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BACKGROUND A wirel ess conmuni cati on systemtypically provides one or nore
forms of wireless access to nobile access devices, enabling themto engage
in voice and data comruni cations with other devices - both wired and
wireless - operating in orpeapRasiEBuldd AfiEnsyaseMm and to partake in

vari ous other comuni cation services provided or supported by the system
The conmmuni cation path froma nobile access device, such as a cellular

tel ephone, personal digital 3a§sisTEBARPIROATION @8N appropriately equi pped
portabl e conputer, for instance, t0O one or nore ot her comrunication

endpoi nts gen I raver radi o f Yo (FF) pRsidnAt &F 0 a
base transceijég éé%kﬁ@%lf%ﬁ@5§%ﬁggklgf%ﬁggﬁgb¥)aédeggk%gpﬁtﬁpgﬁgﬁ%% into a
core tra t K Wi base. station contrall BSC) ..connected to a
robi 16 ounnan RG24 T VERF A, B aRRlaRY St ae (oo | e
MSC supports primarily circuit voice comuni cations, providing

interconnectivity with other MSCs and PSTN swi tches, for exanple. The PDSN

supports packet data connunicatiggs; gggﬁ! ng interconnectivity with
packet - dat a networks, such as th —Vi a ot her packet-data sw tches

and routers. In a cellular wireless sysﬁenl the BTS, BSC, MSC, K and PDSN,
anong possi bl Y BFHES COYRBBIHEINSYSITB ek Propidespiedy awee loppplgireless
infrastructure, also sonetines referred to as. the radi o access network
(RAN) . ARKR fodnqhéle aracys deVicen 5‘?@11%@81%? Aitpagoina’ OftF @R UM FURNUHEARNE ect ur e,
with a distribution of nmultiple BTSs that provide areas of coverage (e.qg.,
cel | s wivtidy ¢hes dgaesgraioH wir grireleghd eperathig it grronpictedro hesiaemend funber  of
BSCs, which in turn are

partake in various other communication services provided or supported by the system. The

communication path from a mobile access device, such as a cellular telephone, personal
digital assistant (PDA), or an appropriately equipped portable computer, for instance, to one
or more other communication endpoints generally traverses a radio frequency (RI) air

15 interface to a base transceiver station (BTS) or other form of access point, and on into a core
transport network via a base station controller (BSC) connected to a mobile switching center
(MSC) or to a packet data serving node (PDSN). The MSC supports primarily circuit voice
communications, providing interconnectivity with other MSCs and PSTN switches, for
example. The PDSN supports packet data communications, providing interconnectivity with

20  packet-data networks, such as the Internet, via other packet-data switches and routers.

In a cellular wireless system, the BTS, BSC, MSC, and PDSN, among possibly other
components, comprise the wireless access infrastructure, also sometimes referred to as the
radio access network (RAN). A RAN is usually arranged according to a hierarchical
architecture, with a distribution of multiple BTSs that provide areas of coverage (e.g., cells)

25  within a geographic region, under the control of a smaller number of BSCs, which in turn are

controlled by one or a few regional (e.g., metropolitan area) MSCs. As a mobile device



controlled by one or a fewregional (e.g., netropolitan area) M5Cs. As a
nobi | e devi cenbves about within the wireless system it may hand off from
one cel | woroomviss46f orm of coverage area) to anot her. Haoaafstoiossissual |y
triggered by the RAN as it nonitors the operating conditions of the nobile
device by way of one or nore signal power |levels reported by the device to
the RAN. As the demand for wirel ess services has grown, and the variety of

physi cal R SRRIRS devitdiise BysWinf, &l RS %aAE 68 3%nd cheREPY d8A: REGOFES NMDre
di verse, the need for new topol ogies and technol ogi es for coverage has

becone i nE&ARI MG Yo JnBREE t%ﬁoffﬁtushﬁs('tﬁl\g%‘?edtﬂlﬂﬁe RANLLNASi ¥R Bt hods of

Wi rel ess access, including WFi and becom ng nore ubi qui tous,

part | oul aplyub . ABLEAPHIAL ARIEAS, nCORSEWERE I L1AHALPRRL RSB 2

service ovi ders are looking for wa O Integrate ferent types of
mnrelesstgq&gi% kﬂgmg§t5yctures within their core transport and services
networks.”I'n a as mﬁreless access |nfrastructures of different

Servi %e pr ovi (As the e%lr:]lgd 0? wor\é es sepw lilas %?\Fré, andﬁl Svtanf}:lﬁaf n%‘llc!aler spaces, t he

ability to shafe comon 1Tnfrastruc Ur'e s co érational benefits
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coverage in locati Onﬁ RF Slgﬁ{}?ﬁﬁ do not reach or ate, and on a
rel at i vel'SPYISHE 225G %rc%?ivga OB I PTERE YRR S %h@% P 1y
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what is referred to herein as the "standard DAS architecture”

within their core transport and services networks. In addition, as wireless access

infrastructures of different service providers tend to overlap more and more within smaller

spaces, the ability to share common infrastructure offers cost and operational benefits to

network owners and operators.

