WO 02/ 091618 PCT/ US02/ 11867 MUILTI - BAND CELLULAR SERVI CE OVER CAN NETWORK
CROSS- REFERENCE TO RELATED APPLI CATI ONS. [oo00l1l] This application clains the
benefit oWwoW28916f8 ovi si onal Application No. 60/287,705, fridracgodese?2, 2001,
which is incorporated by reference, herein, inits entirety. BACKGROUND OF
THE INVENTION. Field of the invention. [0002] This description relates to
a new system and topol ogy for providing cellular service in nultiple bands
by using a cable TV network. The system can inprove the in-building
coverage and the total avail able capacity of different cellular networks,
using the same CA twor | r ve nultiple air
interfaces, di ffemmmmwga mul t aneousl y,
by di fferGIROSSJHEEIEﬁ&ENﬁErWR«ELAWEDiMAW@@sed herein, the termns

"nobile", "cell relk N n i A nefer to
radi o systems otd(l’ ﬁe Th's “CsatﬁI o rﬁéﬁ]}sﬂ%ngggﬁgq{)g 9@2@@8@“%&%‘%%\? TDMASOO,
CDMASO00, C[QQ@?(Y@&LRIBQ)M&O? 2¢1DCWf®hht§rm@qm§§tedrté’ lefesenee. Aa@instn its ot her
types nmay tgsht,w_eafter devel oped, and it will be appreciated that
"mobile", "cellular”, and "wireless" are terns intended to include all
such syst erBACKGRQUNDIQF SHEINVENTION. ¢ hi s description relaftes to an

ext ensi on tme|gofeiivertice. nobi | e radi o netvvorks usi ng cable TV or HFC
(Hybrid Fiber Coax an ed to erally as
CATV net wor ks, ’)élji;l‘fse?"?sc”ﬁ‘@“ g&?etﬁ ?rﬁ‘?@ Syétﬁgb??cf [oﬁ)érf%r ‘?rgv' lB9cribed an
approach t cnelmmgsmcé:ANnﬂﬁtpmbdmsl byt osingp i dabler i retwaniet Tier kystdno canovi de

i d &.d d k
capact ty: | CBPRHE IR BEresR o Bt P dfaf MR o8B,
radi o t er mebadrks, using shenssimid @AT%delmlorletT hesekcellylar nﬁdmbksnmag haveomgltipleyi ng any
conbi nat i on,;of, rﬂg@@ ldﬁfe‘:ﬁ\gkr@qéérﬁ?%laﬁdsc(’:%nlg{/nﬁé%ﬂée%@} es%ullﬁfn &Ur%\é't b{00041 The

interfering vmt each ot rvice el
basi ¢ t heordjffasentwrliviar sepfisiel Rsovidals. d\sarsad beveiny thertermst 'mobile"s calydaraeed i s wel |

known. Geogmeiawaérhyméérﬁtg@neheaw t@%féprt& (A6 FSteM®| it fotwERE Rudle i ni ng

cells of the_networ cte el lular radi o networks. The

geogr aphi Catpmysoﬁgwpcblﬁ%\@psoo PCS1900 TDMA800 CDMAB800, CDMA2000 1X/3X or
PDC. Other types are known, and still other types may be hereafter developed, and

it will be appreciated that "mobile", "cellular”, and "wireless" are terms intended to

include all such systems.

0003) In particular, this description relaftes to an extension to conventional
mobile radio networks using cable TV or HFC (Hybrid Fiber Coax) networks (and the
like, all referred to generally as CATV networks, hereafter). To be even more
specific, there is described an approach to merging CATV networks into mobile radio
networks to provide improved voice & data services and coverage, while enhancing
network capacity; to providing in-building access for any combination of mobile radio
terminals, in a mobile radio network; to combining and carrying any combination of
mobile radio signals on the CATV system, without interfering with each oth-er, or the
CATV service.

Related work.

ooo4) The basic theory by which mobile radio and cellular networks operate
is well known. Geographically distributed network access points, each defining cells
of the network, characterize cellular radio networks. The geographically distributed



WO 02/ 091618 PCT/ US02/ 11867 network access points are typically referred
to as base stations BS or base transceiver stations BTS, and includes

t ransm sswon2and1s ecepti on equi pnent for transmtting si gealtsor/o8end
receiving signals fromnobile radio termnals (MI). Here, a M includes not
only a normal cellular phone, but any device capable of performng

cel lul ar communi cations. Each cell (or sector) is using only part of the
total spectrumresources licensed to the network operator, but the sane
capacity resources (either frequency or code), may be used nmany tines in

different cells, as long as the cell to cell interference is kept to a
wel | def i n@EMOgK, @ccesshpaintyr et yeigallys refariegnie 28 Rase statiqnsr BSr @uSese act or .
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capaci ty].c 085 inclldes pfoo(t;inqrmne@mang‘.elmarbphml \betl ang devicel oadablel 't:flyI of

resent reguenc I e r | n ell-area
ubd vi si o Besaf Bk EeaBen EAR TR AR B USRI BARE ' 1ot vor ks
have no neotsl Sp@cmaalrewutdesthh@mse@n@lﬂheenetwbrklmratorerbm_ thel saneet capacity

hi gher - tha'?e%&gll%g eﬁ!h@r‘-’f’?%u%@verecogf) wg{e dj 9%% Q.I-qe'g'ngthfe{énisseugfég ce or

resi denti al ral e services caused
cel lul ar néctf\ﬂo-?i@‘&therfél‘é\Q eelsintesferpage iokerh o iarw%'r@lﬂ)@d el hie RERCBT s i n ur ban

areas. Thi gno\@s akNRE NeRebrio RaSsE! bbbt IThbZaiis Giay( bOGUBARESH AR tkusLapaci ty)
at ground | evel, but has aggravated the grobl emin hi goh ri se buil dings

where Mrs M8{ping @@@CGE%\E@F%P“%T@E’%?I' RrAwd ulpr cyGEA9E Jo BAefnsddand 00061

Cel I's in aueedilyWnwll) bRl MictedanOrake asally Vigiité@lin Yerme naiandie ttdl cavaildblegher -

| evel ent|t¥ \gplch may be referred to as a nobile switching center (MSC),
which proV ?ﬂf ‘certain control and switching functions for all the BTSs
connect ed to i tioosih®ne MeEtenaneedirantocet sotbet! ds thadimabiityhefrpresentifredueocyt o t he

DTN F ok or PLEE [0 RRuod SRR 3ot s b OEIPE ABRAIRNR 2000 ©
net wor ks hdtirthatimensiong rreipdent a@elluldrneatwiorks have \Woemeanse tadealgwitth dhee 1GHz it

|8 necessaiotidh By RAFH 08 Mo BRI sl A UNGRTLI LK ul R bl s AR 0US base

stations to provid he necessary geographic coverage and to supply enough
capaci ty f &ige Hffips- grpgeé@eﬂtaql uildipgs. The overall demand for mobile services has

caused cellular network operators to develop an intensive network of BTSs in urban
areas. This has improved spectrum utilization (increased network capacity) at
ground level, but has aggravated the problem in high-rise buildings where MTs now
'see’ several BTSs on the same frequency or code.

ooos] Cells in a cellular radio network are typically connected to a higher-
level entity, which may be referred to as a mobile switching center (MSC), which
provides certain control and switching functions for all the BTSs connected to it. The
MSCs are connected to each other, and also to the public switched telephone
network (PSTN), or may themselves have such a PSTN interface.

joo07] The conventional implementation of mobile radio networks has had
some important limitations. When operating above 1GHz, it is necessary in a
conventional mobile radio network to build numerous base stations to provide the

necessary geographic coverage and to supply enough capacity for high-speed data

-2-



WO 02/ 091618 PCT/ US02/ 11867 applications. The base stations require an

i nportant anmount of real estate, and are very unsightly. [0008] Another
limtati owoig/obtsag , si nce cellular towers are expensive, &ad/USOZqL8KT e real
estate, it is economcally feasible to include in a network only a limted
nunber of them Accordingly, the size of cells mght be quite large, and it
is therefore necessary to equip the nobile radio termnals wth the
ability to radiate at high power so as to transmt radio signals strong
enough for the geographically dispersed cellular towers to receive. [000S]

As the cell radius becones |arger, the aver a%e effective data rate per
user in noAPPiAbRNS: Tmst@aeﬁfa&%%r@ng"%@tmgé vt of 'Rl SR ENE e
hi gh- speed Wat @hsigh fN‘VI ce mght deteriorate. [ool o] Yet another limtation

t |1 ul di t d t hat

cal Lul ar ant ennE@aABORgh NEaFiey Fobak epielid B0 Al GrAuehe. Bk though
it would beefiighty dsenefii Ela:bndrmcalllydefasﬂ:fbe eihtiudeain = eetwodkeoringiliotedui | di ngs.
e Mg indif Adtaf¥ingl, B3R drBhns MRl SO rlf Bhis I halafrd U T &5

hi gh power "9 Gt esT or Cone
attenuat i omelceﬁtseryetntequtthe npbiletyadid mrmgmapem@tth@abmto radiater atdugbrrower ncr eases,

the in-bui |dli 0g5iyARGhit 'rEX6! si g%f;r&@ao?noﬂgﬁ%mh@gbéfogr%&%ms%n spéiSedase

station antennas are ocate out sI bUil dings, 1t is difficult for
mobi | e r adicslltlertpveratereceiver ansmit signal s strong enough to propagate

effectively fr Omob]nﬂsC{ﬁe Q&II Fa‘&ﬁxs@éb&rﬂéd“ﬁrgte? tRe!bvdrage ffectiie ditdirhtdipag.
Therefore, the use of bile term nals I nside bUIldIF%F‘ é %%{{‘f in reduced
heigas at

data rate a$8" @d?@tuﬁ%%‘eéba%GBé‘tt%ﬁﬂﬁ decreaaeR FRCOGINIMARNY Fy tine.
| oot 1] Yetsear&t,h@m detdriotaaé.i on of nobile radi o networks as conventionally

I ted th d d BIS t
provi do. voi ce e JBt @nomey et < 2Bl ofigptagd BNEIOEY: he vy
the spect r umpleeotedde that dreecallilapeateatastave dmidall\BlbEated oufsidevefdwildings,
reasonabl e 4@ i BRH iRl odIHahl %Xn?fﬁept% Al EAliaHSEvBDinkicR tRifihs” the

total spectrumTresSources own oper at or her BTSs can
reuse the sﬁwepqmtratmfoftqedjulglpetgmammrrl@rbwm'rtge%ppa@at@ngnreﬁ@ﬁes BO8, Pawef a

pattern of geoofapy Ianég sﬁ£’§5|s?eSQath%stoter#%@mEQ§é’§§érﬁl§tlonﬂﬂh§reht5wﬂ}ﬁln|- ed a

code reuse tactor based technol ogi es, and frequency reuse factor
for TDVA buidiag peesiragpndgiselequency increases, the in- -building signal level decreases

accordingly. Because the base station antennas are located outside of buildings, it is
difficult for mobile radio terminals to transmit signals strong enough to propagate
effectively from inside of the building to outside of the building. Therefore, the use of
mobile terminals inside buildings results in reduced data rate and consumes a
substantial amount of the limited battery time.

0011} Yet another limitation of mobile radio networks as conventionally
implemented is the inherent limited capacity of each and every BTS to provide voice
and data service. This capacity shortage is due to the way the spectrum resources
are allocated to each BTS. To provide for reasonable voice and data quality, each
BTS can use only a part of the total spectrum resources owned by the cellular
operator. Other BTSs can reuse the same part of the spectrum resources as a given
BTS, but a pattern of geographic dispersion has to be respected. This i called a
code reuse factor for CDMA based technologies, and frequency reuse factor for
TDMA based technologies.



