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voi ce conmuni cations) point to nmufti point systenms have not been generally

appliedlbo bngiggﬂﬁg“gﬁ@gconnunications net wor ks. Today's narrowband poi nt
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four 64 kil obits per second channels together in what is called a "TI

line." However, this Tl line is still considered a narromband facility when

it is used to suppBfPresentdispiosurs snlates to pamattopelitappidespanetvorkifar o nufti

t t
For sevaral y2aebingiaof Bsferhd 1iafidulr s RFeniH relfisi dhmEBARSE oF FWHRCEE
Above 18 G gglointtemilti pdintisgitem operating/in tiee mnmaenmim)ravea'adiommﬂidny in

t he 37 (agahert 0 40 |caII ferred to.as "3
G- pdPas . blefigemeHopalis pira Rropdreod BAkpoRLRRTvaRsb eRARIE B vaRL Af Shepced
broadband W rwji@sBrohdvali& dith enmditiniaiatéleddntR@itation sé9ices.per f ormance is 1 o
functionally equivalent to that of fiber optic telecomunications. Fixed
wirel ess technology at frequencies of 18 GHz and above is gaining
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unobstructed |ine-of sight transm ssion. In practice, snmall di amét A 2002
antennas are nounted on office building rooftops, and in sonme cases in

of fice building windows. The size of the antennas vary according to the
sel ected frequency band, but typically range from12 to 24 inches in

di aneter. Manufacturers 5 indicate nean tinme between failure (MIBF)
statistics in excess of 10 years for the radi o and nodem conponents,
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second ¢hBSg)s. bhp'awbmcbminﬂtﬁ n@it peinasyplems havealso/lpdendn usu in Europe for voice

poi nt -t 0- poi nt _br oadpa mercial application is the interconnection of
mul ti pltélegmyqu E’g’ré I*¥¥cal area network (LAN). Another such
apgication is netropolitan wide area networking. Here nultiple canpus LANs
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mlli rreter m crovvave technol ogy is al so being used to provide m ssion
critical pro i on, channel s and ot her nt alternate youting
wher e ext ensllg ixed wareless technology,a °PF‘5%‘|’fO h@bﬁmﬁﬁbo‘ae Iscgé%i‘ﬂg(ﬂ?f’!‘{?ﬁ‘l'y i s not
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t el ephone network (PSTN) for the provision of |ocal dial t one
c 0 rrpet i instablationcand md»fanpgatmn.SCommg twq gteB@dth pmnt+towpmgwpolesst semcepm nt
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C U st 0 ”Eﬁccbﬂxb&iﬁﬁ’i' fifieby Qfhigrient. %%ﬁﬁ%vlrel'% HoCIHVE @5 be Ethnbited betwesndhé
broadband (data, video etc. % 3 0 narrowband ‘(ﬂ;/m ce) applications. A
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up streets, obtaining permits, etc. Because the deployment of broadband fixed wireless

L

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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38 to 40 GHz range. Simlar frequency channel allocations can be
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channelized spectrumal location as illustrated in Figure 3 is shown.
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broadcast of_i.nf [ ONn. gver. W r ss | {nk v a k1.ng. 5 of
the sams. chaPHBree Rt Pk TR Bofmelsr i ind pelsr i con P Yy .
one 3 0 ant e(PCS) bpératots Mapdeplsdi High availabikifyswitdldss fabilities ifbh Giillimeted niitowané enna
of the intended receiver, but a portion of the signal is also being

recei ved by 1eRge intheinharkbenanesvorks tosuprortharck havl Yetwsgn ntenna sites; bagerstations

si gnal rruptd A SO0- MHST FIY 1Y g = a host
bui | di nigb040 129@0'%55#??1%;3“;@?%“?2%&%W%Sn éé?%@gs\clsﬁ’gu}tct)ﬁ PE‘?‘g‘lgpﬁ'Sékém ennas
403A) 403B) mfitdcvavedectnslogy issqisdicingaisyd foprovidemissionickitical peotebbidérchatméls and 04C
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cl ose together, transm ssion signals between buildi n%; begin to overlap. To
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prevent the telepbbrenetwvork (PSTN)for thepronision ofiechl dial tane byrcompelitivg locat exphange
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channel 2A/ Z&domm@mmﬁgnglylpbpﬂhng 404C. Even though channel | A/ 1B

partially overlaps the transm ssion of 2A/2B, the use of , different
frequenci es (channels) by the two systens provides protection from

co-channel interf {g«am:f . ant iJ15

transmtting a porF 1 on 6?@?%“g??ﬁﬁﬂ“@@%ﬁ@%ﬁf#ﬁg@*@‘?ﬁgﬁ?n?g‘r?ﬁ‘é but
each syst em imertonneetion toservices. (Thés cennhection-wijl appyrt brahdband: (data,srdeosito)ard om
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Tanagerir t DR O (EoiEey sOPUFsHioR, AduHomp i, 8 Shpyis 200 Sod RGBT |
wirel ess net wulfigle (lARMSY RGs édhnéldtEts aﬂéth&!buﬂaﬁgaoz RRRYGEs 4 Rfecbmfndications
addi ti onal channels to avoid co-channel interference does not naxim ze the
information transport 2 0 capacity of the licensed spectrumand is
therefore inefficient. A solution to this problemis needed. Figure 5
illustrates an additional spectnitn managenent problem associated with

poi nt topoint systenms. Building 501 connects to Buil ding 502 through
channel 1. Building 503 2 5 connects to building S04 through channel 2. The
solid connection |lines 505) 506 represent the