15
SUMMARY
A particular architectural challenge facing the wireless access infrastructure is to
provide adequate coverage in locations where RI signals do not reach or penetrate, and on a
relatively fine geographic scale, using equipment that is physically unobtrusive. One solution
20  to emerge is a distributed antenna system (DAS), which subdivides and distributes the radio

transmitter/receiver functionality of the BTS among a number of smaller, lower-power

antenna nodes. The nodes can be deployed so as to provide coverage within underserved

structures (e.g., in buildings) or over terrain where deployment of traditional cell towers is

impractical or not permitted. In what is referred to herein as the “standard DAS architecture”

25  (orjust DAS for short), the radio and antenna subsystem of a “traditional” BTS is replaced



(or just DAS for short), the radio and antenna subsystemof a "traditional"
BTS is replacedwith a DAS "head end"” unit that splits the input RF signal

i nt o sepawatelidgiial porti ons and routes them as di git alPcoise@alo3zshgnal s to
smal |, renote antenna nodes via fiber optic transm ssion |inks. Each node
then transmts only its RF signal portion. The DAS head end al so receives
signal portions fromthe renote nodes, and conbi nes themfor relay back

into the et O”K “hchlendARINEApIRNfhe FGRERM S nd1tisto képakke %ﬁf@&ﬁ‘&m(&ﬁd nor e
traditional BTSs. More specifically, the traditional BTS includes an RF

modul at i QR SURSYSE & ta(l%%tiéﬂ?gi'gléﬁé t_otsﬁﬂlh, £RADNEhRnd RRed NRHbeRPEELAN Si gnal s

fromthe network 1 nfo passband signals on RF carriers. The output of the RF

modul e i Scra}‘n i 'ﬂ'[kgc%iﬁcql ntoﬁe Ehlaﬁ“ trB%ertts oﬁllfy 6% Ek%ﬁl%gll %dﬁg?rp T@e%éjl?e 'énc( e.g., 20

W, digita I nk. e reverse direct s received via the

into ¢ he BarserE: PATARPEAL TRy BBl Rl BpRAREIARN e SRRR R0 ena

is sane %ﬁa%gatkbetmeen t he RF nodul ati on subsystem and t he radi o/ ant enna

subsystem o %W traditional BTS. As such, multiple BTSs fromnultiple

service providger n be connected to.single DAS head thus al |l ow ng
Them to Shar e 1 AT SGRRRF bt Pabttrdn Pk & mork iR S MOE D
architecture, encoded.bas d signals are routed fro baseband unit
AR A e R R e AR T
appropriate RF carriers for radio transm ssion to nobil e devices. The
baseband PIHKS t@é?%g??e'?ar?és @s e tg‘%‘éet?"éf Rig PRssbATY SRAAYEN BE €56 power
(e.g., a _few , Fiber-optic lines that support conmunicatjons according
to one orlhgRBPHEM tpRhmofile s theeroppestcddohs iipw el BpBdSrid @ lig@Avstal i zi ng BTS
operation. Each renpte radi o head includes a renote digital-to-RF nodul e

t hat YundereddWandieiddnk| p thoreveree derectipnd R sisgpls roceived waihe dgil idrse For t he

pur poses of the discussion herein, the alternative DAS architecture shal
be ref er rdegntcgnsted Hethe BEh lraseband for transmission into the network. The interface

between the RI module and the DAS head end is same as that between the R modulation
subsystem and the radio/antenna subsystem of a traditional BTS. As such, multiple BT'Ss
from multiple service providers can be connected to single DAS head end, thus allowing

15  them to share a common access infrastructure.