-3 WD 02/ 091618 PCT/ US02/ 11867 [0012] Because CAN i s so ubiquitous today,
even in rural areas, it becones very interesting to attenpt to overcone the
above i dewbiokioeth1$i m tati ons of cellular systens by taki mgTateamntsage of

t he bandw dth of the CAN networks. [0013] Fig. 1 shows a CAN system in
highly sinplified schematic form In the CAN system the CAN head end is
connected to a CAN cabl e network. The CAN cable network includes various
equi pnent, such as anplifiers. Most CAN networks today are bidirectional.
That is to say, communications fromthe CAN head end toward the end user
(i.e., downstream comuni cations) and al so communi cations _fromthe end

user to the CANPORaBeeavge GATY.is sg ybigvitogmtodayngMeRniine Btrpl1R3s. B PeCHRRSs bl e.

[ 00|1_4¥ The v&QNhtE_%tgw bt _sifé?ﬁml to rvaiclgrl.ne Jthé %F&/ebiddhtrr@atnhmaﬁc%nssofsaeﬂunar The _CAg
anplifiers are jrectional a . Upstre nuni cations are carrie
ina rel atsm%’f‘?l’h?;"lng\ﬁdﬁ\?@eﬁ t%&@wﬁ&ﬁ%ﬁf‘?aﬁw@amm cations are
carried in a r@hat Figelyshoivda OAT spdterh Oin AaghiysimptifiedSéehammatidvidzm. thependi ng
on the partjc r t i i raveli wnst r eam
rom the- CHIS R sl GF ATy o FTRHRY 150 OV SRR, BT "2
set-top boXATSTEble NeteoRTBCludesvazious etdpmart, Setheas smplifiesstMosDCATOUr se, it
Is quite pﬂé@oﬂsﬁt&&%&ﬁ%ré BRird &b $hRNs ?c?tsay,'({bm nifrh tiBrt'éefrﬁrg%QQfAﬁ €

equi pment to a e connection of the cable out t use of a STB.
Li kewi se, thhed eendi tpmarddhe edbrserntigendeynsiediar coramgnieatiogdy ped . al§or

conveni enc@emhi@hidhtins St&ini theUsRE (er "Bathca@ATYCVEE®Serfl (ild)] Bpdticash [ 0016]
Fig. 2 shows a conventional approach to carrying bidirectional cellular

comuni cat iCBREUBIGRYONS) R PaSsiRlewor k. I n this approach, the public |and

mobi | e  net wor koot 4PLIWRG CATV Getwdaicsalnti® Figheiscathiditeclyredl systam.arhaCATV er f ace
|/ F. Downlink.. conmuni ation%frorﬁn tLpe PLWMN are carried throucgh t he CAN
P VG ESH R f

anplifier s,anﬁ’mfr? IFe° (REHP W PERE S AlTa Y Py &Y a( RAD). The
RAD t akes tdiativdlyvwariowkbandafroudti biidzi Dosnsiredmbeopaolgrastiens aencariedain aMl. (00171

Upstream c %g'c.' f 1 I =6 ag |t e RAD,
and thr oug(r?l elyu@é% Eﬂéggnoggg‘tﬁsgﬁMﬂ?%k r?g Sggnwwﬂzlhﬁ’%ﬁﬁfgﬂéﬁé ? H%Q&ﬁl
anmpl i fi ersgsysttmough the I/F, and then to the PLMN. Naturally, frequency

conversion is 45 The communications traveling downstream from the CATV head end
are passed on through a tree-shaped network to a set-top box (STB). The STB
connects to the television set. Of course, it is quite possible that the television set
includes the appropriate equipment to allow the connection of the cable without the
use of a STB. Likewise, there might be a cable modem or other related device. For
convenience, herein, STB is used to mean any devices of this kind.
oo1e] Fig. 2 shows a conventional approach to carrying bidirectional cellular
communications over such a network. In this approach, the public land mobile
network (PLMN) is connected to the cable system via an interface I/F. Downlink
communications from the PLMN are carried through the CATV amplifiers, and the
CATV network through a remote antenna driver (RAD). The RAD takes the downlink
communications and broadcasts them to an MT.
100171 Upstream communications from the mobile terminal travel through the
RAD, and through the upstream portion of the bandwidth, through the CATV
amplifiers, through the I/F, and then to the PLMN. Naturally, frequency conversion is



-4 WD 02/ 091618 PCT/ USO2/ 11867 necessary at the RAD so that the uplink
communi cations can be put into the wupstream bandw dth of the CATV network.
[ 0018] Thwoprioersigppr oaches for carrying wrel ess signal s pardarSot/ims6CAN
network include re-arranging or re-packaging the original radio signal to
fit into the existing CAN standard frequencies (5-45 MHz and 50- 750/ 860
MHz) and channels. This is typically done by active el enents, which up-
and down-convert the wreless frequencies to match the known standard CAN
operational frequencies in the standard CAN upstream and downstream

frequenci es. Usi n the s d however, reduces, the

avai | abl e bandWi€d Eﬁan at h‘@ %&h B%Sri’%éttg? éJpP'ﬁ( C?)'PB‘\?P'G?tf?é‘b\ﬁa&eﬁe pHEf'Qo B

voi ce accor di ngupsineant bamuwidtiCAfNhs CaTaretwork.i ke DOCSI S and DVB. 10019] Such
W Shee tor o arr andindn SREPRIASREIRr AR lireitsl RS b b cAty one
(1920- 1980Mz, retidk Meiidkif-prranging hes- -packaging e @aBinahradwedignal tonft iffortle t hat
the UMIS upl i nk, I%aw?tsi séa%%z)nehée&@e {sar{sg‘iMHz?‘%th@?@mBémoﬁxﬁH%t 8nd OF

the CAN upstream (40 to carry. Even If a smaller bandw dth were
to be carried cheeiels ABisARNPigR Fangy activeselomentsl WiNEneR-iapd 1dpyn-cerMeedhe he

scarce upst rea«me%ﬁlfr@%&iére@% maRFBth® RhGIH stAREEIEATY JpRRitieRA frebiiéhcRd G
di sadvant ageous appr oaches_are now sunmari zed. 00201 US tents 5, ‘?%O‘i’?\hl?g

and 5, 809, 395 (thes eerdp‘éf\éﬁtwtfa%&'\db@“ﬂ‘stf?%{m EROPRATO teestat i ch

cel | ul ar si gnalca®r éhatnéls, ResrefedacdsAhe aedilasle bandwilithef the, CAIN opekatemlin ul ar

communi cations are.fre enc converted to "in,the ran ng\/ é}ané)arWﬁ'(é Such
o) Il

a conversion | PRI (302 YoIrE euaqrding it oo
frequency- di vi MDSIStamdtDMB bands: a hi gh band whi ch handl es downstream

{1 ansm ssi on (head- g 140chULe5. SUbSEREDSI) bt oAl WEbARGER oo

upstreamtransm SSI (su Scri hum t o ead her vvords any
upst r eam si gnalpartisulag dhramen wishes dm se- @wrgemlm-msk thez ful lAMTS requengy dand by

the CAN net wordkgjd. oS 2 1R 7oMhiz) H?&tﬁéogtmar@@ﬁwtdhgnn@é ohBinBe thaer K.
Under the '173 " approach, upstream comuni cations all nust be fit into the

| ow Band (i.e.,the WMES upliske basgwisith (§AMH2) g deeh lajoes (Rdt hange Ampessibie#Prithe t he
CAN system for ¢ws! (Ssi®am (40MHz) to carry. Even if a smaller UMTS bandwidth were to be

carried over the CATV upstream, this would dramatically reduce the scarce
upstream CATV resource. Some patent documents representing such
disadvantageous approaches are now summarized.

[0020] US Patents 5,802,173 and 5,809,395 (related patents) describe a
radiotelephony system in which cellular signals are carried over a CATV network.
However, uplink cellular communications are frequency converted to "in the range 5
to 30 MHz". Such a conversion is necessary because the CATV network is normally
frequency-divided into two bands: a high band which handles downstream
transmission (head-end to hub to subscriber) and a low band which handles
upstream transmission (subscriber to hum to head end). In other words, any
upstream signals or communications over about 45 MHz are filtered out by the CATV
network itself as a part of the normal operation of the network. Under the '173
approach, upstream communications all must be fit into the low band (i.e., in "a
portion of the frequency spectrum allocated in the CATV system for upstream

communications”).



communi cations"). -5 WO 02/091618 PCT/ US02/11867 [00211 US Pat ent
5,828,946 descri bes a CAN based w rel ess conmuni cati ons schenme. Under the

' 946 apprwaak/ootees avoi d mul ti pl e outdoor cellular receptipemaishz/orssTausi ng
noi se over the CAN network, only the signals received at a sufficient
power |evel are converted and sent upstream [0022] US Patent 5,822,678
acknow edges that the frequency-divided nature of CAN networks is a
problem In particular, the '678 patent teaches that the limted bandw dth
avail able "within the frequency band of five nmegahertz to 40 negahertz”

poses "a problem w t tqQq c t ho ignals.”
To solve this mﬁ?b lﬁ% Lgalt‘ﬁrg %g@cgﬁlprggccﬁg‘%ss %ha? A cur%as% Iy‘pittei?sét ng
frequency edrhrogritationssdhemecdHbdes tha'%@wmmam tarayoideraidfipleedtdoorThlltlari s t o say,

the divi Sivgzae@%hwsm cgljgﬁ%ﬁé]ge b&wt &w@rkhWtﬂé qmiskreba daygd from

about 40 0 severa rrega ertz er S si rrp i'stic approach
i's highly suficken apverdesiisrelnonaiicd and SfPféGfQiStfe@m repl acenent of substanti al

anount s of equ'o@f?”bs'lﬂ&té‘\% @H?@%EMBW SUHA He PRS- fdecPRRIRACh has
not yet been aé for actual use. 0231 _US Pat ent 638,422, |ike the

previ ous| yokfehty B‘ﬁ\é’&rké(b%% REoRleq. In pastiry sth%§r7 Bpriest §aFResithatdhg lipited

conmmuni cat havidtA avéllasler"ﬂrttlhlﬁ rthepfaédmeﬁéy bdhe @ﬁbé rr&sgsh@fn tol406megﬁahteﬁz"30 I\/Hz
for tel ephone t,rag; rn direct | [opLe !

cel lul ar cBMfSn? BY |95h‘§'ﬂb‘fséngcff‘§3 Pl'?%tg}%(%@f S? 685?'11 ? 8'8"? W OTPRUYG g'P “war d
spectrum prodlenh thet '67Hafbroddh iothat toarr€ly existinge fréquenby sllacatansfigraableni t h CAN

[ | bl o
ot o0r ami NP RSHE BT TP AL 0, HE Bian M ol ply oI B 1O
cel lular €SAFWaletvork i}aOlﬁd\]edUErPabMMOGWZZBJ sveral buodied Mﬂgﬁhﬂér@ higher.
pr ogr ammabl g r g@ﬁ?&@o?ﬁn%é%ﬂ@P@ﬁl&&%ﬁévén%g%&&vbé@uééjgmrﬁg réb‘PJclaMlaﬁ‘tr coverage

in outdoor are ring morning rush hour, the renote
ant ennas apb suhsiasdal ameynis 10f equiement insay ARV tnetwerkt BESh @DreXAENMPeni ng r ush

hour. Thusg ,g}ggcgi,q%rs ngpygmgérpgddpggaso,ca%mab@se flexibly augrrent ed. The renote
ant enna drlvers and their antennas are ngH {GF out door bl es. The

' 021 pat ent doé@z%oysdgé@m e &k%cff‘ee dJBeignegsdqe Prﬁ?'?téd upst r eam
bandw dt h feachatptarffingCeplink! @Nulgrocommiriedtibmnih "the return path of the CATV

system, i.e. 5 to 30 MHz, for telephone traffic in the return direction." Furthermore,

downlink cellular communications are disadvantageously carried in "the forward
spectrum, i.e. 50 to 550 MHz of the CATV system". This interferes with CATV
signals, and is problematic for the CATV operator, who must move existing
programming to other parts of the spectrum to make room for downlink cellular
signals.