W reless transm ssion that is intended. However) because the "tra%gnAPR 2002
beanmt is about 2 degrees at the source, signals can be received by other
systens that are not planned but happen to be in the range of the transmt
beam of the originating system The dotted |line SO7 represents such a case,
where the systemin building 4 incornctly receives the transmssion of 3 o
the systemin building 1. If tw distinct frequencies were used, there

woul d be no co-channel interference. Once again, frequency nanagenent in
poi nt - t QzpAl AN : | : l{gﬂg‘ﬁgg h

mul ti pl get@ﬁﬁ%\»g}@g 2?2%‘?3?@*‘%%?{%‘?@*#@@% ér‘ék#aaln a oev‘\'ﬁrnngvt gfg%ect rum
t 0 be uswmtennas: cme antering 204 pethe cistdnzem Huilding) .thduthért antensgp2@5catitle ildingsi ve and

i n many, cases, t hers e Lestrictions.on the nunber, 5 sj and .posi tion of
ant ennaboGRuTA o B2 8 pendsioth 38 Eonneciiog sgeia e v J eE L SHREBCE oy ot o
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systens. Thus, a solution is required which permts the expansion of

wi rel ess network capacity) and thus the nunber of users, without a

cor r espondi n§igurcd issacrepriesentation pfiarbexemplarysystermdefined clianoelized Bprictrunx o- poi nt
systens provi de, user Lt h what...is.cal.led a full peripd connecti Full 15
eri oa elfides P Bighistor e Bt Bicrhnale hoanenleR, o) MR RSE ¢ ne

t r 89S POlgpectum dMoC4atiBALp1 Yor Mm'blemphiry Aillikfetef hiSrowa R bAaE bt Mokt 38 GHzze

dedi cat ed spectrum which) once assigned, is unavailable to other users.
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the 2 0 sule@htnhélts féceive! THRsO 6w SU MHZsub eharheRukestharitedl by JOOMHZI 8f | abl e.
Bandw dth utilized by point-to point systens for variable bit rate

appl i catspestaim. Asghopadn Figure:3,sub ehagnel ALs 50 IMHEZ widrand)it is asreasmitinginel on a
: atror ¢ ; e . ; "
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ef fi ci et ig separdted fromzab tlidnfell 1B by T00MH 2 Thikand phan wieldssl 4 chinmel 1400 LAN
data transmssion. 25 It is an object to create a "full featured" |ocal

met r opol Y& PrdAGHE) ofsnssicum i the cated 384 40 GHzsmee; Aimuardreguensye

capabl e onH DRRGbkaR By ORI PIRILA Bl IS il midroBabl TS anot her

object to use el ess telec nications technology as a key enabler
of br oadiequendiesaa iwellc inchding@4a28w1drd0 (32 inthe Bnited $tates e 2R and26tGHr in net wor k

of fezi ng. 6 1_~ APR 2002 a Lce, an t, rvices. 1t Jjs an object
0028 eitape. Eor tnamnptea e 24 PGS bt G thectitifhe Sk SsBiorn e fadeely

et r opol difogatedintrsiRgle 8SOMHE WwidesHaLY1bAKE LHEWSver) 8hohA HEck spedtfurh S an obj ect
to overcone the sgectrum managenent limtations associated with the use of

poi nt - t cllesation can pe gubdivideddinto system definadiphannels fnsachieye thegame resplf to;that)h; ect

to allo <Lt hi; tion of nultiple channels to drive additional network
10 capa\(l:%httogﬁi’%%} ca?' met ropol i tan area broadband tel ecommuni cati ons

networks. It is an object to mnimze the nunber ofwreless

te Izesc ormmuni ¢ al&eifgrr}insgxg i’?grtrn;fe i{, eaq)lzja;ig gpdectrum 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 other in a
metropolitan area, the broadcast of information over wireless links may overlap, making the
use of the same channe! (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



.on rooftops to provide access to |ocal netropolitan area broadbanq
t el econmuni cati ons networks. 15 20 In accordance with one force of ZI‘@PR 2002
present network, a w de area conmuni cation network includes at |east two
hub sites which are interconnected by a communi cati on backbone Each hub
site provid 3 . ' ) 0 sector. At least two renote
sites resi dgﬁP#%ﬁ%ﬁ‘%@ég%?é@g‘ﬁaéhg?@%‘%°3%?%‘82fo a corresponding ht~b site
via a point to 2 5 nufti point broadband wi rel ess system The network
preferably includes, at | east one service node which is accessiple to the
renote sites vi alnRiguredsa st buildingi40l-containiag a switch403iseonnsctad via fawrronliep

t o1 ommunt ARER MARARE, foaCledd RABIEREABAD rdihllE BinEEIAA 4B, 404
access 50 a asd 404D, cadh With R5IBWE EorRRpcndinh 8o R dnnk. SHown/betwiehf thess Blildingher

radio unit operating on a mllineter mcrowave band frequency corresponding
to a cell sétaenceptughsenresentation of the spectrunpbemgputilized by sach ofdhese pointrte-point

| east one of,. ri : ' d . em se
cqur pren; andrerss HRRE ABBRRRboFubse b Bk Bl REPR EighlifBribisth B8Ry °0 2
the plurali tygiafto 6veiapTTd prevestithecoschahis) iitérfdrdite dedofibed mahe preédingini t . The
net wor k i ncl udes i’;ﬁgl urality hub sites which are_interconnected by a_Sonet

based back [Bamerapiifferent chamnels must he ised &0 epnpeds buildings that atein doseproximity.
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corresponding to a ce sect or e I ncl ude means ftor
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network further includes a central operationS node w I s connected to
each of sai dhtywrongireesivipgantenna,hut eAchsyster isd tuned” toradiffgrent frequeney anscess and
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of the present network enbodi nents 15 will becone apparent fromthe
foll owi ng detail ed descri gt ion of illustrative, egbodi nents thereof, which
is to be read i n CGFRENCY Mappgementischaiqus HHows Indaswre 4avaids coshanoel, 1 is a

protorial dliak@ithtd mRHIAS hiifofks !dﬁ@é#edﬁﬁ&&%?%t{ah%&@lﬁ@e@&qﬂém additional

t el ecomuni cations network utili zi I xed W rel ess point-to-point systens
oper ati ng atchasndli-to aveidzoehanhel intesferenes does oetgsaximiza thoinfdrmation transportan ar ea

b dbagnd tel i cati t . 25 Fig. ' i,ctorial, di
1 1 st 238 1 npeRacy s e e soceuane is @geleripe@sien & SO ® s RFBIE e or
for providi ngee@etht oner access to tel ecomunications services via a swtch.