In an alternative DAS architecture, encoded baseband signals are routed from a

baseband unit (BBU) to remote “radio heads” where the signals are modulated to appropriate
RF carriers for radio transmission to mobile devices. The baseband links between the BBU
and the remote radio heads are low-power (e.g., a few mW), fiber-optic lines that support

20  communications according to one or another open interface protocols developed for
decentralizing BTS operation. Each remote radio head includes a remote digital-to-RF
module that functions analogously to the RIF module of the traditional BTS. For the purposes
of the discussion herein, the alternative DAS architecture shall be referred to as the “remote

radio head” (RRH) architecture.



radi o head" (RRH) architecture. Each form of DAS architecture has advant ages
and di sadvant ages. Consequently, service providers nust weigh tradeoffs
when evalwetnngidskei si ons to depl oy one or the other. TIReTRRRD1Q0835PT ect ur e
| argely elimnates the need for costly, high-power RF conversion in the
traditional BTS by distributing encoded baseband signals directly to the
renote radi o heads. Moreover, the network input to the BBU is not

restricted onkycH @nfof ﬁustar&lﬁédta&hﬁas Ak Ragebd ALV In%a 0l NeSnsE QLA Of network
traffic and protocols, including WFi, WLAN, and other types of "native

packet daldidHARRRA hust W@‘Qﬁ‘(x‘%&eoﬂ%%‘én Q@éﬁ'&lﬁé"@ecﬁs‘ldﬁ% «f a@m tRE oBRYofHer. 2

particul ar refote radio can generall'y Support onl'y one transport

technol O%qegupa&ﬂntg%mﬁeem oy e&}m\ﬁt@s FMecH¥eFost B et po AUKIERGNGAS Gan

general ly no ate a given“incomng link to | carrier or any one
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is rel at Iﬁﬂﬁéehghexr% 1npu99)r{9ea ﬁﬁﬂ i n(;[th S rfc ed Onli’?]t 1o cu&ﬁp cetllldﬁ gat% %Tts the

nunber of 84" any glven Irec with the

nunber of reno ode vice prOV|der
at e timedmip RoEr 18T Sfalggveoglé{%f*{ Fﬁwfe{éﬁdﬁyéﬂ? i BmenT A aafi?g%ef HEScarr f er
frequency .and one transport t chnolo at _a archlt cture has
1 own 1 Bfiosrrcket REERRAY JTM DR RG Bttt Tontthg T e ubiuE nel udos
an RF COﬂdItlg%% @? dule t hat can 9|It and distribute nultlgle i nput RF
si gnal s B it ENHE %ﬂHWE“B?Ié@?vwE@”bWQWFH@V§ta?W%81 i onal BTSs,
and then route the separate signals to the different nodes accordlng to
cover age {16+ GgMe itk c§.), andspg Cﬂﬁﬂ?ﬁﬁn§%%X@?@¥m§6ébF?FEBmH§ linhé& servi ce
provi ders. Thus the DAS head end supports diverse depl oynent topol ogi es of
renot!® nderbene R caggien o1 ¥, ong pordigurgen oftie pivprulink. dn adatiry eastirergete fade0 RF
modul e of a source BTS, the DAS head end and renpte nodes can accommodat e
mul ti pl e heat mP@peraighay dedigaradi regrote Rt Thas sMe et aghRIE Bwewe fsent

transm ssi ons, thereby achievin
relatively inexpensive compared with that of a traditional BTS, the number of RRH RF

modules in any given deployment scales directly with the number of remote nodes. Finally, a
single BBU supports one service provider at a time, since each baseband link can be
15  configured for only one carrier frequency and one transport technology at a time.
The DAS architecture has its own tradeoffs. The head end of the standard DAS
architecture includes an RF conditioning module that can split and distribute multiple input
RF signals from one or more networks or service providers’ traditional BTSs, and then route
the separate signals to the different nodes according to coverage topologies (e.g., cells and/or
20  sectors) specified by the service providers. Thus the DAS head end supports diverse
deployment topologies of remote nodes. In addition, since each RI input is the output of the
RF module of a source BTS, the DAS head end and remote nodes can accommodate multiple
carriers and cellular transport technologies in concurrent transmissions, thereby achieving
concurrent sharing of radio resources. The RIF conditioning module can also load balance the

25  power delivered among the remote nodes based on the traffic load at each node. However,



concurrent sharing of radio resources. The RF conditioning nodule can al so
| oad bal ance the power delivered anong the renpte nodes based on the
traffic |Iwedoari3emaeh node. However,the standard DAS ar cirCrastano®3sn | |

requi res each source BTS to include an expensive RF nodule, and to support
a high-power digital interface to the DAS head end. Further, the physical

di stance of this interface link is limted, unless sone formof repeater is

enpl oyed.d faRAA DA BrehitddRird FANSHRLL cABCHRA! BS REnSURPAI&BChsRERH i M ted to
those of traditional BTSs, meking integration with native packet-based
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architectures present service providers and network operators wth a set of
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addr ess enges suc rversity of transport technologies, "common
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ot hers. nore versa ure 1's nee addr ess these and