[0024] US Patent 6,223,021 teaches how to use programmable remote
antenna drivers to provide augmented cellular coverage in outdoor areas. For
example, during morning rush hour, the remote antennas are tuned to one frequency
set and to another during evening rush hour. Thus, outdoor communications can be
flexibly augmented. The remote antenna drivers and their antennas are hung from
outdoor CATV cables. The '021 patent does not describe how to solve the problem

of limited upstream bandwidth for uplink cellular communications.



-6 WD 02/ 091618 PCT/ US02/ 11867 (0025] US Patent 6,192,216 describes howto
use a gain tone fromrenote antenna | ocations, sent over a CATV network, to
det er mi newe opnowes | evel of signal at which each renote aararsez1iserati on
should transmt. [00261 US Patent 6,122,529 describes the use of outdoor
renote antennas and renote antenna drivers to augnment an existing cellular
coverage area, but only 1in areas where outdoor cellular antennas provide
no coverage. The signal of a given BTS sent to a cellular antenna tower is
si mul cast over the renote antennas to overcone "blind" areas. [0027] US

Pat ent 5, 953,670 d i.b . t t . dri 1, but
B P oref TR PRER AT B Rt SR S BBy Aol | P
comuni cat iantesina fochtiens| sent Gédd HEATY rEUNMNRY dXErmibE al iXVEENTOVBNof fi@BR8L 1t is
t herefore ap ﬂghgééh rteﬂmo?evﬁ{tﬁr%g%éaggr% %Q%Kﬁangﬁml fied limtations of the

a S, an e a

present nobi MET &dr o et wor . ove-1dentified di sadvant ages of
the related atbasiptUS Patennd.dd2,82% descabriathg ypshof| autdogeiremetetaitRas wi t h CATV

net wor ks. [fQ28hotAGntdntlh elvdr® tdﬁ%ﬁgn‘?’eﬂ?@ﬁ%xi@ﬁngt QAuisy &vegetdiéd, Buf snipr ovi ded

an extension to conventi onal 11 e radi o networ ks whereb CA net wor k

, . a G
i s enabl ed i 8reag whgessttdoorGeliufar BRIgANAs RIPYIYE RS ERYRIA0R NG HIRd Al 39WeMf fi c.

Accordi ng tErsageithera asn@startdnnat BRes KSsiRicadth@iee thes rgMmetei ahthnas GATV
networ k capabl e of hapdling traffic in a pre- determ ned nulti-band
confi gur at iYRCBMe %l't“aoﬁ@a?mbi l e radi o systems from various providers,
si mul t aneousl y, okt USUPateetes, 868,69 deseribed huwdteuse carsote antehea deéddraibar

services. [0030] To_ achigve the ab a er_.ohj - TV networ k
functions [Vée(s?l at}]Utagg%éi g\eer?%ﬂ‘fe'@? r?tiﬁ%% g@%lg%ée}l' roédggﬁqﬁlﬁmlbéllﬁg,&r?glnﬁl y in the
RF pr opagatdoomunicatioretin the leve CATYand\ccordi ng to the system descri bed

her ei n, th%;ﬂgﬂﬂﬁi{ldg% ﬁiEIWENﬁéN.S“ ng CATV networks are substantially
preserved, T ‘ermnals do not have to be nodified. That
is to say, the ©Rgnalis thaseforeaancehient tyovescamethe alppve-idedtified imitatione 9§ pr ot ocol

traverse thge GlNeenYBIKraid MARoNS, didZRE dbbJelidehtifiRl Wil Sftagdavfand he
frequenci es used for TV progranm ng . 1nach t n]F\t/)I le term nals
y

CA . . but h
exact |y at 'elpiedatipppisita iiearaje p@ﬂﬂ@ﬂ%ﬁp"%&%d{ﬁd?“ﬁqrrﬁw&,b?ﬁ FEYEICed

0029] According to one aspect of the system, there is provided an extension
to conventional mobile radio networks whereby a CATV network is enabled to
transport multi-band bidirectional mobile radio traffic. According to another aspect of
the system, there is provided a CATV network capable of handling traffic in a pre-
determined multi-band configuration of various mobile radio systems from various
providers, simultaneously, without degrading the CATV services or the cellular
services.

0030] To achieve the above and other objects, the CATV network funCtions
as an access element of the mobile radio networks, namely in the RF propagation-
radiation section. According to the system described herein, the capabilities of
existing CATV networks are substantially preserved, and the mobile radio terminals
do not have to be modified. That is to say, the signals sent according to the radio
communications protocol traverse the CATV network on non-utilized CATV
frequencies above the frequencies used for CATV programming, but Tgach the
mobile terminals exactly at the same standard frequency as was originally produced
by the base station.



by the base station. -7 WO 02/091618 PCT/US02/ 11867 [0031] The radio
frequenci es and channel structures of the nobile radi o networks and CAN
net wor ks woa2abfelier ent. The CAN network is nodified so asPCa/UuSpzirsst t he
propagation of the RF signals of the nobile radio network, frequency
transl ated to propagate over the CAN systemin a band higher than the CAN
programm ng. [0032] Such a frequency band is not used at all by the CAN
operators, but it my be used to carry conbi nations of cellular systens
signals by properly upgradi ng the CAN infrastructure. Thus, it is an

bj ect t d t bl ti
Col Ful ar - syst o8 nihe GRS 81ch SPants ALSCGP {1 BaRAP Bl ar

service). hefdads ahdCATNEMmitvOrRe bre(dfféramtt ibieICATY getovs-isvapdified swaktohavi ng a
tree and branch topol h bl. i S rs |/
conbi ners gﬁ&“fF‘Ft Bgag%g%cgoih ﬁe '@é"c?n%rqgé ré{):tﬁlgsrfa d r%%rk Pér%ugﬁ e cables
and ot her passtate@ tec ompegatatayer Ithek©A§V giystemslpl 4 tberd @lgbéhﬁlanéh% YT not

nodi fi ed, ng ctive elenments are. Thus, the systemi ncludes new
conponent s r a CAN systemthat pernit to overlayln a nulti-band,

nul ti - st andar d, 00 - §P¢"e%ff?WPy bIthis APcuper Gk al by therk A hepsiaiarss Peldt

conponent s m"éy'b%VMsQ@Hqcérbﬁ%ﬁ\bﬁlfatléis%@élﬁlla(rtsi?&er%blgﬁﬂs Eﬁﬂro@@Wu@kM' s and the
cellular up and_down signals) tao be cagﬁl ed b netw&rk SI neousl y

in a total e CARMdplEastu t"e Herit [Sa? RBIgEIVENYP %’PUE% AcDEHN ﬁ@p h can be a
source of @anspoRtimgoReieathhe ohatcenif seea) simul@dblisty ((ini Gthermparts, antitit 0 not e
that the c%bléas lﬁ i ber, z%nd coaxial) used in CAN networks are not severely
limted as P B Practical CAN networks are bandwidth linited by

t he bandwi dt h a(mdslsAgmaVeritlowaiiowng netwerkis abgo-why petwotk kaying & greander

e brayfeh! B tiin NS Smbirlh £ cforeP SPRARED oo BREFHEUT | 1 0

two bands - one f eam contrini CAt T ONRS oanst r eam
conmmuni cat iAcagrdingyio @dalaﬁ@e0¢19blf@x%lﬁt§ﬂaﬂ¢? ¢abllgseangd the"plPWWGéoﬁ'ﬂ@I“Q“ﬁ)nal

spectrum $eguHRd) Hlt@?slbémlﬁrliérg‘éﬁa ﬁ&i%&dlﬁé@abutam@labtf\leeélénérﬁs BRNdfRisUpst ream
and downstream ce | ar network traffi [0035] According to another

aspect of thresysien @ﬁﬁude@s(ﬁqvécqrgpogpaﬁlfq@d@gw system that permit to"overlaying a
multi-band, multi-standard, bi-directional communication system. The modified

components allow both types of signals (the CATV up and down signals and the
cellular up and down signals) to be carried by the network simultaneously in a totally
independent manner (without any cross-coupling which can be a source of an
unacceptable interference).

[0034] It is important to note that the cables (fiber and coaxial) used in CATV
networks are not severely limited as to bandwidth. Practical CATV networks are
bandwidth limited by the bandwidth and signal loading limitations of practical
repeater amplifiers. CATV networks now use filters to segment cable spectrum into
two bands — one for upstream communications and the other for downstream
communications. By adding duplexers and filters to provide additional spectrum
segmentation it allows additional amplifiers to handle upstream and downstream
cellular network traffic.

0035] According to another aspect of the system, there is provided a
component that acts as a transmit/receive antenna and frequency translator for any
combination of cellular signals, and as a CATV input/output unit for the CATV
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conponent that acts as a transmt/receive antenna and frequency transl ator
for any conbination of cellular signals, and as a CAN i nput/output unit
for the OXN02/0816¥8 02/ 091618 PCT/ US02/ 11867 network. The PCOrysozerss7 may

al so provide controlled attenuation in the downlink. Mst of the existing
CAN video signals are already limted to frequenci es under 750MHz (sone
CAN networks go up to 860 MHz) so the standardi zed cellular signals are
translated to above this Iimt. The different types of signals (CATV &
Cellular) can coexist within the same CAN cable due to this fact. [0036]
The CATV network is thus nodified in

transni ssi d??éw?rg' ﬂi"er@mﬁ’f’a‘? &Y %3‘1 H@ype(g?éptéqqlﬁgla%?w%? "hﬁ‘& ﬁ’é‘&”&ency

assi gnnent SMost'BiiehéredstingceAT‘(brwsjebmmlaB dcANIreadywimiked tosfedduecees bmdenade usi ng

Ly 1i t t
only 1 near e SRRRER Sy S ) BT B AIP L BBt o
way of var isignalsgrecrdnstatasxtorgiiose yhis émito dihaediffeserd tynesi of ssipnials (@étTé(l&, and
||| uSt rat edo ke REkASAfindhEWUMPCATBUERS aud fo mitidg, De appreci at ed,

however, e Invention is br oa an the exanpl es descrl bed
bel ow, and the @%&NPIEsCAPS nBW @éhus’r gedified ins aaydhat RAPRS thg CAEY

I nvention 'tF‘aHan%th@?@Bé InVaimbiREE Inm tREr BRdINA ifoMRTaL ancﬂ?@qtﬁaﬂ@?@ Skighnfdn®. N5 ar e
intended to describe the actual scope of fhe IFVSQ on.. BRI EF DESCRI PTI ON

OF THE DRAVWNGMedficRiioas tPohsstATHhen vt 76 r5aguPe HEP9 9 ARShI y

sinplified epfppneits euétpagiitereampsthpifiatss Thefbdiatdtiogs hiecsimple/ Tobyst@ad of t he

i nvention. n%w’terrs and details that wll be readily understood by one

familiar wig % field have been onitted so as to avoid obscuring the

i nvention. | n t fves7drEbei inganttioh 09 ERightFbegjow byswayef varpus\spetificoaxdmpiiN net wor k.

[0040] Fig. 0 gnal s

over & | TR cltfiaf e 3R RCRARS e BrEN A BRI HoBfes 7R P o

accor di ng twill beeppesststadi, hewevenfthatitke Invertion iipmuct] beadgr tF@’gthe@X@WBKﬁB a
schemati C OfiecRrilGfd batb@ ahy RRS SxARMES Gré GrAidEaNGr tRe 3Bke @FROAKINGNhe Of T he

i nventi on.
invention in its presently preferred embodiment. The appended claims are intended

to describe the actual scope of the invention.
BRIEF DESCRIPTION OF THE DRAWING FIGURES.
[0038] The drawing figures depict, in highly simplified schematic form,

embodiments reflecting the principles of the invention. Many items and details that
will be readily understood by one familiar with this field have been omitted so as to
avoid obscuring the invention. In the drawings:

0039] Fig. 1 shows a conventional CATV network.

oo40] Fig. 2 exemplifies prior approaches to carrying cellular signals over a
CATV network.