Fig. 3 is a pictorial diagramillustrating a spectrum allocation plan
having allocated or 3 0 system defined 100 MHZ channel s divided into 50 MHZ

subchannel s for tlﬂ@mle rs%ﬂ&é??a?é Ex?gdd?{?&]mal 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, 506 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



~~ 2 APR ~~ reception of signals, wherein each transnmt and receiY4e) APR 2002
subchannel is separated by guard band of spectrum Fig. 4 is a pictoria
diagramillustrating a point-to-point fixed wreless systens deployed 5 in
a hubbed network configuration in accordance with the prior art in which
there is a one to one rel ationship between hub and custoner buil ding

W reless systens. Areas of overlap illustrate a co-channel interferonce
phenonenon encountered in point-to-point fixod wireless networks. Fig. 5is

a diagragmwhi ch il lustrates anpt.her. co-channel interference phenonenpon |0
encount 3’?'&‘5” i°ﬁ"$b"%? al“ﬂ’-‘%%&’rﬂwﬂt'}? °W?°é’?‘@§§8‘€§/§l?%ﬂ§g sp faReusrd . Fig.
6A i s atsliAed intlemehidPbanddvidinl @ fi xed wireless point to mufti point

i npl ementation in which there exists a one to nany rel ati onshi p between hub
and customer systens within a sector enployed in the present system 15
Fig. 6Bis a blgck diagramfurthgr i1l ustr ingﬁth%{}ub of Figure 6A as
used in the [NOQUERSPAGRIS fXpensivie;agd inmany cascs;there Aon rpstiiciians op Tor esent
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operating in the mllineter mcrowave frequency region (i-e. frequency
bands ofphysicaliz and above), which allows a many to one rel ationship between
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number of users, without a corresponding increase in the number of antennas rooftops.

Point-to-point systems provide users with what is called a full period connection. Full

15 period connections are “always on” (connected and active), awaiting the transport of
information. Full period wirelass connections utilize dedicated spectrum which, once
assigned, is unavailable to 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

cnabler of broadband local access to a metropolitan area telecommunications network offering



;10 by conbining inprovenents in spectrumefficiency (and thus avéﬂﬂaﬁfg 2002
bandwi dt h) with enhanced intelligence in the nmetropolitan w de area
network. Figure 6A illustrates a point to nufti point mllineter mcrowave
wirel ess system 15 characterized by a "one to many" rel ati onship between
hub and CUSBE% em"éedd'ﬂg g‘l"% ystems. In Figure 6A) a hub site 601 is
equi pped w t a%tenﬁas gg?ﬁ 0 eind 604. Antenna 602 transmts to a
"sector" 605, which covers the physical space occupied by nultiple
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enbodi nent of a hub site 601 for use in the present network. Antennas 602)

603...60n, correspond tp frequency, channels within the selected mllineter
ni crowave band. CeWéR& Jegt)togﬁ@ny; RRymRer ohwirless telsc JGRlPn; gystgms requir
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is required, the present network 5 provides for the assignnent of multiple
channel s t o networks. nore cell sectors. .Each antenna preferably includes a
corresgg?ding hub radio unit 620. To avoid signal |osses associated with
coaxi al™lines and waveguides at m|linmeter m crowave frequencies, the hub
radio units are preferably coupled to a correspondi ng antenna as an
integral unit which is mounted on a roof top or tower. 10 The hub site al so
i ncl udes hub i ndoor units 622 which are coupled to the hub radio units
(IDY) 620 via an interfacility link 624. The interfacility link 624 is a

w de band connection, preferably taking the formof a fiber connection. The
hub I1DU s are connected to one or noreSHMMARY rol | ers 626 which nanage the
openﬂiigland data transfer within the hub site 601. A 15 backbone
interface 628 is included to enabl o connection and data transfer with a
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| ocated on the ring represent point 2 5 to multi point hubs 704, each
covering at |east one cell sector 706. In a commercial urban environnent,
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network al so includes | %L O~"at |east one central operations
node 713 which is connected to each of the hubs 704 through a control
network 715, such as a frame relay network.? The architecture of the
mllimeter mcrowave point to nulti point wireless network 5 generally
consists of cells 714 with a 3-5 mle dianeter (1.5 - 3 mle link

di stances). Each cel




714 consists of a nunber of sectors 706-1) 706-2,..., 706-n, ranging in
sector wwdth from 15 to 90 degrees. A hub 704 is |ocated in the ceg&er Bf 9
each cell, and rmultiple renote subscriber systens (subscribers) 71 Iég t%@
in customer buildings within a sector comruni cate with hub radi o equi pnent
to establish wireless links. Bandwidth within a given sector is allocated
anong 10 the renote subscriber systens provisioned in that sector by the
correspondi ng hub 704. A sector may utilize the full bandw dth of a single
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BRIEF DESCRIPTION OF THE DRAWINGS

20
Fig. 1 is a pictorial diagram illustrating a local metropolitan area broadband
telecommunications network utilizing fixed wireless point-to-point 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 spectrum allocation plan having allocated or
30 system defined 100 MHZ channels divided into 50 MHZ subchannels for the transmission and



 STM (DS-3) interfaces are preferably included between hubs 704 and the
backbone 702. io This network architecture utilizes Asynchronous TrafbfeAPR 2607
Mode (ATM as primary neans of transport in the network. ATMis a

packeti zed transm ssion technol ogy which organi zes information into cells.
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exanple, 1na mllineter mcrowave bahd where spectrumis allocated 1n 50
MHZ ful | ethppiyed icthe presérd systémt is, 50 MHZ of spectrumin each direction for
a tO{%| of 100 MHZ per licensed channel), the maxi mum point-to-point data 5
rate of today's fixed wireless technology is 45 Md/s) or DS-3. Higher order
nodul ati on t e@ly)i6BUS & biuék diagfan furfBeMinsehtiag tHeib of Fijiuge BA afludedin hépr@eAtS | N
overall systemgain will yield data rates of 4-5 bits per Hz per second or
nore. Thingtwarkns| ates to a significant increase in available bandw dth per
channel . Thus data rates of OC-3 (155 Mo/s) per channel per sector and

hi gher are attainable at mllineter m crowave frequencies. Spectrum
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transm ssion in a systemand the fact that all users do not require

bandwi dth at all tines. Statistical multiplexing allows cells conta ziABR 2002
data originated by different users to be transported by the m ni num
required spectrum In this sense, users share the allocated spectrumin a
wi rel ess ATM network, and the aggregate bandw dth requirenent of all users
In the system2 5 is served by the spectrumthat is available wthin the
systemat any given nonent in time. This results in "statistical gain" in
data capacity which aI I ovvs tel ecom*rum catlons netvvork operators to