ot her SCh%a'tk‘?n“ CReio oM | 1}% bg&e%‘a‘%'ecfjt?a‘%'ﬁg&ﬁ dé‘lgre"é{%éﬁ'ﬂ >SS access . .
i nfrastructures.“Accordi ngl'y, various enbodi nents of the present invention

provide a flexjble.DAS thahgc . _.support i de and expandabl e array of
bransport t echblBEREE RIS RE IV Rod Lot BEPERLE Rt £ ent
processing, .transm ssion, and receptign of co ni.cations.according to
Sone. or ThjAcer e are st Pe AR o cCHRBPBGH GURi R R PR RNt ancous
RF transm ssion. and reception on different RF carriers; or support
versatiléhiﬁﬂméFg F§@“%B@8¢ﬁﬁégﬂgﬁgﬁﬁﬁﬂﬁ§(%WﬁﬂﬁoguﬂF§W?FﬁW% Sof ant enna
nodes; or incorporate intelligent routing of signals to antenna nodes, and
support  |GBOB AL TR A 2T he T3 9h SOVRERgE SONTISPTaH ARSI IO Ge&Y ent  ser vi ce
provi ders to share a comon W rel ess access infrastructure; or sone
combilfati on of* Befeerntila PASHrChiEeuR &t RisHtko afips shese andapler challsagas of
enbodi nents of the 5resent_systen1p[ovide an apparatus conprising: a radio
f r equencyFOiRIYing gREJAPIQYHIZYETNe5E BtCessHBVASHBCtarep | Aecardingly,. ofrigusr st physi cal

embodiments of the present invention provide a flexible DAS that can: support a wide and

expandable array of transport technologies from the network side; or support concurrent

processing, transmission, and reception of communications according to some, or any or all

15  of the relevant technologies; or support simultaneous RIY transmission and reception on

different R carriers; or support versatile and diverse coverage topologies among a

distribution of antenna nodes; or incorporate intelligent routing of signals to antenna nodes,

and support load balancing among the antenna nodes; or enable different service providers to

share a common wireless access infrastructure; or some combination of some or all of the

20  forgoing.
Hence, in one respect, embodiments of the present system provide an apparatus
comprising: a radio frequency (RIF) conditioning module having a plurality of first physical
interfaces and being configured to: receive a respective input digital RF physical signal via

each of one or more of the plurality of first physical interfaces, split each received respective

25  input digital RI physical signal into a respective number of duplicate signals, combine



interfaces and being configured to: receive a respective input digital RF
physi cal signal via each of one or nore of the plurality of first physical
i nt erf ace®p 20pli3ss46ach recei ved respective input digitalPCREUSphY®BISAY si gnal
into a respective nunber of duplicate signals, conbineparticular duplicate
signals selected fromanong each of the respective nunber of duplicate
signals into one or nore superposition RF signals, and route and transmt
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nodes to which the apparatus is configured to be connunlcatlve?y coupl ed,;

and one qf nHi?'irﬁo b%r@&%@hﬁ%oﬁﬁ&%ﬁ%gﬁﬁg Rt d FaFAMTHB bRASH N&e CONNECt i on
to one of ‘the plurality of first physical interfaces, and each configured

to: recei I respective
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i nterfaces a% one 0 e resp ectrve in S|gnals I n
anot her re f %p i ments of th rOV|de an appar at us
compr 51 i 4 PRAFG R 8y e %%40 i tﬁf%% oS b Wplural ity
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o communi BAP VB ahEEr DR DY G e Bt Brar PRy 1%1&"?%10% jegiidg)
interfaces Ss and nma e Io | C.exel cut abl RJocessor to
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signal via each of one or nore of the Iuralltﬁ%of first physical
i nt er f ac&SNGFORPEMREIE YA i OB 5Nt tortreonsrel dismdeh Al HE' modul e,
split each received respective input digital RF physical signal into a
r espeldt i VBYHieAkHEGTases a9 @BF Picthe ESRECHYRANBUL digitat IR Pysicalyighalsi oni ng nodul e,
conbi ne particular duplicate signals selected fromanong each of the
respective nulb@iothst regpash cwhedEments ARING Piepand SY5IFE RIPViAD ARAPPABBI posi t i on RF
signals, at the RF conditioning nodule, route and transmt the one or nore
super posictmprsiRE siadiedleguengy SiE)aendifrorafg medide kavingtaaiwrality of first physical

interfaces; one or more low-power RIF modules each having a communicative connection to

one of the plurality of first physical interfaces; a processor; and machine logic executable by