[oo41] Fig. 3 shows an upgraded cellular cable network according to one
embodiment of the invention.

[0042] Fig; 4 shows a schematic of a cellular bypass device according to an
embodiment of the invention.

0043] Fig. 5 shows a network coupling device and a cable mourit cellular

antenna according to an embodiment of the invention.



[0043] Fig. 5 shows a network coupling device and a cabl e nount cellular
antenna according to an enbodi nent of the invention. -9 WO 02/091618

PCT/ USO02/wDd8/m91619044] Fig. 6 shows a cellular entrance mpdahesot/orséa dual
band system according to an enbodi nent of the invention. [0045] Fig. 7
shows one frequency assignnent schene for a dual band cellular system
[0046] Fig. 8 shows an alternative frequency assi gnnent schene for a dual
band cel lular system [0047] Fig. 9 shows a frequency converter (UP/ Down
converter, or UDC) for a dual band cellular systemw th frequencies as in
Figs. 7 or 8. [0048 10 shows a cel | ul ar ranc dule for a triple
band system ad&od"rld Wg"?éh% antsyurhentranse T‘H%‘ﬁ? H9%eAt g‘ﬂﬁlunobaf%(ﬂ@tfmlzl g. 15)

shows a fr edewainy teosseabRhént sEtheiveftoh. a tri pl e band cel lul ar system
S P Ooob eror SRS SGPRL St Pen s P B 20
system acecelubrisgstem. an enbodi ment of the invention. [0052] Fig. 14 shows a
Shows. a1 oquerial obify oraps ehratdrlie paonSPscrifent SRMENY B omy &y o
THE PREFERREMD EABEDEWNT.S. [ 0054] The invention will now be taught using
vari ous exenpl o FEDISHETRA eaubhbyieiHibné NBPRIARMCRREES, AlUbajese [ bed I

detail, it ppreciated that the_invention is not limted to just
t hese enbodﬁ”ﬁ'é?\'f‘f‘g Ce'btﬁf SVI%%méﬁ"théré%‘ﬁ‘cleﬁéﬁ INRgSi’gHBf i cantly broader. The

appended cl ai nE[odiK]Otthd 1|OesH2>W@SéJ|célﬁﬂhrtéhtraﬁ’&3 ffodulBefot AetribleUsandcgypenof t he

i nventi on. E\[RA:ROSSL %rg‘_:;ure }1\@| CAi' segnent in a hybrid wrel ess/ CATV
systemin rdiRg i l?/%q"ff'?’ﬁr‘? €M% ented. In Fig. 3, the wirel ess

upl i nk and downpdsfiK Fidf. 1 € ghevca fesjueney arssrgnmem&hémelfdrmttcﬁpm bendziiatat

bandw dt h of the CATV system Instead, the uplink and downlink frequencies

are conver 8t o a part of the
oos0] Fig. 12 shows a frequency converter for a triple band cellular system.

oos1] Fig. 13 shows a cellular entrance module for a six band system
according to an embodiment of the invention.

[00s2] Fig. 14 shows a frequency assignment scheme for a six band cellular
system.

0os3)] Fig. 15 shows a frequency converter for a six band system.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS.

pos4] The invention will now be taught using various exemplary

embodiments. Although the embodiments are described in detail, it will be
appreciated that the invention is not limited to just these embodiments, but has a
scope that is significantly broader. The appended claims should be consulted to
determine the true scope of the invention.

fooss] Figure 3 shows a CATV segment in a hybrid wireless/CATV system in
which the invention is implemented. In Fig. 3, the wireless uplink and downlink
frequencies are not converted into the normal bandwidth of the CATV system.
Instead, the uplink and downlink frequencies are converted into a part of the
bandwidth above the CATV programming. That is to say, wireless communications
are all carried above, for example, 860 MHz,
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bandw dt h above the CAN programm ng. That is to say, wreless

comuni cations are all carried above, for exanple, 860 WMHz. -10 WO

02/ 091618wB@Thusd®/ 11867 [0056] The CAN anplifier normal lPgTABSYES6RI ONg
only frequencies in the 5-45 MHz band for upstream conmuni cations, and
filters out all other frequencies passing upstream The CATV anplifier
normal |y passes along only frequencies in the 50- 750/860 MHz band for
downst ream comuni cations, and filters out all other frequencies passing
downstream This poses a problemto carrying the cellular comrunications

in a band above the _nor CATY progranm ng. [ 00 To over. i's
problem a cell (98 fg\%gglsv ?@‘F{?Prfoé ?Iﬁsp[aaﬁ%e#ngto%yaf&%ueg% 91'63‘%;56{‘% or
conponent (Mde harasfoausihammpmnfunieationsy andifiltarspdut i ether fraguenciestpansieg |

di stributio I t iy [~ag! I mplifier
and bypass dbé‘gg%ﬁ'eghe( Egg)v.gﬁ%'ﬁé@m? W]uéasgggsagggtoﬁgeﬁ%%eﬁﬁégéﬁdﬁ%os\?nI i nk
conmuni cat i Hi9860aMbianblandh éorCapwnstrpamf cammunieationgt andhdiltere| oyl all other

conmmuni cati efti€s PQésirIcgi bviisB8aRUtrhis PoskH@ EOBMMAIRLhHiIR] the EARB] At each
end user location, theré is provided a network coupling device (NCD) and a

cabl e mount CEEMYNRAHPNSIA ANFAY 2petRg NorPRECAOPIPILEMINGAN traffic to and
fromthe STB (Ofoshiel RVdvercdmeRit pidbledt, edeliGanpypastCBR)fis instafeBaticacused) , and

passes cellular traffic to and from The, end user | ocation may be

P hougnt - ofSHES B OOPORR AR eR arCAEY APPHler o GRIRRL: s RenEti050] - The
traffic frodstiitngiohesduendnd thedikahiThe CBRIihdiudesed ddllalaf amplifiet b Bypansl PLMN B
via a cellular e I SCI.i b . PLMN B
are differ e‘Iﬁ"":ﬁB%EBQ?ﬁ“&g@%n@Pg s%ggh sa{sggé@l{ﬂﬂ'g%gd a“%g’%mﬁrég’h%@?@ﬁgf ic from
t hese two darbiret thatCAS\Vsareplifiersesp that théxceltytar commuwicatidnsi arg aptdfilteredfdut ¢ or

mul ti - ba”dbn@ﬁé bWI’@'r ng‘pgﬁg;yni cations. As used herein, "nulti-band" neans
re

traffic of thzfn one system (al though such systens m ght conceivably

be of the sanme {0¢gle At egglt BndusaUIALtian: HieroisdProMidnd HeqtwaikEouring deyvieen anot her

provider). NK@hd EicEble mothOdiuiar &MEmadeMBA) ethe\NEWpadset BATVMkfdI@r bypass
(CBP). Each Dbypass device BPD includes filters that %ﬁ s. the CAN traffic

(5- 750/ 860 Mo dhe REB (enigleyisinn $stoF other gompanenh 4680 B isisedh P9t raffi ¢
to the cel |l plsaés eslplar fFérec @eardutont thelgMCAKTHshdd@eniocatontniayf B thought not  at

the normal ocfe::llslalrJIlina}iroo}c trere lr{aet%%lp%ﬁﬂ otthé CIA?VSnQ fotrke.d to

[0059] The traffic from the head end is combined with traffic from PLMN A and
PLMN B via a cellular entrance module (CEEM, described below). PLMN A and
PLMN B are different types of systems, such as GSM1800 and UMTS. The traffic
from these two different systems may be thought of as multi-band traffic or multi-
band cellular communications. As used herein, "multi-band" means traffic of more
than one system (aIthoUgh such systems might conceivably be of the same type,
such as UMTS from one provider and UMTS from another provider).

[ooso] Fig. 4 shows a more detailed view of the cellular bypass (CBP). Each
bypass device BPD includes filters that pass the CATYV traffic (5-750/860 MHz) to the
CATV amplifier, and that pass the cellular traffic to the cellular amp. The cellular
uplink and downlink traffic is not at the normal cellular frequencies, but is shifted to
another frequency band that is typically lower than the normal trarismission
frequencies, but higher than the CATV programming. As shown in Fig. 4, the shifted
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anot her frequency band that is typically lower than the normal transm ssion
frequenci es, but higher than the CAN programm ng. As shown in Fig. 4, the
shifted woOb2M060®2/ 091618 PCT/ US02/ 11867 wuplink and downlPCmRuSp2/af8bi c i s
anplified and then rejoined to the cable at the other bypass device BPD.
[0061] The CBP may al so be referred to as a cellular transport nodul e
(CETM because it transports the cellular signal through the CATV network.
The CETMis installed at any active conponent of the CATV network,
bypassing the trunk anplifiers, line extenders and distribution nodul es.

The CETM in re f e t
anplifies tuﬁg kgﬂndf? Wl'ﬂg%ﬁﬁﬁl{s gmaﬂleﬁ aﬁi tﬁ@r?a%aﬁ%)cl {r?ktlhge f’gr)ag?ﬁe Bth%{;?s I t
may al so arbgpadsydekiCe BPBcal oscillation) carriers (described beI ow). The
bi - di recti onal | . i I ne at
each point on @%ﬁ &&T?é \Aﬁpéls\%\hh%r zg}g,fr%i%, 2 +@Fﬁg?§%r%§§?h§tm?du@ si nce
the st andar(@ETMANe%aﬁsF|'tftraé\5p@'§nﬁ6tceﬁd¢fd$'@ad N?a'o'éﬂﬂ thedeATCEPeWOEE I8 i nk and
shifted dovsivinks Hs@iled Bt aRp attive cHokEnt fItRS CatTRN néﬂﬁ@ﬁt' dypRsihg mear enough,

in order to prevent distortion of the cellu] g ts n shoul d
not vary td%’”hﬁaﬁ“fﬁfﬁ 6§%e¥tﬁ%de?%ﬂﬂ%d'ﬁtﬁhﬁ'opﬁn°d§§éh% 8@5@ "bk'g ﬁ'%gh@ETM may
get its enegs gydufercmmau im;ﬁﬁ&VrelpeatwnH@,t anpliibs aife chifted uptling handl ehifted very

ermboal mont AR it B (o B kO cofoP QBRI 11 ke a

CATV anpl i fbe&JW)Jmem{dlrpctmsaimphfr&aabn pkthe tshiteCEdIMIar isigpalbdés gonelabgach i n

ST LUaL1 005 iy 4 EACRB el RRLEU Birs RIS (OREHIGP dhfo MPUbIGERS. | 0062]

Fig. 5 shof® wor K "cou devi ce Fe nount = cel I ul ar
ant enna CIV[CZJ(’\TVI'arepllﬂe]fﬁimnnﬁI%ndi@atB% ehjftedheeliganuplinig and éhl(l%@\wﬂ*!zk sigrtRls bel ow,

fsg(r) (I\E/l)fsrrp:c ?}S I% )?Taﬁeh]?Eﬁ\ﬁtreﬁe‘éfér QR&JI@E@Mn@d?@nQ@g?ﬁ ﬁﬁorﬁ@ﬁtoﬁﬁédekl{ agto,&.a.at,f ic ( above

ul'ar _signal's
t oget her, thwelb@artﬂ*%@@hits (Sﬁ'"a%f‘oa'ddlﬂtrﬂPWe‘@é?‘@ﬁaﬂcrOSFdB%ZFM%ﬁé’am i ncl udes
an up and CE&\&Hdﬁé&ﬁwrﬁr@rcmnfawgeﬂ&%rgylfﬂﬁm fheecAToehdtwbR! infwheawasei es from
the shifted freﬂuenm es_to the nornal glg) an es according to the

parti cul ar 'stheHddeyeprefigentwdh H‘é“"ﬂ%'lpr‘?lﬁ’eh #Yf or cellul ar communi cati ons.