"over subscri bEaAlkRIUNCIRISIISHE S RRRED EME MES al | users in a
gi ven subscri ber Iocatlon (e.q. rruftl-tenant offlce bUI lding) will not
require all capacity aIIocated 3 otothat location at all tines. Aver
subsc] Netwerk Topblegy (St ati stical gain) as high as 10 to one ( 10:1 ) 14 1
2 APR 2002 are possible for links on which the majority of the information
is transported in short bursts ("bursty data") as in the case of LAN-LAN
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abs. " Sorinkng mpreSPREYe o QRdet e Bt pafltic tineydt wiekenaeet
mul ti ﬁhﬁﬁg&ge,ﬂme%d@w,mpwmdméﬂ_ be transported over wreless
networks very efficiently. For instance a |large file can be broken into
cells and transmtted over the network with other cells of smaller files
i nterspersed in the packet stream Thus) the small files do not have to

wait for the large file transm ssion to be conpleted) 15 and the network
oper at es niighrebAiitlustratdsya poiat tolmulti Wxﬂﬁﬁilnmb&ﬁdmmiveahmmtsyaanbet ween

subscrl bers &6 within a given sectar nmonentary requirements for
thYrasoge wnng .rele\mvbwﬁwese hsb muaﬁomemﬂ%ge tadiq systemy.

band o6t t; ﬂmﬂ% 8’ ps at the
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buildings in a sector are conbined wwth ATM statistical multiplexing (over

AMsc ndpmecsm)deo fAlbefithebuildingsiin o sectargenasallyy vtilizesy singl¢ channel; sed¢orchannel
bUI|d e S, he information transport
capac:1 Lév]ﬁ lﬁeﬁéég"s&p"elé F%ﬁ;@ﬁﬂ\%g%w%ﬁ%ﬁougs; of the present

inventlon Capacity is further increased with the use of highly efficient

nodul ati on schenmes such as 16 M and 64 30 M
%‘o prevent co-channel mterfgeb\nce at the edges of %A\ctors, 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 channel 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-channel interference.
30
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,1~AF+2002' The present systemutilizes a depl oynent strategy known ak2 APR 2002
"hubbi ng", which 5 concentrates one end of many wireless links on a single

bui l di ng rooftop or "hub". Each hub 704 can connect to nany renote radio
systens 716 using wireless Links. Hubs 704 in a netropolitan area may be

e D T e R R

704 are VOHRE A ndérinks ORVE63V domhi m‘gﬂﬁ &h@g iR W e bri dge
wirel essqﬁﬂﬁg' g\cdr%o@%thé g%yciﬁgb%déﬂ%d?o 10 esta |é coﬁnect ?ég%g bet ween
subscr i bemillimetet microwanediand.uGenerallye ose frequandyechahmed &stassignedto atdoerespaindimgk t o
access seryices. M a hubbin networ ki.ng is e ed t,o significantl

i ncrease ?ﬁéeﬁtpf@ﬁ'?‘\?geyﬁnﬂ WW@E@Q&%E@E@E&B?{W@“@ Rresgut RRAWPLK, i ge
accesg 1 Qyrgyided fof the aﬁéigﬂiﬁélﬁlﬁi‘ rﬂﬂﬁﬂe égﬂ?tdn%pfn%res&h‘ébﬁﬁﬁz Eééh ditendy esent

hubbi ng architecture 1S applicable to poi Nt -t o-pol nt and polnt to

mul ti poi rpreferablylincluded aeorrespondingimb radio wmitG20n Totaveidzignal losses kssociated withm
each hub su ts one antepna fqQL each,link it connects.to the hackbone
et vior k. SPRCIRE IS and Wageauss S imF G BIGEae PRHeDSEt GHe BRD 4D PRIREE of
ant ennas {eRAHIPHSpleINsS chilesbii Kis i St e
hub usi ng pol nti-]t o-ppoi nt chX d v‘m rel ess s@%ﬁgﬁ%%ﬂﬁg?ﬁﬁ%‘?ﬁ?yg&s a
enbodi nrerartowe? o the network architecture enploying mllineter mcrowave
poi nﬁ-to- poi nt wirel ess tel econmuni cations systens in which the wireless
faci FPti es connect customer locations to a net npolitgn area backbone
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net wor
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wi de. 20
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
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Utilizing fiber in the 1FL 808 provides significant benefit in 12 APR 2002
i nstallations where inbuilding conduit is ah~eady tightly packed with

t el econmuni cations facilities and little roomexists to pull new cable.

This is a commonly encountered installation problem Because fiber is nmuch

t hi nner than coaxial cable) it is nmuch nore readily pulled through existing
building 2 5 conduit than coaxial cable, making the job of installation
much faster and |l ess costly than woul d ot herwi se be the case. Another
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806 aPd SogeE it fod F1GARTTRe Clik M Sa b Hihuhlc b lsiiaepar " 70" 3
pr ef esysteme(sbissdiibars 716flodated in oubtomerbnildingswithiasseetor banminsicate ivithdubt s f or
receivijg service 10 specific |ine_cayds.812. Line cards 812 are physically
i nser F‘H“Wﬂﬂ“é‘hﬁg%qi‘éh Whrelgssd 'oﬁé?‘é"‘a Withia g giyea gectaniga te&@f’f)%t ed via
9@ t WeHer ; j | Al cards
30, Akl R Getets PRIl L Mal WL by oS Blroing R TOL A st 05 1
DS- 3) magmitilize thefaellrbarididth of Esingle atocatéiathenneki angrultifild/channels faibee | i ne cards
812 i turn,connect to a backpl ane for t ocol .conversion. t TM for
trans r’rftgéﬁ_"gng‘ 4 35510 &0 mes P"%m‘lé 8%?%?&’&?%5@%@6&%?’5& e%ﬁ'é&“}t}pge ol ol s for
t r ans geSehPloged AU itidRal hib radfd GIEER) Shd GRinRL R BHa® McYor MHERAAE tolfle B | | NE
cards 812) each of which nmay provide multiple ports for I nterconnection
with @& For exanple, a typical DS-1 line card pernmits the connection of 4
-1 lines (4 x DS-1) per card. Line cards are inexpensive, thus the
i'Hcremental cost to add customers to the network once the basic renote
syst em equiTheRskignntent 6f the agﬁnﬁxﬂsébtwhdi i8 @ nbfitrivisl pRoblem). Ofdd&ignnst al | ed,