15  the processor to cause the apparatus to: receive a respective input digital RI physical signal

via each of one or more of the plurality of first physical interfaces of the RI¥ conditioning

module, at the RF conditioning module, split each received respective input digital RF

physical signal into a respective number of duplicate signals, at the RIF conditioning module,

combine particular duplicate signals selected from among each of the respective number of

20  duplicate signals into one or more superposition RI signals, at the RIF conditioning module,

route and transmit the one or more superposition RF signals to an array of remote antenna

nodes to which the apparatus is configured to be communicatively coupled, at a given one of

the one or more low-power RIF modules, receive a baseband digital optical signal via a

respective second physical interface, at the given one of the one or more low-power RV

25  modules, modulate the received respective baseband digital optical signal to an RF passband



nodes to which the apparatus is configured to be communicatively coupl ed,

at a given one of the one or nore | ow power RF nodul es, receive a baseband
di gi tal opOi2esl13s34gnal via a respective second physi cal PCmtusedlamassoat t he
gi ven one of the one or nore | ow power RF nodul es, nodul ate the received
respective baseband digital optical signal to an RF passbandsignal, and at
the given one of the one or nore | ow power RF nodul es, send the RF passband

si gnal t QidyheaddFa eRNNchicdl bige BRAM nford |Ay-pdeer RO S AlchY e ROPACBHALN tO
the one of the plurality of first physical interfaces as one of the

respecti \enh B 18k AnkifoniRE nRAYE VEADe SdngN@AiSuive BonkElioR MOt Bhe S8EPECT ,

enbodi nent’s of the present “system provide, Iin an apparatus conprising (i) a
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physi cal ‘I nterfaces an 1) one or nore [ow po e havi ng a

comuni cative Iﬁe? H%(gﬁégg%géc?, e%ﬁ)%dﬁﬁaf‘:{l{s{bﬁ teh% :Qgésaltis%ﬁx%r? Erofvid'é,slh a Eﬁp}?a?&l

interfaces, a ri’si ng: con ning no receiving a
respective input .digit RE i cal..si.gnal ~via each.of. .one.or nore of the
ot ur a0y opRREE P Bl Bt R AL oL RBRGI L O0T R oRRLS) o
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cont v ng RALL U2 L Leate, ol anal e seleeled, LLamamnn, sech lthe

signals; at_the RF ndi tj oni ng nodul e, routing and transmtting the one or
nor e supéPb‘BE‘i“P%‘ﬁo‘g&lie’éﬁC@Wéﬂgér Fediedrruagistt! Rtarhypical sign ﬁ&?aeaﬁfaag@et 0 which
the apparatus i s conmunicatively coupl ed; at a given one or nore of the one
or nore |%MPBoNehe Reraliyd sy physicabiniriaers 2t thediecandiianing sogula FPHtge al
optical signal via a respective second physical interface; at the given one
or noile GRCR I§eeiBddepECtYS Pyl Gaid Shahy sl gl e 2 1eFBftN a by AkFr Che recei ved
respective baseband digital optical signal to a respective RF passband

si gnal ; dhalicetc sgnalsgitylaRIGerndgonipg modgle, %%1@%%?0%&@11%%—%@@@ RF

nodul es, sending the respective RF passband signal to the RF conditioning
nmodul e visalegthdlremrmeng eavhiol e cespertive Nnbar of dymdicate signals into one or more

superposition RF signals; at the RF conditioning module, routing and transmitting the one or
more superposition RE signals to an array of remote antenna nodes to which the apparatus is
15  communicatively coupled; at a given one or more of the one or more low-power RIF modules,
receiving a respective baseband digital optical signal via a respective second physical
interface; at the given one or more of the one or more low-power RI modules, modulating
the received respective baseband digital optical signal to a respective RIF passband signal; and
at the given one or more of the one or more low-power RI' modules, sending the respective
20  RF passband signal to the RIF conditioning module via the communicative connection to the
one of the plurality of first physical interfaces as one of the respective input digital RF
physical signals.
These as well as other aspects, advantages, and alternatives will become apparent to
those of ordinary skill in the art by reading the following detailed description, with reference