Li kew se, t he UdészjalAsoortdialj es arspectd eraisddiménitethe eSETING agibe instailedeten t hem t o

shifted eh lgmeanncallc ive cgnnpc}nreatrﬁ( é}\ﬂ'}‘ a%lpﬁ)fpeg ist rbo? p?e%g}\t.e'Th-la_p%, HQ%E‘W al so be

referred to"
may be employed in situations in which only the cellular signals need to be amplified.

j0063] Fig. 5 shows the network coupling device NCD and the cable mount
cellular antenna CMCA. The NCD simply passes the CATV traffic (860 MHz and
below, for example) to the set-top box STB, and passes the cellular traffic (above
860 MHz, for example) to the CMCA. The CATV and cellular signals, when together,
may be thought of as a combined signal.

oos4] The CMCA includes an up and down converter UDC for converting the
cellular frequencies from the shifted frequencies to the normal frequencies according
to the particular standard or standards being used for cellular communications.
Likewise, the UDC also takes normal cell frequencies and converts them to shifted
frequencies for transmission along the cable. The UDC may also be referred to,
more simply, as a frequency converter.

poss) The CMCA, in particular, takes downlink communications and converts

them from their shifted form, as received from the cable system, to their normal
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nore sinply, as a frequency converter. [0065] The CMCA, in particular,

t akes downl i nk conmuni cati ons and converts themfromtheir shifted form
as recei vwo oot he cable system to their nornmal -12 WRC@A/S021B48

PCT/ US02/ 11867 wunshifted frequencies. Also, it takes uplink conmunications
and converts themfrom their normal unshifted frequencies, to shifted
frequencies for transm ssion along the cable systemto the appropriate
PLMN. [0066] The up and down converter UDC is coupled with an antenna for
comuni cating with a nobile termnal at the nornal cellular frequencies.

0067] The UDC d h
and m ght HISHMEE R ERCET Qubsi: ey PR el RS e O ©
(CEEM 110.thékx BFBabilnshiftednfreqednicieb ato sbifted dnenvenaied for tBMSMissiomalospithg ar syst em
B are each églggg%ig'gq%&]g atpg%ﬁf\ﬁg%,\ﬁystem Ais a GSML800 systemin this

exanpl e, system The two systenms A and B may be
fromthe sarre o[p06b:l| fTthe rupnang rdowh deanyertar 0980 is mogpled Wb AR #HERANEHESe t wo

Systems carn, F@Mﬁ EnARIHPARER iRl atihb%oﬁﬁéreelwd‘rrﬁemﬁbnhiée bandwi dth of the
CAN system 070 I g. 7 shows, as an e!)“(angﬂ'a? t he UMIS éfor S tem B) and

GSML800  (for sh®flehaluG Bay brkie Sorthg fEgqueRcy: eV '?‘eééﬂ?é’
conver si on.gnfhagntinavd every, the GSM 1800 system (systemA) is frequency

transl ated so that theullnktr ffi occu fted

upl i nk signals PWBLIFIKSi$oVRE %Qg?erﬁ@pge groy IEZC%FQEJE@ A gfr ltelég °Z‘€|I by eA

;l'hl fsf GSM 18&0u|sry53tsf]ym (AAind & BI'S drofr eﬂulansystemaﬂmkaew s@nrtehfad to ke downl i nk
raffic occ St he at t k T{)Q@Nh_ K th

upper part dél?élﬁh%ys]tqnb ‘L' %ésM}iéanl%}gegndﬂg %blg %%éﬁl( s-’ré\I tlhg ©

exenpl ary fsygteneTbmmyht@mstﬁh@ds& gvanbe from twmn%gr iffafentPrayiders. r equency

translated int 0866916 F I7f SfetlsUiRdw s 'lvﬂ'p&?\}s?erﬁsn@aﬁ Bé&th H3i 4dceMndaxBd iank

signals that are carr over the unused frequencies of the CAN system In
the fi gurethesmeg'}ﬂﬁﬁdhe'bﬁﬂdwlﬁhlo&'é‘?&”é(Sryé'§6‘rved sub- band, which may be

used for any Pkl Gl 3 shBWE PASEH exariple, B UMDS (fohﬁjéﬁiﬁ Bmkn@as«shwomi t he
downlink band is thus referred to herein as a sub T{"‘gi& ig. 8
StPSE & e

shows an al fessrgem freauriies Opfosand 3fieg theFRAySRaY CPB"‘?r?'?'?J
the GSM 1800 system (system A) is frequency translated so that the uplink traffic

occupies the part of the shifted uplink signals (UPLINK in the upper part of the figure)
indicated by A. This GSM 1800 system (A) is also frequency translated so that the
downlink traffic occupies the part of the shifted downlink signals (DOWNLINK in the
upper part of the figure) as indicated also by A.

(0071} Likewise, the exemplary figure shows how the signals of UMTS system
B are frequency translated into the shifted uplink signals and the shifted downlink
signals that are carried over the unused frequencies of the CATV system. In the
figure, the symbol "R" indicates a reserved sub-band, which may be used for any
particular purpose. Each part of the uplink band and the downlink band is thus
referred to herein as a sub-band.

[0o72] Fig. 8 shows an alternative frequency shifting approach to illustrate the
fact that many variations are possible within the invention, and that the method
described herein is very flexible. In particular, in Fig. 8, the shifted cellulat"downlink
signals are carried in the range of, e.g., 960 MHz to 1035 MHz, and the shifted uplink
signals are carried in the range of, e.g., 1080 MHz to 1155 MHz.
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fact that many variations are possible within the invention, and that the
nmet hod described herein is very flexible. In particular, in Fig. 8, the
shi fted cwbloaloarsgdgownl i nk signals are carried in the rang@cafysopigs]? 960
MHz to 1035 MHz, and the shifted uplink signals are carried in the range
of, e.g., 1080 MHz to 1155 MHz. -13 WD 02/091618 PCT/ US02/ 11867 [0073] The
| ocati on of the uplink and downlink bands can be varied to suit the
preferences of the |local CAN provider, to provide sufficient isolation
between the shifted cellular signals and the CAN signals, and to provide

sufficient isolati bet weep t he shift and. t he. s downl i nk
cel I ul ar si gnal®™ Fﬂl?fﬁ‘fat’?ﬂgpwed‘to@( fowgy'ﬁbtfe\nﬁﬁ Cahee H%\ﬁﬁ'l | nﬁ'? &nds may

al so be vapietalencasdf trel Iscal tdr Vinprdvider, ¢d pltohldessutﬁcbahldblatmalyetvveéremese be

vari ed and r ] rning to
Fro. o, tnengrsoafler MFERCRIEbE GREY Shrk) 3hi Jo Miolide, sldt edfRlofC T
frequency between thersh@mumhrk@hd(b‘@mhéleﬂsiowomklcﬁ‘mameoo signals fromtheir

original unshif, r t3fdd RaiBisoig BFe@I4ance w th
the predet erm(;r?ég ﬁ%eévigerﬁcmft%mhkrag;:ﬁ?g‘gcb% 4 fé?%so Hsajuch as those in

Fi gs. 7 oralgy the Wﬁ@sdﬁ\ﬁ\h‘ﬁ Wﬁ(baﬂdgrfﬂi% b:,ey‘é%”é%aﬂdé'?@d f‘ﬂh%eCET'ﬁaf'{yed to the
part of thge dpiahiiikideand set aside for system A [0076] The BTS 60 from

UMTS t B t 210 whi ch t

downl | Wk o1 gnal@ r BABEHE tp i Boim SLe ESERD P A Fopieete o

3 hi fltgadkf ofovari up/a?mﬂeqm:meorvueﬁér ztmewlmcredmwmsridmenimkmm’eem;suguaesn dThel ’
ownlink s ro e r e downlin

band set ﬁgmgé CE YS! n@g{@%e@céﬂ%?gp#ﬁ%% iéedefg WElace{ #chcoﬁ%hé?w&%nﬁ\%er ters 210

convert t hereshiefrhieed freguentwshiftinglappioash gnelars (SuchasttheseshiFigsed ord-mat (i . e.

fromthe f ﬁ'ﬁ%‘ﬁ%*nﬁ%rghglf % I% ﬁgt%h%aQQH@shlfﬁaﬁté%m@lﬁg Jf"'&{e &J&ﬁm ddgcul ar

systens) to err (if.e., 1nto requencies).
[0078] |t eptidsidedorsypieady. at ed t hat the CEEM receives or| gi naI cel lul ar

signals from eiooFklt] ufid ig7s 8b mﬁ%m’r@téy@@m Barsdcmu@att% hheeqengi nal
cellular signals to a shifted ormat in sub-band i n accordance with a

predet er mi RetYertPegifenbigh §P|““PF'P' H@WB'FrﬁrF'gna!%f(P"bg%’%’e%”gt’ﬁé” fred 81 UFwnI i nk
si gnal s t ofEmatdl aSsrsrtedformat i dcabidnce with teEbMdetermined frequency plan. The

downlink signals from system B are thus shifted to the part of the downlink band set
aside for system B.

[0o77] Likewise, the frequency converters 210 convert the shifted cellular
uplink signals from the shifted format (i.e., from the frequencies in the uplink bands
set aside for the particular systems) to their normal fdrmat (i.e., into GSM 1800 or
UMTS frequencies).

[oo7s] It will be appreciated that the CEEM receives original cellular signals
from a plurality of base stations, and converts the original cellular signals to a shifted
format in a sub-band in accordance with a predetermined frequency shifting plan,
and passes the shifted downlink signals to a CATV system. Similarly, the CEEM
receives shifted cellular signals from the CATV system, and converts the shifted
cellular signals to an original format in accordance with the predetermined frequency
shifting plan, so as to output original cellular signals to respective ones of the base

stations.
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receives shifted cellular signals fromthe CAN system and converts the
shifted cellular signals to an original format in accordance with the

pr edet er rwoad/obreegiuency shifting plan, so as to out put omcgiusat/iset | ul ar
signals to respective ones of the base stations. -14 WD 02/091618

PCT/ US02/ 11867 [0079] The base stations participate in different
respective cellular systens (i.e., a GSM 1800 system for system A, and a
UMTS system for system B), and the sub-bands nay thus each carry the
traffic for a different service provider and/or a different system [0080]

Each up-1ink or downlink sub-band n be trans|ated independ by using
a different | od¥4f® \(l)\g'&? PPsg 8PUeR ?aﬁgggaé% Hbgtfflg(?é‘l U‘Iﬁ&gﬁ'ﬁ cgﬁﬁ?rhég%ﬁﬁ/l Guar d
bands bet wgen 4 GeMs1800kgstan far ysteot A sdnavinUMAStslystefi fgusysteioB), aheé teake  of

implicity. i f b : s ds, th
ool oscl FPEPI Tk is AL Eioh e for BERAEN IRIESIOW PR Ry 60T e

sub- bands difierent ysteenl out of the original standard frequency allocation of

mobi | e radi o syt enE,nhiRidked? GoivAidk sgﬁrbﬁﬁk?_r}r%g%‘ﬁn@f%ﬁgaﬂe@ir#@i_@pérfd@ﬁt%lWed is

not limted by (t%h(g exanp Iies shown herein. ile radio_system provider
may of f er usipdta differspt tocaipscatar in thecreprasiive ¥D¢ R 8iuhe BHEMh Y st em

[0082] Fi gpaldsShaiBerpthb lsB6H88REYare @BY sHowarin teCigusy foritieNake ioRsimplicitydance
with the sgstemln Fi

f s. 6. and 7 qr, 8. In particular, the UDC is adapted
for a situdtowgKer ifBuAfd eands Qﬁ%hﬂeﬁgﬂga@ﬁee&ﬁ'&e gu spF“&v'P&%rosﬁ'p%m
accommmodat gdq@dnclel@an Baeetisbn®@ to oreete thdne cabl e system The shifted cellul ar

i I i cat ed h t, th . j i nbi
(tor the upl | ndeEN o T8¢ apoanis, S ofaies Vot Precordish starStaCredn, “ 003
The downl i mlocitignaf rsokile eadimsystamse Thé haradwidib whthesnbrband to bertranslatedisredi at e
frequency (w }irnitgcp@fl{hfeo&g@bgtsﬂé&&%gé)T’hearHGl:iI_Eh@@o% QYR dreflddrandyne  nor mal

s T of an . ‘respectively

cel lul ar freguenci J _ using F3/F7). These
are passed offer todransnortauptte aththelpandwiditrhe Qe dythis pY&&8M-se, the uplink signal s

are received frgmtRke andenea HeuendNdonvaiél UBOYET 4 eGAint Aeoldapyn manner
(using F4/F8) to an internedi ate frequenc

ncy, and__th ted (usi
F2/ F6) to tb tamsystesninddgs. fiaaf 7fC¥éqm&?EICHé'v%UQB%g%&ge%fqéfg sfiubi'! "9

in which a GSM provider and a UMTS provider are accommodated at the same time

over the cable system. The shifted cellular signals are communicated as shown at
the top of the figure via a combiner (for the uplink signals) and a divider (for the
downlink signals).

oos3] The downlink signals are converted in a known manner to an
intermediate frequency (with local oscillators F1/F5), and then converted to the
normal cellular frequencies for GSM and UMTS, respectively (using F3/F7). These
are passed on to the antenna unit ANT.