services 2 0 provided by the Iine card 812 can be |ocally enabl ed, or
pr ef eoBisclive isdominimjzesheenstef thereguirerhiectiye Radiated Pomer (Edé’)c Nerrow

his. aeyiom A Biahihaidrhg U o ek BoSpe @pRede AORARR TR, Mol o
t el ec earhigectorréquires it'slownaadio sydient, so malrbwisectons fncsease theequipment colst of f i ce

b’f 8 d 'reqhiredto ct?veer 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 muiti point metropolitan area network, hubs 704 are
interconnected on the backbone 702 by fiber or high capacity microwave radio facilities in 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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,supported by the 10-20 card chassis described above. In very Iargel ? APR 2002
buil dings) two or nore | DUs can be interconnected in "daisy chain" Tashion
to expand the number of service interfaces available, and installed on
different floors where conmon space and nmain distribution frames may be

| ocated to seryg :ﬁ&ﬁﬁ@gﬁk&m@@i@ ort ax&f&;uagc@aﬁmq%m%ﬁéwo% w/ery
small, low cost 3 0 indoor units with Tixed service Interfaces to serve

Smal | O flacilgatelcarncctionsdstweSOrltipleichstcgner ldcations-and DE0en custainert locedtions and

hese SraPtWoREgsrich Ao, AReHioRdy Trimie MM Sis ARl mad fapapt a4y o1,
cost 10 PrRBE fordhdprestat mbesholitin afda neBVotk afthitecddire © HATRES efVfisianddMatshske | DU

of this sort would provide interfaces for nultiple 64 KB/s voice |ines and
an | SON draditiohalrconunection-pri¢nted arsymebriops telephony twanspert piotacols wille ilized as

addition to oved { effciencies a esul ti ]

i ncreas e§?“§*°gﬁ5ﬂsﬁgﬂig%ﬂ %h‘éqri(%?l‘éfr gﬂﬁr B'Ld REHs ?WS%&W&SQ%) and

achi evablgrN{$-3p fitétfactsCaré PrefdrabilPindfudedBetResrEiba 08 Gid e backbdhé Fogret or

m crowave frequencies. Operational conplexities are elimnated by replacing
mul tiple antennas on a hub roof top with one or nore point to nufti point
hub ante and, jastal l ation costs are |ikew se reduced. Once a hub 704
i's instaMcustomrs to the network becones a matter of
instghling subscriber systens 716 in custoner buildings within a covered

section 706. This is in contrast to the requirenment to engineer and install
equi pnent s Thip oetworigarchitecirrngilizes Apmehronens TransferdMpde (ATM): a8 primpryt merns of

poi nt -t 0-nAj o N ik G, L Lel e aoh . '

P ovi si oriApoEt e phISHEATI B'a iR ol on RERRIGR Whick St Flrion .,
def i nabl ento@eNs. The 6dlls havela “headds\und a&'geylodd'!r Thegieatiéraiebutibe® wisat iind o datd islive r
systens | ocated in_custoner huildings. Services are provisioned, nonjtored,

mod |h fi ed theweylesdapdwhers ﬂqerdaﬁmiﬁmé@mi'?aéﬁ- The gelispropsexc M@W@ﬁﬂ%ﬁ‘n"ﬁ°
techRbCl 3iids\thd Panaﬁﬁgé)cgifi bP&e‘a{/@gg EQH’ g%h% ﬁéeﬂﬁi&f”}ﬁééﬁég‘é@feﬂn&mﬁ&me&%

t hrough” "provisionin ser to t nd-user service
i nt er f ac etheealld pemmits neconstmction of thesomredd ecll qudineepridiio délivenyrte thercustomerpretise an

7 cohnol ogfRumeRhc AT B8 FriER e, S SN Satiry s agd veaS
{1 adi {1 ONalyidesh) AMPRUMIRE teWath if O W I8, *PRuse KTMOsodpableTaRARAR A diédTBath 2

services. 3 0 Tradit t el econmuni cati ons services for the comerci al
mar ket i randyideo ig a singlei telecongnunicationgyegnsporp oetwork.

20

P

g

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 (Ethernet, 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 3. Modulation and Svstem Capacity
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_grade local and long distance services, (2) point-to-point dedicaﬁeg APR 2002
facilities at DS-1, n x DS-1 and DS-3 speeds for voice and data, (3)

swi tched data services such as switched 56 Kb/s and Frame Rel ay) and (4)

hi gh capacity point-to-point data facilities, operating at OC 3 speeds and

above. 5 Energing broadband nultimedia services supported by the present

networ k i nclude high speed Internet access, web hosting and information

services, native LAN LAN services such as Ethenet and Token Ring) and video

Vi deo pr oo TR AR AR NG ORI, T IO hELAISE, BRT 10
W el efféctive daatite of 0AEbIS piri HYfR, pePsccOiRl, IFr eRiripla fif a piilimetdraniedwave band ual | y
any data rate to neet the bandw dth requirenents of such services.

Resi deherespeetim isallosated in SO MUZ ul duplex, channelg(thatiis, SA MIFE of spestyadr of t he
b .3 el | . lications. A
0 gl Mk AT SR  hod SAARTChiakiigd Pl ARG | O

disst apaeof tok: witélesseechnblogisiSvebl's,| 01DS-8.c Highecarder hedulatiohor mat i on

services arid e-mail, and sel ectabl e video pngcarnm ng. Access to the

net woteehniguesuch as) 16 QAM apd 64 QAM, alongavitly improvements in pyarall systenrgain will e | .
ATM ' Vi ). Caf: t.Qus based
br oact i Blesftars B beeHRboeP RoafiFihorey His HnlRECt' ChigliRRR! hctéads

subs c avdilablethandwidtie geruhtnrieh MThusidat rited of O@43 (465 NiW's) pérdhzined perrsector amd t 0 t he

networ k. The overhead in this,custoner's ATMcells ul d, gyarant ee
megabhighenire gitainghle atmyllimatsr miczopave freguensissy Spectum gfticiencigs i the range of, o ¢