25  where appropriate to the accompanying drawings. Further, it should be understood that this



one of the plurality of first physical interfaces as one of the respective
i nput digital RF physical signals. These as well as other aspects,

advant ages 2andi3ad4ber nati ves wil | becone apparent to these/ustolonssiseary
skill in the art by reading the follow ng detail ed description, with
reference where appropriate to the acconpanying drawi ngs. Further, it
shoul d be understood that thissummary and ot her descriptions and figures

provi ded shghfiyundlotct MseMsiRds b fidukddShdvade ntRe a{ré‘iﬁ%‘éﬂ%lécpte iMe@Yneof exanpl e
only and, as such, that numerous variations are possible. For instance,
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di stributed, eli'mnated, herw se changed, while remaining within the

scope of lﬁéﬁﬁc{; 1 Q&ﬂapéierﬁéalts%lna' MRGss stiit G it h el (b TGl NS> Figure

1 is an exanple Wi rel ess 'commini cati on systemin i ments of
a flexibl h r an exanpl e
depl oymen? H]P‘é%d (glﬁglh %E%ngdaglgﬁgf ulgr?ggWlt gﬁrsg()p% O:f gﬂegﬁ;&e@%rﬁ% | e bl ock

di agr am OE St andard DAS head end. Figure 4 illustrates an exanple

depl oynen W0 an RRH architecture. Fi gure 5 is an exanple bl ock diagram of
a BBU in an RRH architecture. Figure 6 is an exanple block diagramof a

fl exi ble DAS head end. Figure 7 is an exanple bl ock diagramof a flexible

DAS head end that incl Figure 8 is a
flowchart illustrati ngﬁﬁﬁﬁgmmpa@[ﬂbm& §| bl e DAS head end.
DETAI LED DESCR| PTI ON The pres invention will be des ribe way . of
exanpl e with F é%“éer]eﬁéé CXYIREF P ?%Ele%?&%@é‘%ln‘ccé%‘}?rﬁéﬁtﬁl&l‘é FH(?F@B‘? ﬁ@ntéBEe

Division Multiple Access (CDMA), UMIS, GSM WFi,
a flexible DAS head end could be déployed.

10 Figure 2 illustrates an example deployment of a standard DAS architecture.
Figure 3 is an example block diagram of a standard DAS head end.
Figure 4 illustrates an example deployment of an RRH architecture.
Figure 5 is an example block diagram of a BBU in an RRH architecture.
Figure 6 is an example block diagram of a flexible DAS head end.
15 Figure 7 is an example block diagram of a flexible DAS head end that includes a
smart antenna interface.

Figure 8 is a flowchart illustrating a method of operation of a flexible DAS head end.

DETAILED DESCRIPTION
20 The present invention will be described by way of example with reference to wireless
access technologies including Code Division Multiple Access (CDMA), UMTS, GSM, WiFi,
and WiMax, although the invention is not limited to these technologies. CDMA and GSM
are typically deployed in cellular wireless communication systems, and generally encompass
a number of related technologies that collectively and/or individually support both circuit-

25  cellular communications, including voice and circuit-based packet communications, and



and W Max, although the inventionis not limted to these technol ogi es.
CDVA and GSM are typically deployed in cellular w rel ess comruni cation
syst ens, wWoRIperssi4al | y enconpass a nunber of rel ated teehmalSegiomsssvhat
collectively and/or individually support both circuitcellular
comuni cati ons, including voice and circuit-based packet comruni cations,
andnati ve packet-data comruni cations. For the purposes of the discussion

herein, %&1@%\4&(&@%IcMmﬁlfmniraatmng%ﬁﬁq ﬁj?]?els thet AEESidrneaRRlay Rl | such

S
technol ogi es.” Exanpl es of protocols in the famly include, wthout

limtati Cfﬁ‘mﬁymgf ﬁgf)tos)&?’ Bhn H@{aﬁenvtgﬁﬁﬂ@ ﬂ)lsall dush %@hnohéliego gQamﬂlé’(ﬁ%ﬁ)toc%ﬁd GSM

anong ot hers. tive packet-data wrtreless protocdls and technol ogi es,

i ncl ude, i Ct{?*}ﬁnglgy {glicl%é,%ﬂ.hgﬂllﬁ‘ﬁi{iﬁit'on [\ ne W;ﬁgmkervgﬁ%lmé '%%?gﬁ@%mgﬂ&s%@”e or

all of wh e | nterrel at ed. e term ess ernet” Is al so

somet i ”eSa{lg'2@%fa&ﬁﬂg&‘ﬁéﬂs.bﬁaﬁ%&a@ﬁetﬂ&?EJ?I%[essoé{nmtogﬁQnd%é?ﬁlﬁ?l%gﬂeé n‘{"cﬁuﬁ?pe“ s _of

