protocol.

12. A broadband local metropolitan area telecommunication network according to Claim

11, wherein said packet based transfer protocol is Asynchronous Transfer Mode.

13. A broadband local metropolitan area telecommunication network according to Claim
11, wherein said packet based transfer protocol for hub to backbone communication includes

both Asynchronous Transfer Mode and Synchronous Transfer Mode.

14. A broadband local metropolitan area telecommunication network according to Claim
1, wherein said subscriber radio units and said hub radio units transfer data on a millimeter

microwave frequency channel using high order modulation.

15. A broadband local metropolitan area telecommunication network according to Claim
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14, wherein said high order modulation is one of 16 QAM and 64 QAM.

16. A broadband local metropolitan area telecommunication network according to Claim
12, wherein said central operations mode includes means for collecting packet quality and

packet volume data related to said subscribers, said data being provided to a billing system.
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