tdy s fqzqﬁ ] an ﬁanxge |4 t wor k
c@pac?{@“ EL{ s%egc ru?ngﬁﬁqggrﬁggﬁ%“m?b%’?n‘ﬂﬁ?%%ﬂ’ nt - ?xe l\%\f lggﬁqg@s&lg%@;eeg@ﬁnetmr k)
i s noidatarates of deyerahgigabitsipermescdnd of avsilablebdndividth arereadily acitiénablethasedson ssi ons
on the network. ATM QCS, paranmeters can be psed t rqQyi de varying,l evel s of
t hr ouéﬂb%‘f"\i\gf’f’"csﬁ'émﬂ‘é‘f einecang. gviShHEPISEV el signs ﬂﬁbﬁ%‘%ﬁé’é‘f@ﬁ? 195t i ci ng
to coincide with these | evels of throughput. For voice services which are
particularly intolerant to the delays inherent in non-sequential toll 3 o
transport. Permanent Virtual Crcuits (PVC s) guarantee imedi ate

t%g]ou hpyt .at.predefined data 20 12 A"~ ?002 rates. PVC s utilize
const h in the network each tine there is a request for

service. Even though the del ays associated with the re-sequencing of cells
are neasured in mlliseconds) the accunul ated effect of such del ays can be

detect ed byBecawseidatpcia cacapsulatdinto esllg for Srapsrort by the WEPISHH NRVARENE et wor ks by
ﬁ:ﬁé 16 2fiRH dadly s@gctﬁl'ih Enﬂfil'{tlﬁéi&ﬁl} thaH Wotild bHeAsd BEpdigibleqn kopver 5

effectﬂ'og
whi ch "cell's are sent sequenti a In“essence, a PVCi1s a circuit swtched

connecATMwirtlessigiplamentations cThinisithe vesulf ofectdchaiquelceties ‘statisticat o nul ti poi nt
N O K Stiphamad Slafstcal AnliSEaing tai2h advahiags of the Fandom origination of data

transmission in a system and the fact that all users do not require bandwidth at all times.

Statistical multiplexing allows cells 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 aggregate 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 results in “statistical gain” in data capacity which allows telecommunications
network operators to “oversubscribe” wireless links based on the assumption that all users in 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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. basi s between the subscriber systemand the hub for the duration of the
voice call. OQther ATM based services are provisioned using Sw tch¢f VPR aen2
Circuits (SVC s) which 10 all ocate bandwi dth to user transm ssions
according to a hierarchical priority scheme ranging from guaranteed data

t hr oug hpmposabbsfot hnksmrvﬂ'pdrthe ofajaity af the infotmeation ds transporteid|in shart bursts i s.

uch: a5 (OIPR: R o e B ot AN C e Sapimupiaione " quﬁ#&géev' 2

t hr oughRhdre iybida®bPdtorks th Mﬁ@h ﬁ'{e‘ ithixfié bf tYaffit idhbre %@&ﬁgg@ﬁ&’wé&%\ﬁm orl he

service to the customner. e present network I ment's event data
i s col | etherderzices ryquiring pmm-tdapmnty:onmmbnsthmwgh thecnebmork deinmuit) furt.he,clmam
serV| ce provided to the custonmer. Billing for data services can take into
account 9 qommuTi¢atign SesiR. servi ce was provided) the network resources
utilized by the custoner (e.g., peak data rates) sustained data rates,

nunber of packets/bytes transferred)) Quality of Service 2 o provided,
nunber of pae‘k%eﬂhgqﬂpscﬂmnmhl proamyesers whichallowtindividoaltoells to be priesitizedsi on

errors, ,and her, fa rs not, t caII nsi billin ri thns
f or tradﬁ’t“FSﬁ {he RACHLY, %gé' 5°ssgﬁ “gﬁ‘?gé‘“?é‘lﬂﬁg@i}“%ﬁfw ng
data is lﬁ'ﬁﬁ'ﬁﬂ | E?&Br ) y
t he swi tlgﬂyeqw pn%;r{{a g’ég g{/éggﬂtﬁnﬂx@'ﬂgh ‘C?Ji éll% v 5&1 t&ﬁ?o% Fﬂué?nt
br o&dbaraf AN permiks thesupport af serviees witlovarying “Quelﬂyrof Senvicettar QOSyv Whesthigport a
broad range,  of future business, and _ persq eI ecomunj cat.i pns servj ces
such as FFORRCIISE 828 la.sawpeamm SRR RSB S Hloue °§9%tt°éﬁ%{’?hat

i nt egr aty eréd H@/&M {i&tan % ol ocal
trat Hc |§%‘n mat ?’gﬁr‘bka I SI on av0| ﬁige‘ﬁraggp 'S %ﬁ%t e@%ﬁ?‘t abl e ve |cuI ar
appl i catdelis andWSmlmdadvbmp n&Mork withuother gadisiof smallan/ﬁﬂdssntcapemcq:mh& pagkétost

of persona ations, wt LT S_br.oadba

connect i ¥ ﬁ“ﬁc 8% %%5 v&lt%w?ﬁ%ra"g%&qejlﬂf g’“‘é‘?“‘%‘@’%ﬂﬂl’%ﬁs‘z
handshelﬂ,d\mnmbmdﬁmsmegmg wéglnobil e LANs. Wil e the present
system has been described with respect to the preferred enbodinents, it

w Il be understood by those skilled in the art that various m)dlflcatlons

v oo o1 S BleBn JuBGn ASS) Godiishie s R L win beAP R TRGEP®
suggest efomeRtisy repuifenivnts for Righ bil rité BiirefsQo a @fven bibsbEbROTIS ste Attt bywufiliding t he

scope of the_ invention. 22
bandwidth 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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. ~2~PR2002 CLAIM5 1. A broadband |ocal netropolitan area tel ecommunic t'o%
network providing fixed mllimeter m crowave band w rel ess | ocal Act 002
conprising: a plurality of subscribers, said subscribers including a
subscriber radio unit, said subscriber radio unit operating on a mllineter

m crowave frequency corresponding to a cell sector in which said subscriber
resides, at |east one of said subscribers having a plurality of associ ated
cust oner prem se equi prent and including neans for perform ng statistical
mul ti pl exi ng anong sai d customer premn se equi pnment and said radio unit; a