t hese pro ure 1 s an exanpl e r ess conmmufi cati on system

ouned sandl 00 ARGLALE Sy Y SANEE VL 5, ASHI ALK, ML o0y HATRLE perboc e

of a PIefY d’be oyed. el"ess” access device
conmmuni cat i vel y . con ectgd(%o q§ system b of an RF.air interface 103
Lo a BTS BBk i i rigrsicss hepihds taesdusitped Toucrbenme Soher o or f ace
103 is de&%ned andlinplenent%d accor ing to one or nore of a CDVA fam |y of
pr ot ocol €T BFREPTRGEON 8T 4Bt e PYSAISVEC 110 for circuit-cel | ul ar
connunication%, and via a packet control functionIéPCF%11%4 to a PDSN 116
for packet dat B EohthIlF ERETEHLe WiHES (REMUBICUEREETR VP! DIBEPRES  t hus
provi ding a comruni cation path to |andline circuit networks. The connection
to the PEYR sgveipgovides i Vhiehopniadmpls embgrlimeanef atfexible LN Aed PoAPIyst ween t he
MSC 110 and other circuit switched, including (wthout |limtation) |ocal
exchafige Swireletiescess davised W8 ogenusigat eheconpegied tg ths-syptemn by owy 9rREes and
interconnections with other carriers' networks, and other MS5Cs both in the
carri er' girjeieriencd Oatp BUHAPO. edighiie fugn isrerngsicl 40 2 BSCilH8 ‘Ereklgair intsfappSN 116
is connected to a packet-sw tched network 118, which

103 is defined and implemented according to one or more of a CDMA family of protocols.

The BSC is connected to an MSC 110 for circuit-cellular communications, and via a packet

control function (PCF) 114 to a PDSN 116 for packet data communications. The MSC is

15  connected to a PSTN 112, thus providing a communication path to landline circuit networks.

The connection to the PSTN 112 is also intended to represent trunk connections between the

MSC 110 and other circuit switched, including (without limitation) local exchange switches,

interexchange switches for long-distance services and interconnections with other carriers’

networks, and other MSCs both in the carrier’s network and other carriers’ networks.

20 As indicated, the PDSN 116 is connected to a packet-switched network 118, which

could be the Internet or a core packet transport network that is part of the wireless

communication system. A computer 120 is also shown being connected to the packet

network 118, and the wireless device 102 could engage in communications with the computer

120 via a path such as the one just described. It will be appreciated that, although not shown,

25  other communication devices, as well as communication and application servers could be



could be the Internet or a core packet transport network that is part of
the wirel ess communi cati on system A conputer 120 is al so shown being
connect edwbaotssaacket network 118, and the wirel ess de¢iras2w083350ul d
engage in comuni cations with the conputer 120 via a path such as the one
just described. It wll be appreciated that, although not shown, other
communi cati on devices, as well as comuni cation and application servers

coul d becgpneth %doﬂenw@rb@ al@Ner @8 thela@tma{ 1180 1§ AR Wehkiwbh8t 18l iayaddi ti on,
the network 118 may conprise other equi pnent including, w thout Ilnltatlon

routers, suf, h&hﬁ&ne&hﬁﬁéﬁQﬁmﬂﬁggéhﬁﬁﬁﬁﬁmaéﬁﬁHﬁkﬁysQR&ﬁﬁ@%ﬁa%&ﬁ firewalls,

and other conponents typi cal a communi cation and transport networKk. Also

shown in C%F {egvta{ se]:uht?r é?te%)(;soa{ﬁq fﬁ\év{;a@ls S oftief oq&‘fé &?]ﬁ:}lQ)‘%’a CMhﬁlHlC%ﬁﬁ)n

connecte ess’ comuni cation systemvia'the air interface 105 to
a WFi a ﬁ% The access point is in turn connected to a router
124, whi %ﬁ&ﬁ:mﬁ8%g%ﬁé s to network 118. Although not shown for the sake of

brevity, it wll, he apasech ?tiseéjse%cgnadt 1AL a&%s“s“cFeC“ ?6'4 w%b i c':orr‘lce'éf f%let ot her
packet routing proceSS|n e afcess “devic cou so engage

t t h |

ot b Shot THEEngo Pyl 8Rm e et ars BB By bt olbra « SR Retnaul Fir TheP"s! 2
t abl i shi t t of the d 104 and
ot her dou oL @3}%%?%2&@5Wﬁ)ﬁ%ﬁi#%wilcﬁﬁhﬁnwggwgg&éﬁ%%ﬁ&g|r | “known,