[oos4] Likewise, the uplink signals are received from the antenna unit ANT
and converted in the known manner (using F4/F8) to an intermediate frequency, and
then converted (using F2/F6) to the shifted cellular frequencies and combined for
carrying over the CATV network.

[ooss] Because the CMCA in this example handles two different systems, it
may be thought of as a cable mount dual band module (CMDBM). Also,"because
the CMCA in this example handles 3G type traffic, it may be described as a cable
mount third generation module (CMTGM). Both manners of description are
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carrying over the CATV network. [0085] Because the CMCA in this exanple
handl es two different systens, it may be thought of as a cable nount dual
band noduwe o@@MéBM) . Al so', -because the CMCA in this examprashandbes 3G
type traffic, it nmay be described as a cable nount third generation nodul e
(CMIrGV). Both manners of description are -15 WD 02/091618 PCT/ US02/ 11867
appropriate, although the nore generic term CMCA w || be used throughout
this description because the delivery of signals froman arbitrary nunber
of systens and of any wireless type is an inportant objective. [0086] As

can be understood fromthe foregoing, precise Local Oscillators, . (LO are
needed. Th@PPEeAte.oRPYINths Mpfes giten 9&’??"}3(39’"5 ﬁ‘f é’é?‘i&f‘rP'ﬂPhPHtet st em at

the CEEM a@Bskriptdr berdusd thadelivesy ¢ratighalsdronhan eiditiary Sunaer bOsysteptiuamici es may
be referred to a il ot tones.rt Th CE/CA can use this LO signal to convert
the cellul &2 pw"eier?gt‘(f&\%arl' "R E?tdﬁéﬁc VS o/fromtheir original standard
frequenci es. Trieegpas tdanghet haderdtomh fromstbe | foragaing, f precjsee hocat Oszllletacs t he
network to the i : i ng. j ensi ve
frequency é'b r%rgggéuﬂleedf h@%%s%%g%égﬂeﬁ% u%éehséﬂgjeg{éagﬁrgﬁ%x%% ngﬁfi cost of

t he CMCA f dre EREMs and earrigrk plongthecalh dethet GMSANBRNOL FrauancighspryrRe ng the LO

frequenci esefbePlotkBhibtaohddUthd OMCASHHILSE this BOYigRAISS ESifreh Bfeideluigssy | | ators
may be provided in the CMCA. [0087) Some service providers m ght want to
suppl y onl y@ndjdeyndink sigaals dprpectheif grigipahestaytdatdEpquepgies: orierseorting gl e band
nodul et antl&‘é{ ﬁé@illéfor %&d’eln?kbglonguﬁé neﬁtgrkdfogk@vmemniﬁgés gl_’;]e?@éeelrfbr modul es
connected to the sanme nulti-band upgrade K. e sane premni ses
may have a“SPAREIEAY FKBAWE ?W”SH% ARFES T E'&Cﬂgg‘\rll\ﬁﬁ'é Ca{}é?d-uﬁﬁqﬁe nodul e in
a di f f er entcofaplexiuaimd tost aif IBWOMGCA ifar thérsubsetiber. 0Of obdrse ethis[O€B&] ofFi g. 9
shows a UDC _arranged f I ' i i e readl. parent to
t hose famDﬁ:ﬁaa?pﬁ"g’th hlictg ﬂ%lag r{cf%sﬂlgg\gé gﬁglsb&‘}arq t| aq:ubeas)ianr}'dl @%E'g%(rl%cﬁgenent

coul d be uwsdilasrsniay bebvidedtimtheCBEM shown, for exanple, in Fig. 6, but
with the upli n i 1 g,psg,r Iinft ' ' [ 0089]
Fig. 9 shows an@rag %8%\;?@?6%&&?\?%@5@% g})te pPlgrdn.ﬁaﬁrT |E§rﬁ$%ﬂ&systenﬁ
(and thus Haspmg of Higirfqusigment: P\ 8ibgle dapd MogligLrae p-exist with |pEhes dHal- 8bpr oach

coul d be t giRaphRy (ohaRAlenbodils SnRkited o/ the WaReM@Hi-baNBiRyiBded lCARM Se,
perform ng network. The same premises may have a single band module in one CATV outlet,
and a dual-band module in a different CATV outlet, elsewhere in the house or office.

[ooss] Fig. 9 shows a UDC arranged for use in a CMCA, but it will be readily
apparent to those familiar with this field that a substantially similar arrangement
could be used as the UDC in the CEEM shown, for example, in Fig. 6, but with the
uplink and downlink paths in the appropriate directions.

[oos9) Fig. 9 shows a frequency converter UDC adapted for handling two
systems (and thus having two frequency converter modules), but the same approach
could be taken for handling any arbitrary number of systems. Likewise, performing
the intermediate frequency conversion could be performed even if only one system
was being supported.

[00s0] An example with three systems will now be presented.

o91] In Fig. 10, systems A and B are as in the previous example, but now an
additional system, system C, has been added. System C is a GSM 900 system. The
CEEM 110 in Fig. 10 therefore has a third frequency converter 210 to which a BTS
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the internedi ate frequency conversion could be perfornmed even if only one
system was being supported. [0090] An exanple with three systens will now
be presenwed2/0(B@®11 In Fig. 10, systens A and B are as i CIiesopnmsé7 ous
exanpl e, but now an additional system system C,  has been added. System C
is a GSM 900 system The CEEM 110 in Fig. 10 therefore has a third
frequency converter 210 to which a BTS -16 WO 02/091618 PCT/ US02/ 11867

for the system Cis connected. Downlink signals fromthe GSM 900 system are
shifted by this frequency converter in accor dance with the frequency plan

Cnahi 11 ed P PRKYRREY dosrfor et R oot "o 1BLGS R plerd o

communi cat ishtfted Dy 3hie freqineicn govertsi ineacecrdarereawith tAb drequenicpipjanFshgwn Il shows

t he downl i :P( qu uplink bands to which the cellular signals are frequency
shifted. top part of the figure, a nore detailed view of the uplink
and downl i nk banwg A thermitom, Fige ushoms theneriginab-upshitied udlicloay] dgwndink 11 i s

somewhat S't%!gh@rfori the dé}guz’ceﬂe\gg' X&ﬂ%uﬁibéﬂoh@rsygtgmg' tﬂamg8cor?‘e?&fe‘?efbt her'fehat one of

t he sub-ba IS now | cat

f or hi s exanp
ar r angenmentAtione ipatc fiigt Hd shewsttee @Wi\*,ﬂ‘ﬁ And é@'!”lkutl’ad'fjs dp dH‘é‘Fhs ”‘rir ‘ée"t"éf ried at a

frequency shlﬁla%réh@% t;f§rﬁ«€bdcmthélko§brpawtnékg§tegaaio$euaamamlawafhne downl i nk
band bei ng bet ween the g&d nk band bei ng between

1080 and 11upiniped Wé@ﬂ?a“ﬁ?&Shﬁf‘ﬂ"s'H% ”ga heRERONGESt abl e for use in this
exanpl e. That i BogklO FEAVA is SditewBdCAintiastodrid DCand t/érytsirmlaetoomgfaerempt uDC

nodul es, for e h of th differ ste argicul ar,
UDC rodul e ﬁ a° %‘ﬁv%ﬂteafn ot "E%l\ﬂee%gaﬁ%sdobﬁﬁ?%msé{ a'Ir;hen'li) tf‘és a
converter fayrangmﬁ&tmeWhluhaTe shifpd alowvnlirkrmeWDGignathare caIrleé aha frequeney t er for

GSM 900 Ce'é &eséhﬁéﬁ'c%nulﬁﬁlaﬁn%.gm? ué@dmeeéovﬁlﬂﬁ*yﬁéﬁcﬁb%ﬁfb&%&'\ nal,

unshifted u ppropriate s and vice

ver sa. [OO%P andi03aMHaxandshe uplink bapdbeingbeteeen 1480amddAS? MERe are si x

different base ghalEiPnAs HORNEUMEA btaBleTEENMe if Qﬁ)sg@)]arﬂpne Fringtt is wsayS' X
di fferent cell u‘ ar systens are represented. ﬁést ens g/if\ (GSM 1800
e@che gdg{?ané

systens. Sy8e EMC@ hag %U%M'@@Ue%QQ?@m UG mashyies rone f&’ ns. Each
of these sigeiaySsyBEshaspaHidaid BOCGRHIRCA &l tenveher IGEBISM 1800 signals,

UDC module B is a converter for UMTS cellular signals, and UDC module C is a
converter for GSM 900 cellular signals. Each of these modules converts the original,
unshifted uplink cellular signals to the appropriate sub band, and vice versa.

0095] Now, an example will be provided in which there are six different base
stations connected to a CEEM. -

[oogs] In Fig. 13, six different cellular systems are represented. Systems A
and B are GSM 1800 systems. System C is a GSM 900 system. Systems D-F are
UMTS systems. Each of these six systems has a BTS 60 connected to the CEM
110. Each is connected to a respective UDC 210. The respective UDC 210 for each
BTS performs frequency conversion in accordance with the plan shown in Fig. 14,
which shows how the different sub bands have been set aside for the use of each
system. Fig. 15 shows a CMCA suitable for use in this example. The CMCA has a
UDC with six UDC modules. Each of the six UDC modules is responsible for
frequency conversion of the cellular signals between the original unshifted format
and the shifted format in accordance with the frequency plan shown in Fig. 14. It will
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110. Each is connected to a respective UDC 210. The respective UDC 210 for
each BTS perforns frequency conversion in accordance with the plan shown
in Fig. 1woousieehh shows how t he di fferent sub bands have PoFdrsoyetséasi de
for the use of each system Fig. 15 shows a CMCA suitable for use in this
exanple. The CMCA has a UDC with six UDC nodul es. Each of the six UDC
nodul es is resporisible for frequency conversion of the cellular signals
bet ween the original unshifted format and the shifted format in accordance

with the frequency plan shown in Fig. 14. It wll -17 V\002/091618
PCT/ US02/ 11867 be ap iated that the six systens vi ded from
the same. oPSPPIRLA, Tah Fsy Tt YL Machio PAEF HETo e Saih BEFEerel0097] One

fam |iar wiptdvidets, srcfdnainﬁhtméd)fpmmhyrstand that the use of the equi prent and

of 'second and TRl angearaN i 8P G PRaRRs e FIRBR PR suUpmel o0
accessed t Iandnngalmodtdescrdmldlhﬂaam c@isTiudtesed wethiod fdzrmnhpmmg thefthrohghput ehhsmi tti ng
mobi | e uni (8. P%ﬂrtﬁl{ﬁg{hepﬁlonV@é%lak%\fwog dﬁh(fr%bB QQISVECE&SEH'%rbnEﬁerem

attenuating effect occur Wt s, conblne
possi bl e f &e eellwacGADE networky theapaer of tbe truansmlhldemob&%umltr; indo@OSAN bEhe vari ous

enmbodi ment SegNEwaSRRE! So@ied Mih SHe tisHBréle SfitehiRRiflg NéeBis Nthat 8L dur QM@FCOMe t he
previ ously déscribed coverage and capacit cons?ral nts now faced b

y
oper at or s &pildings; ¢amking,i9nake itregiple feramydhbettes data $enyse Inigdaonerlls: cover age

constrains, the[oo@@strh@i/arwue\ehmoameats@hlasaécts aﬂh@smmrdag@mea heemuced and
service I%v s are i rove erators a otenti al

o boor co TP Overtote, TRl BikFiGiushy /oo Bhd | oRu S PR Habasth consfiin MR oary and
nmobi l e r adlfaredtbgrdpierWrs séceliuze nabide caaiivbnetearks.[ B9 d8figatihg Itmasghmtdnagei nventi on

has been dRBRIRRIHEORLP ok BdUHBOUR ARG SovcPARTRl R L0 kB ppake of

expl anation, Tt wi reci ese
figures ar devalst are rimprovled Cé\TM syistemt hreerstgtspwll diﬁVQ Iaeaotemuelnmavoaourompth isto

be_det er M eraS Rl Ofkre p3RRRRHSH ShaliE RO adiDHEbIEldePnS and

changes wi Il occur tot iar W|t ield, and may
wi t hout  dégyENnal sRyviee Bli‘hqom?m@éope and spi r|t of the invention. -18 WO