pl ura.Jq iﬁéthbﬁsi hﬁéa said hub sites being interconnected by a Sonet based
back . ites including a plurality of hub site radio units,
said hub site radio units operating on a selectable frequency with at |east

one radio unit corresponding to a cell sector) said plurality of hub sites
i ncl udi ng Thepresentaystamilizes:a deployimentotrategy knawmasiihubbing'y whichdwi dt h anong a

e gobtshoRies SHEFRLS 8D Mok Rk A pnfftne SREPE TRol BR Rt o1 1
sai d canl Berieti0 ManyGeMoRiridio Sybtéins /A6 Weing hiRTksS Rfikél HEbITOAHS alnhstdpglitaiai d hub

sites and said backbone; and a central operations node, said, central
oper #reagnay bpinterepnmeeted inating, mesh or ather hackbonrenetworkjopglegyvipyirglessnt ol

net e (NaTo R . S al | . : control
of - s atln 3R Bu Righdafilit BBl Aioh EME2 | ol Foabiet GRyiARA fiBTRYRL 10

met r agvdidchingror TDM nudtipiex equipmen to bridge atisstesklinleaoross thg backbohe 02 o wher ei n
sai d pég{_ghle‘i?ty of val ue added, servi ce nodes i,gézl ude ﬁ% | east one of an

30y; ersdteplish.comnections herween subseribers qr to,eonpect subserbars foRther locations anthe qqe 5

| ocal hdsC : Js ' : ; band

| ocan R RA0 BRtes RIILGS VIERERAL Heoltia iR BBV D SRl canty e T )
wher eiffectiveé tinge of wirelessamacessfinksais ovefllas teeprovide adcessith svarittyof veioeydlatase: an

out door, u ht said.outdoor unit including a radio transceiver operatively
coupl”é’&"t“g media 8eVices.\ R 2002 an antenna: a plurality of indoor units) said
I ndoor units being operatively coupled to a plurality of custoner prem ses
equi pnent; and an interfacility link) said interfacility link coupling said
LRt door uriThe presentihybling arghitacture s applirable te both poiniteepeiptandpointdeibscri ber

br oaBeoing SRPE hirbidh ottt oo Bt NRHePC el SRR RAROLR 3RS, 11 "
C ai nantennd/Fer cach lifik itbohmud b thebakkbohe hétwerk. TheRfors Sooflof §acsintposesd d
chassi s, havi ng_ recei vi nfg means .for a plurality of line cards; and a line

car d) limgitatipn ornthe aumyernfoaternag(and Sus linksto disanstwork) that eantbssuprasted®¥® sai d
chas Stinglé R dsing %Bﬁ%—pﬁﬁ@ﬁﬁeﬁ%ﬁ%ﬁ Pﬁ&%: 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 betweeni 15 and 90 degrees and containing

30  many customer buildings. In either case, the hubbing architecture provides efficient access to a
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.S. A broadband | ocal netropolitan area tel econmuni cati on network afﬁgég@:gﬂz
to claim4) wherein said interfacility link is a fiber link. 6. AD

| ocal metropolitan area tel ecommuni cation network according to claim4)
wherein said at | east one subscriber is |ocated at a nmulti_ story dwelling

and at | agbvorkhackdone thexeby enabling commpnication betwean supscribersandgliowingt a
plurality e | 4 | ocal netropolitan area
tel ecommsﬁlggczcé‘{bfgg%’c%é%\%%@e%&g\gg%ﬁiﬁ%%%mf (Su ‘riﬁgﬁgt%ﬂgrei n at | east one of
sai d subscribers is an integrated subscriber unit providing a sel ected
service to custoner prem se equipnment. 8. A broadband | ocal metropolitan

ar ea t el dsdstmelepidscaRCIYVStems LoiipmentiandpervicCs MUPRAIL, wherein said plurality
of hup radio units at each said hub site conprise: a first sector radio
unit Operating of a first selectable m|lineter mcrowave frequency and
provi di ng covemaBepresenfisylstefis b seisscliberdth Odn talee the formcbfasiight custosied, 4/ Frilti-
operating on a second selectable mllimeter mcrowave frequency and

provi di ngseheystenyin 4 hpildingor syre acampus pfqustomersaFigueeidusiratesansmbediment of a

For 1 oquAREBE PR dop AT ol Sler PRI ERia AMIngC o) 2t caia secona

sel ectabl e frequency froma plurality of available frequencies such that

said first and second sel ectabl e frequencies are substantially separated
t her 8By ni ni mi Refegingdo Figuref antennag 802 arerintegrated withisadie trensseivers dm pompact

o o pi ur et ufiof i IO 04 e R BRNLE! SuREfiGLORGR. e Oy ke prlfirif)
uni t oper secired bystandirti4rischgliembaits for dpid, loWe st ingiallatorcind nbhobtrasieanesssai d

third radio unit providing further coverage in one of said first and second
sectors, SuidgonuniisS0f ere connastedite indoos ynits (1%5&896 tynicplly docatediin commenspacsy| e

frequency. | & £1L St Ls LesS are
subt ant } STULSY s i Ring s iplck-Heae SO F6Y8 okt REGRBad BRUE LS

t el easmmuBYy dntegmratingithe anteinacand oadio transteiverlinto an Sutdudramiti 804 ssigmil Inskesat the
covers a plurality of adjacent, and nqn;adjacent,sectors and wherein said
neans forgﬁ‘r‘é‘!ﬁ% '°§Vé7’%é?‘1“ﬁ§°‘?se‘5§5‘ém§‘éﬁ 'iﬁ‘éi“{cgﬁf‘%’ﬁe P‘Eﬂ ﬂgﬂ\‘f? ﬁge’&Pﬁs ai d
non- adj ac gtent 8pr84ch whefe a AnBHSHIRABS Uni 886 caPe/ BEOWith Hng dpferent t{pes of _

t el econmuni cation network according to Claim1l) wherein said backbone) said
subscri beODWA804inorderdo gprrats in the vamousauillimeterimicrowave frequepey bands whidhare based

data transf rotocol,. 12. A broadband |ocal netropolitan area
t el econmu Y@@Pﬁo‘ﬁ“ﬁ@ﬂ%‘rk according to Caim1l1l) wherein said packet based