02/ 091618 PCT/ USBa/ AkS&uh the invention has been described above using some concrete
examples for the sake of explanation, it will be appreciated that these examples and
the enclosed figures are not intended to limit the scope of the invention, which is to
be determined based on the appended claims. Many minor modifications and
changes will occur to those familiar with this field, and may be made without
departing from the scope and spirit of the invention.
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THERE 1S CLAIMED: 1. A nethod for providing nmulti-band bidirectional
wireless RF cellular conmunication through a CAN network, conprising:
provi di ngwe taywpwss devi ce at an active point in a CATV netpraariso2/arsd?
comuni cating frequency shifted wireless RF cellular signals and CAN
signals, over the CAN network, between an access point of the CAN network
and an indoor term nation point of the CAN network, wherein the CAN
signals are comunicated via the active point and the shifted wirel ess RF
cellular signals are comunicated via the bypass device; wherein the

frequency ﬁﬂkﬁﬁfg%ﬁ%gghggs RF cel lular signals conprise nmulti-band
traffic. cording to claim11, further conprising, at the

i ndoor termnation point of the CAN network: recei ving shifted downlink
wireless RF cellular, sighals fromt nverting. the shifted
downl i nk RF:cel fulMgtnogi §pfa RO Sbr'f‘gfrtf J\Iftngﬁ? ?ﬂﬁl HB@F& gﬁ"?"@f ess RF
cel lul ar sugnmhmlcawtptﬂubh a@ATVenetworgidoalprisingquency downl ink wirel ess RF
c_eI | ul ar gpg ﬁgéé)b‘%]ag ?hgem}%tn aﬁﬁ eﬂoYr{tr}ga 8A'T9'n@(3{ohg LRUency upl i nk

Wi rel ess COnVert i e original frequency
uplink wir elmtmamggﬁadusentpsmmct weelesquFrﬂe"ulw 3@1%@@9%}/@@%, and

QUEpUL L NG 1 Ny RPire! AT RLWBH, gewvgéﬁﬁﬁagé%séb&n%ﬁhé CATD Rl g ypr k. 3.

The method accordi ng to claim conpri si ng, ndoor
termnation podonr teyminatien @At AEIRGFATY seMRInMEatEIm AN Sghale #rdbet ween

the CAN net wogdmmificadd Visasd a&n@ pENaGieHe GRifRY vifss ®F &lblkesigials 4. The
nmet hod according to claim3, wherein the at | east one CAN device is one or

more of a TV, ¥esemmupicalsdyia thebypassdeyice: npdem - 19 WO 02/ 091618

PCT/ US02/ 1186rereif -thd frequdtch Gilifta6 GaretisB (RR @elliari sigrajs Eamprizer maltiipnd si ng
conmmuni cati ng t%fe original frequency wireless RF signals over a common air
interface of t%W&¢ellular network.

2. The method according to claim 1, further comprising, at the indoor termination
point of the CATV network:
receiving shifted downlink wireless RF cellular signals from the CATV network;
converting the shifted downlink RF cellular signals to original frequency downlink
wireless RF cellular signals;
outputting the original frequency downlink wireless RF cellular signals to an
antenna;
receiving original frequency uplink wireless RF signals from the antenna;
converting the original frequency uplink wireless RF signals to shifted 'uplink
wireless RF signals; and
outputting the shifted uplink wireless RF signals to the CATV network.

3. The method according to claim 2, further comprising, at the indoor termination
point of the CATV network, communicating CATV signals between the CATV
network and at least one CATV device by coaxial cable.
4, The method according to claim 3, wherein the at least one CATV device is

one or more of a TV, a set top box, and a cable modem.
-19-



6. The nmethod according to claim5, wherein the shifted uplink wireless RF
signal s have a frequency above 905 WMHz. 7. The nethod according to claimb5,
wherei n twe lopfeied downl i nk wirel ess RF signals have a fecagisencigseabove
905 MHz. 8. The nethod according to claim5, wherein the original frequency
wireless RF signals are shifted to a band higher in frequency than the CAN
signals. 9. The nethod according to claim8, wherein the band is 945-1120
MHz. 10. The nmethod according to claim8, wherein the band is 960-1155
MHz. 11. The nethod according to any one of clains 1-10, further

conprising, at the CGess i n f. eSfﬂg} K- VANe ifted

uplink w r &l essﬁﬁFm@g\oﬁu?cﬁp'%gnlgg%)a?lg'n# :}Or% ¢ W%{ﬁ% mc{gh?@n\’cg%ﬁr{ré“ ng the
shi ft ed uplorigikalRfeqoendyuliealessi Rfn aigaals overr a gbmenon fairdigigsiacsy olifhei agkulaini r el ess
RF cel | ul arnemo als; outputting the original frequency uplink wireless RF

cellular signals to a BTS; receiving original frequency downlink wreless
RF signals fromthe BTS;, converting the original frequency downlink

wireless RE sigpals to.shifted do [ ireless. It St

out putting 6 hegﬂ}ﬁ He&"c?daaéz\%ﬂldinﬁktgvﬁwél él’ls(‘gh%ge%s'ilhgn%ffégt@"ﬁ'ﬂg\l'@&ﬁﬁﬁt wor k. 12.
The et hod s@sals davd afredueinoy ahayie$03 MHzwher ei n t he bypass device perforns the
steps of: -20 WD 02/091618 PCT/ US02/ 11867 receiving, as a coupled signal,
the CAN signals and the frequency shifted wireless RF cellular signals;

di fferenti a i ngThzemeed actediGiAld siapm &) whertintthe sbifteg dewnlmkgriglesaiRf t he
frequency shifted wir ar signals of the coupled signal;
passi ng thé'geﬁ\ﬁﬁwgyeg%gﬁgdeﬁ??%ge?%lMMézd signal through the active conponent
of the CAN network; passing only the frequency shifted wireless RF
cellular signals of the couple si gnal arouynd the active co t of the
CAN networ I anthenebpd af@ngt signd SneRi BErare NS AT a o i th
t he frequenighakhird shefttd tojarbahe Sighétfin Geduentypthas thgr2ABY signgls.ovi de a signal for
further communication over

9. The method according to claim 8, wherein the band is 945-1120 MHz.
10.  The method according to claim 8, wherein the band is 960-1155 MHz.

11. The method according to any one of claims 1-10, further comprising, at the
access point of the CATV network:
receiving shifted uplink wireless RF cellular signals from the CATV network;
converting the shifted uplink RF cellular signals to original frequency uplink
wireless RF cellular signals;
outputting the original frequency uplink wireless RF cellular signals to a BTS;
receiving original frequency downlink wireless RF signals from the BTS;
converting the original frequency downlink wireless RF signals to shifted downlink

wireless RF signals; and
outputting the shifted downlink wireless RF signals to the CATV network.

12.  The method as set forth in claim 11, wherein the bypass device performs the
steps of;
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t he CAN network. 13. The method as set forth in claim21l, further
conprising: injecting, at the access point of the CAN network, one or nore
pi |l ot corwonapusis wave (CW frequencies for communi cati onpPCo/ushe1issTIoOr
term nation point; and perform ng reverse frequency translation at the

i ndoor term nation point using the one or nore pilot CWfrequencies, to
convert the shifted downlink RF cellular signals and to convert the
original frequency uplink wireless RF signals. 14. The nmethod as set forth
in claim13, wherein the bypass device anplifies the one or nore pilot CW
frequencies in only the direction f t he acgess int & r t he indoor
term nation '§67HP9- ap5 COHPIEd S, ?‘8?@%&%"??&8@3@% @Q@Srﬁéﬁsnh%tvﬁﬁbesgul ti-band
bi di recti onal RElckldiarsignalsaf fi c over a cable tel evision (CAN) network,

oo "9 SfEhlhabofkA BCEATP I8 LTEVouBEe AnaCaRSR AMGMNPT | e AN

network, receivin wn signals, 1nc I'nk” signal s
from a pl ural i shiftesfwirdieasdRF ¢ellwocsignats of shexgqupled siBFS) , and shifting the

ori gi nal do‘“@ﬁsisfégtﬁé BRARV Ssid@Isof the BOUMRACHgHR BloUdhaRE achivaadbriheigi on

signals of the N networkK to provide shifted cellular signals, including
at | east shift g GATNaRetWerkinl i nk signals of a first BTS and shifted second

downl i nk si ghaking YnhAtHees T Shiftéd vireleEdVIRFaveINRr &ignaklof O d2pe91618
PCT/ US02/ 118%% P e SRUen T S ) & 6

_frequency converter for e TS conveyting providing
frequency convé‘ﬂ%?'@ﬂ’”i“ﬂty%@ﬁmée%qwegé&\gﬂgwg&n? ed frequency plan
i nt o pr edet esfter fiedpassihgaepds reebmbiaing the €qliersignalsawith the fegbéreyrsbiftad cel | ul ar
antenna (CMCA) at, an_iLndpor term,nati | : , adapted
to receive ori mrﬁlﬁ?s BEIC’FE arssl'gd‘ﬁg tg‘:%trélvﬁdc%laﬂglpﬁ% f%'{ﬂugtlt‘]eﬁéﬁg%l\érmsdtag%w&nk
si gnal s and or thgiGIV seteonkd upl i nk signals, and shifting the original
uplink signals to a frequency band higher than tel evision signals of the
CATV network to provide shifted cellular signals, including shifted first
uplink signfd.s anemetodfasadt foriciondhimpl| fakhevicgmatising:and a cel | ul ar transport

col Il a5 fisetne ot ' debanmiaaltatl sBov refuEiohs Y atfe ot eehindlle’ 10 ceen
and CMCA vi a t maveJEW] frequencies for communication to the indoor termination point; and
performing reverse frequency translation at the indoor termination point using the
one or more pilot CW frequencies, to convert the shifted downlink RF cellular
signals and to convert the original frequency uplink wireless RF signals.

14. The method as set forth in claim 13, wherein the bypass device amplifies the
one or more pilot CW frequencies in only the direction from the access point toward

the indoor termination point.