trangfoer protocol is Asynchronous Transfer Mde. 13. A broadband | ocal
metropolitan area tel ecommunication network according,to C aim11, wherein

sai d packet baditdizingfibsr inthe il 808 providss significans benefitin installations yyhess ingn

i ncl udes Al élﬁﬂgg g(gmﬁ a3 : e. 14.
A br oadbaEgﬂ‘lfﬁ(l)lé?f‘liﬁﬁrllslittlgr?opoi*'%E n raggedt\gﬂg‘g%mmn?i@gﬁdgﬁ(?#g%t%?ﬁéggrg%ﬁ ng to
Cl aim 1, wkistsdopuliaew cahlésThis isercommmionly encourgerad thstallatibriproblenid iRBecause fiber is
transfer dat n amllineter, mcrowgve frequyen annel .usi Jigh order
o a1 ofchgfinch Han soafial Gblerd: i Bt Bore eadly Aitted REPRE i utdicd)

net warsk agefdit thin béuxfal 3db18, making the job of installation much faster and less costly than would

otherwise be the case.

SIS AL Vislo gy a1l iy;

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
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,-25. 1 ~" APR 2002 14, wherein said high order nodulation is one1 ﬁf %E W
and 64 QAM 16. A broadband | ocal netropolitan area tel econmunicatt A
network according to Claim12, wherein said central operations node
i ncl udes neans for collecting packet quality and packet volune data rel ated
to said subscribers, said data being provided to a billing system -26
. AFhr. AL ASY, . A. ASA . AU e. Af. A@. ANR A A A 3. A 3R AA

AnCAU A T AT A A AFSR A . A@6o AY@6 Af % A . r] _b9<?BEVDS & $
g- { vardxhe KSU®h éra ballding. Sibeaheintnds spat %sz}zia%wk&aheadﬁﬁaﬂneﬁHhﬁ al] ca] cal] ca
] caU] cal caU] caU] ca cal ca] ca] ca] cal], ca]

P BWpl® fﬁml}mki}wytm}tew the basameal] ca] cal ¢

. %sggéﬂn‘aqgﬁ@an@%’&s%ﬂ §%ﬂq‘f}g %@@%ﬁ%@%ﬁ} BingtPLay cay ca

U cars ga&&eamlsa i Poaafccuath Rk R b e B ke
ca] cay c ]dca] ca>- z/ / MD02J566X78 88878888#9d99: a:::::;

§s e PRH 804 Thsy leqtelmPew setthampeted bythalopation|of sopmen)spapgferaU] ca] caU] cal ¢

a] C%%%@@&%@%%L%Lﬁ ]G(C:-:]alv(r: ?#J] %?’IU]ggeV‘gb] XS] U] caU] caU] cal] ¢

aU] ca] ca] cal] cal] cal] cal] cal] cal] ca] ca] ca] ca] cal] ca] ca] ca] cal] caU] cal] cal] c
al] cal] cal] cay cancaGGQHHH<I VT IXIII?KIKMKOKRK. KM N ‘%/ RRR}vvrI fa[U
a ga\ U] calydeanmits 806 aneuiaed toipteriage withy %@mm@&p&l&wﬁgﬂqﬂi 4 caU] cal]

0 LERIA AR b o (i gy Sl giiOTNRR iy sot CL]U} cal5al ca

i A i e st o e o
U]yca M%ﬁﬁ‘&‘&] ﬁ%ﬂ]‘é%\‘%)]'%ﬂ]‘ﬁ@ ‘@J]"E‘aui’ Eﬁl”g‘éa %%@ﬁ%@&kﬂ' ?LBJ* &aUl cal] c
aU] c alile dakdsBTMare provisioned to support wecxﬁc tke]]ecommun jcations servnces DS-1,D

nn. n1n4nAnopr r r $t uwt Www{ w} \ VOnhb\ VUU] cal] ca] ca]ca] caU] cal] cal]
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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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In addition to improved spectrum efficiencies and resulting bandwidth increases, significant

operational and equipment costs savings are achievable with point to multi point radio technology

10  atmillimeter microwave frequencies. Operational complexities are eliminated by replacing multiple
antennas on a hub roof top with one or more point to multi point hub antennas, and installation costs

are likewise reduced. Once a hub 704 is installed, adding customers to the network becomes a
matter of installing subscriber systems 716 in customer buildings within a covered section 706.

This is in contrast to the requirement to engineer and install equipment supporting two ends of every

15  link as in the case of today's point-to-point millimeter microwave wireless technology.

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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above.

Emerging broadband multimedia services supported by the present network include high
speed Internet access, web hosting and information services, native LAN-LAN services such as
Ethernet and Token Ring, and video services such as desktop video conferencing, business
related commercial video programming, and on-demand video training (distance learning).

10  Wireless customer access links to the network are provisioned at virtually any data rate to meet

the bandwidth requirements of such services,

Residential customers are provided services which include a subset of the above for
telecommuting and Small Office/Home Office (SOHO) applications. A package of services for

15 these customers may include local and long distance telephone service, high speed Intemet 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 by the customer, it is available for
25  other transmissions on the network.

ATM QOS parameters can be used to provide varying levels of throughput 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 délays inherent in non-sequential cell

30  transport. Permanent Virtual Circuits (PVC’s) guarantee immediate throughput at predefined data
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basis between the subscnber system and the hub for the duration of the voice call.

Other ATM-based services are provisioned using Switched Virtual Circuits (SVC’s) which
10 allocate bandwidth to user transmissions according to a hierarchical priority scheme ranging from
guaranteed data throughput rates to transport of data on a “capacity available” basis. SVC’s most
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.
15
In the present 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
20  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.

25 The point-to-multipoint broadband metropolitan area network of the present invention will
support a 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

30  computing applications with wireless broadband connectivity, including personal digital assistants,
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subscriber radio unit operating on a millimeter microwave frequency corresponding to a cell

R 2002

sector in which said subscriber resides, at least one of said subscribers having a plurality of
associated customer premise equipment and including means for performing statistical

multiplexing among said customer premise equipment and said radio unit;

a plurality hub sites, said hub sites being interconnected by a Sonet based back bone;
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

-23-
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4, A broadband local metropolitan area telecommunication network according to Claim

3, wherein said indoor units further comprise:
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

.24-
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0. 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

25-
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