15. A system for simultaneously communicating multi-band bidirectional cellular
traffic over a cable television (CATV) network, comprising:

a cellular entrance module (CEEM) at an access point of the CATV network,
receiving original downlink signals, including downlink signals from a plurality of
base transceiver stations (BTS), and shifting the original downlink signals to a
frequency band higher than television signals of the CATV network to provide
shifted cellular signals, including at least shifted first downlink signals of a first

BTS and shifted second downlink signals of a second BTS, the CEEM having a
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16. The system according to claim15, wherein the plurality of BTS incl udes
at least three BTS. 17. The system according to claim 16, wherein the

pl ural i t ywofo2BI®18 ncl udes a BTS of a GSML800 system a BPSTafSozi1igvS
system and a BTS of a GSMB00 system 18. The system according to claim
15, wherein the frequency band higher than the television signals of the
CATV network is a band of 945-1120 MHz. 19. The system according to claim
15, wherein the frequency band higher than the television signals of the
CATV network is a band of 960-1155 MHz. 20. The systemas set forth in

i gnal s T rom (RICRIRHGOTNEL b P adto B TS5 G pect Bncig By cp TR So e
shifting of thecodangervth & predétemivmed fregkesdyguian istotpregetermirgd subdards f t ed

first downlin the original second downlink signals to
provide the smf%gﬁ%& ggﬁ%oml i nk signals; coupling the downlink CAN

signal s, the ahlefmeunt pellular antenna (GMCA)i 3§ 8alindlooptermiaptcs Raint of BRIGATYY second

downl i nk si InaieiwdrR, ¥a H@?ré%eﬁ@'é%lﬁﬂ Wﬂ@d’éﬁ% ﬁicﬁh@ﬁ‘\b orighbEISRPNAK Ng t he
coupl ed downlink sig t hr oug CAN network; recejving a coupl ed upl i nk

na
si gnal from t HENGJaNAREOHBIR! 5%?@66&[5"'“'11@'99?@ aedishiiouthe; oo 4w
provi de upl i nksigaAN téla@ffb@hén@ruéna ARyhemthad %ﬂbvns&ﬂdlgﬂawof:‘ehegqmm netdlork t| ng the
shifted first uplink 0|dersto df r.st | i nk ml%ﬁals
cor r espondi ng tPrP'PY'%‘h&b%‘c’:@ el "'t"h '6¥? g’P?‘I% Ing i @F JJB?t W‘" iSER s ng
shifting the shi‘ﬂeﬁtsecbrﬁl&momdsugmls akd signals to provide restor ed second
uplink signals res i e r upl i nk
si gnal s; tre?n%eﬂglﬂ {r%rbsp ?ndOd[] ET@&EP% gax Cgmggﬁ%‘? %Cﬁkl net Is?eq‘ﬁ&ﬂand
transporting tthe sf’efadopeiulafrl $l®talaj|blem9kccsmrgwa¢a$echr¢delt the (CATNVO PEOskecond
upl i nk signal sbehk&nhtnggggkj éHd vBBLAA&eE?M: The systemas set forth in

e pe

claim 20, whereint orns the steps of: receiving uplink CAN
signals; the receiving of the original first uplink signals and the

original Sq‘éondTheDsyspem according to claim 15, wherein the plurality of BTS includes at
least three BTS.

17. The system according to claim 16, wherein the plurality of BTS includes a
BTS of a GSM1800 system, a BTS of a UMTS system, and a BTS of a GSMS00

system.

18.  The system according to claim 15, wherein the frequency band higher than
the television signals of the CATV network is a band of 945-1120 MHz.

19. The system according to claim 15, wherein the frequency band higher than
the television signals of the CATV network is a band of 960-1155 MHz.

20. The system as set forth in claim 15, wherein the CEEM performs the steps of:
receiving downlink CATV signals from the CATV network;
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signals over a bi-directional antenna; the shifting of the original first
uplink signals to provide the shifted first uplink signals and the

shi fti ng wbD ologieées i gi nal second uplink signals to provi depPchaSoxhistt ed
second uplink signals; coupling the uplink CAN signals, the shifted first
uplink signals, and the shifted second uplink signals to provide a coupled
uplink signal; transporting the coupled uplink signal through the CAN
network; receiving the coupled downlink signal fromthe CATV networKk;
decoupling the coupled downlink signal to provide downlink CATV signals,

the shifted first downlink signals, and the shift econd. downl j nk
si gnal s; - 23heeniding o Y1 rﬂSﬁ’Z’/‘h’l“Sﬁ@"a'ssﬁl H’?‘f'qf‘gt%? ﬁg"%@ figst g?i”m'i”

downl i nk si gnasigndi® aﬂﬂodfl e dr@ﬁffapl’s&d)nﬁldcﬁ&nhﬁlowrglnlalektosprgm&é Sthé:&hiftéﬁpondl ng
in frequency to taﬁ |%knal first downlink signals, and shifting the
shifted secondSFGMAPPHRMESGRAIF's t o provide restored second downlink signals
correspondi rkgnuprhgfthequ\ﬁmmy GAd'thnghatsr thgi shistied Siest dowinlidk wighals karsli ajgveths ;

transporting the. downl i | receiver; and
transmtting t%@ﬁ setc?)édﬂl%mﬁﬁrm(?b ré\{gdegal I:OGH f%j dé‘r’n"gn}lﬁ félstor ed second
downl i nk  sitgavebertingy the comiedaqicw@lllIrlleszlgmaiﬁmnm.\rﬂ:\%ﬁr“riV NEQVOka'he system as set
forth in claj @%laﬂ%\gcUuﬁl&?rphPPgBﬁél%H\Qhe CAIrgGkii at the CEEM one or more

pi |l ot continuous requencies in the coupled downlink signal; and
per f or m ng r‘éﬁﬁ@#@@gﬂhee‘%ﬂh'é éyp'ﬂﬂkeﬁllﬁﬂab@lpﬂ?‘{'%m@f( @ﬁEVé'ﬁBaléla“ﬁ’rﬁ‘teé feflot cw

frequenci es, atellule sigharé to performthe shifting of the shifted first and
second downl i.nk signals } ng of  the or ‘{R/Iﬂl rst nd second

upl i nk si gna$hift '“923“6 ?H@egfgit H’ﬁ"&% sé%‘@sf o provids Eeﬁgf R &9p3 t°‘he CETM
perforns the st&pspeiding fnefﬁé?qu&md?go tﬁé oﬁglﬁmuﬁt&dluﬂd ggmalls, emdsh(jﬁngtthe coupl ed

upl i nk signal coup e I nk si ' tween CAN
signal s of the%g‘?.i’[plsgaorkdi Q'HI éﬁaaéh‘f’f P@a"’g féss‘ or e@éngjgtgh@ﬁé@ H% s of the
coupl ed si gnal corpsspsnding it frequahsy &i the atiginal secdnd uptml@lgmlssi gnal through the
active Corrpot?ﬁ{%or%g th%%li%ﬂ%i&%l&o the CATV network; and

transporting the restored first uplink signals and the restored second uplink signals

to the cellular network.

21.  The system as set forth in claim 20, wherein the CMCA performs the steps of:

receiving uplink CATV signals;

the receiving of the original first uplink signals and the original second uplink
signals over a bi-directional antenna;

the shifting of the original first uplink signals to provide the shifted first uplink
signals and the shifting of the original second uplink signals to provide the
shifted second uplink signals;

coupling the uplink CATV signals, the shifted first uplink signals, and the shifted
second uplink signals to provide a coupled uplink signal;

transporting the coupled uplink signal through the CATV network;

receiving the coupled downlink signal from the CATV network;

decoupling the coupled downlink signal to provide downlink CATV sié”hals, the
shifted first downlink signals, and the shifted second downlink signals;
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passing the shifted first and second signals of the coupled signal around
the active conponent of the CAN network; and after the passing steps,
reconbi niwg oehel6@AN si gnal s of the coupled signal with treTalsot/imdar first
and second signals of the coupled signal to provide a signal for

transm ssion over the CAN network. 24. The systemas set forth in claim 23,
further conprising: injecting, at the CEEM one or nore pilot continuous
wave (CW frequencies in the coupled downlink signal; and -24 WO 02/ 091618
PCT/ US02/ 11867 perform ng reverse frequency translation using the one or
nore pilot CWfrequencies, at the ¢ . to perform.t hifting of the

Shi fted 1 r Shitad s soBraTsa Bk o oSrg e P BRI REY SRR ERR R or: gi nal
first and secodtresypndinl irsfrgu@hsy to tikborightal fippdovatinis sils, aup phifting e

mul ti-band bidirectional .cellul ar cqmmunication i n r.. m nati on
poi nt of 'a PP Bk efigs W AR e Risgl seofO doROBR b T,
converting oriaimespontling duigemencydbithekoriginab$esond RPwnling sighals.of a first

cel T'ul ar SX%%@%@;%@&&E:%%g;na@ft&s'E@evisgﬁﬁg{ag%?g@&%@g first shifted

uplink wreless | s, and converting ted downlink wreless
RF signal s, traasmittingdhe restared rscagwnling sigpeiskandt the gestejed gaecandedpwaily downl i nk

wireless RF sigialsovef thkbRdifdclistal amedaul ar system and a second frequency
converter for: Cconverting original frequency uplink wreless RF signals of

a second cellular system received froman antenna, to correspondi ng

second shifbed Hpld BKm M delfifish %ﬁ(gﬂ?gpgpc ishenverting second shifted

downl i nk wirel ess signal s, recelved om t he TV network, -to original
frequency ddniastinakatihe eEENsomrorgTeaAilet coptinugas wave GiYY) Feauepgiesindiest em

wherein the shijubed dbihiPkedhalindi gnal s have respective sub-band
frequencies in accordance with a predeterm ned frequenc 26. The

1 [ ! pl an.
appar at us a<PesRIMIRG FeYeTse ftaaypraY2 Hansiafiop husing Jher $ns R ’ﬁg’iehpﬁcﬁ Fequency
frequencies, at the CMCA, to perform the shifting of the shifted first and second

downlink signals and the shifting of the original first and second uplink signals.

23. The system as set forth in claim 21, wherein the CETM performs the steps of:

receiving, as a coupled signal, one of the coupled uplink signal and the coupled
downlink signal;

differentiating between CATV signals of the coupled signal and shifted first and
second signals of the coupled signal;

passing the CATV signals of the coupled signal through the active component of
the CATV network;

passing the shifted first and second signals of the coupled signal around the active
component of the CATV network; and

after the passing steps, recombining the CATV signals of the coupled signal with
the shifted first and second signals of the coupled signal to provide a signal for
transmission over the CATV network.

24. The system as set forth in claim 23, further comprising:
injecting, at the CEEM, one or more pilot continuous wave (CW) frequencies in the

coupled downlink signal; and
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for: converting original frequency uplink wireless RF signals of a third
cellular system received froman antenna, to corresponding third shifted
upl i nk wiwelessiesRl- signals, and converting third shiftedpdavudoz/mi86wi r el ess
RF signals, received fromthe CAN network, to original frequency downlink
wireless RF signals of the third cellular system -25

performing reverse frequency translation using the one or more pilot CW
frequencies, at the CMCA, to perform the shifting of the shifted first and second
downlink signals and the shifting of the original first and second uplink signals.

25.  An apparatus for supporting multi-band bidirectional cellular communication at
an indoor termination point of a CATV network, comprising:
a first frequency converter for:
converting original frequency uplink wireless RF signals of a first cellular
system, received from an antenna, to corresponding first shifted uplink
wireless RF signals, and
converting first shifted downlink wireless RF signals, received from the CATV
network, to original frequency downlink wireless RF signals of the first
cellular system; and
a second frequency converter for:
converting original frequency uplink wireless RF signals of a second cellular
system, received from an antenna, to corresponding second shifted uplink
wireless RF signals, and
converting second shifted downlink wireless RF signals, received from the
CATV network, to original frequency downlink wireless RF signals of the
second cellular system;
wherein the shifted wireless RF signals have respective sub-band frequencies in
accordance with a predetermined frequency plan.

26. The apparatus as set forth in claim 25, further comprising a third frequency
for:
converting original frequency uplink wireless RF signals of a third cellular system,
received from an antenna, to corresponding third shifted uplink wireless RF
signals, and
converting third shifted downlink wireless RF signals, received from the CATV
network, to original frequency downlink wireless RF signals of the third cellular
system.
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