and not djscussed furt here| | d be u ood that the
depi ct i orf*lBough Rt sy %’F the 58 Oifi Rt ‘%‘ﬁ Hlfre?l?fe‘?q—ﬁ‘@‘fﬁ"’é conrjegliqn qoyic 1 at i ve,
and there could be nore than one of any of them as well as other types of

ol erent s IPRIRIERSTAEC kP RO IR ST LR B BRR 1P hC PRGN %ol d not

be viewed as limting with respect to the present invention or enbodlenents
t her e§f . IFGeRRBRCAORRWH PRROMINGES APBRBREiop adPofpiaa the PRy Siiat Batle shown

communi cati on system such as the system 100 are typically inplenented as a
conbi nat il Hedigusndhe detpidnderotpagadyangdtneaihagp yr gptablishing communications between

either of the devices 102 or 104 and other devices and communication endpoints in the
network are well-known, and not discussed further herein.
It should be understood that the depiction of just one of each network element in

15  Figure 1 is illustrative, and there could be more than one of any of them, as well as other
types of elements not shown. The particular arrangement shown in Figure 1 should not be
viewed as limiting with respect to the present invention or embodiements thereof. Further,
the network components that make up a wireless communication system such as the
system 100 are typically implemented as a combination of one or more integrated and/or

20  distributed platforms, each comprising one or more computer processors, one or more forms
of computer-readable storage (e.g., disks drives, random access memory, etc.), one or more
communication interfaces for interconnection between elements and the network, and
operable to transmit and receive the communications and messages described herein, and one
or more computer software programs and related data (e.g., machine-language instructions

25  and program and user data) stored in the one or more forms of computer-readable storage and

10



distributed platforns, each conprising one or nore conmputer processors, one
or nore forns of conputer-readable storage (e.g., disks drives, random
access mewOr910/Bs%6), one or nore conmmuni cation interfa®e3/usee10/035597

i nt erconnection between el enents and the network, and operable to transmt
and recei ve the comuni cati ons and nessages described herein, and one or
nore conputer software prograns and rel ated data (e.g., machine-| anguage

i nst ruct i QRSiARGYRhOSH AT hAR. Eergﬁ)tc@s)so@waﬁ? olf¥ht hﬁlc@nﬁ Qdpshme forns of
conputer-readable storage andexecutable by thé one or nore conputer

pr ocessons,dyddfide Qlibud dfydaHiGhd SR Gprés%ﬁtﬂﬁvenﬁ&gdé%r@&ﬁ ‘ﬂl-;&reﬁls hidde various

enbodi nents of the present invention described herein. Simlarly, "a

communi Caatdoﬁl'ﬁlu‘ilf‘c\éh&ledevﬁg%ﬁc}?%ttg%‘%agé%r%@;e% s BEERS FoPau 1@)@5%%19%1 nd 104,

typically conprises a user- conponents, nlcatlon

i nterf ac%o%lgn§egg%ﬁquﬁt§&£c%r o%o QLRSS 1ctauor§‘fﬁ%trtgé‘et 2otk AEAYG:, o2 | of
y us or

whi ch na couple toget a syste er “mechani sm 1.

Di strlbuted Ant enna. Syst e Arc t res a. DAS archltecture A
net wor k 00 T A" Ur e C%Ea anr%%et :ﬁi fg‘@l a Iﬁay 1?1e (ioueleﬁ?%\gfztg%v 4 Sgsmm bu? enment ati on
of a distributed antenna systen1accord|ng to an exanple conflguratlon of a

st andar d “HEREELPIY e. By way of exanple, the DAS inplementation in this
illustration rovi din mon access i nfrastructure for two
service p‘row:!i) B\‘w@éﬂ%‘ﬁ@ %gétﬂ}‘i‘gréﬂﬁ?cgweaer 1" and "Service Provider 2").
As shown, in the network of Service Provider 1, MSC 202, is connected to a

BSC 204, whi ch in PEPARGIDARAFMMEHHre o a BTS 206 and BTS 210. The BTS 206
is atraditional BTS, having a hl? power digital radio connection 207 to
an ant enna t oReeOPIE 209 | [igue 2 jiljustratgs ?d]inélil 1P EOh AR PRI IR S es a
signal with a power of roughly 20 watts (W, and is commonly inplenented as
a coa¥i aldismis! BENNEWRCTHECETOS Shth GRAMREE CORBINEHI08 of e)ﬁa%fép%ﬁ@nﬁtufeh at

transmt the RF signal via antenna elenments at or near the top of
By way of example, the DAS implementation in this illustration is shown as providing a

common access infrastructure for two service providers (labeled “Service Provider 17 and
“Service Provider 2°). As shown, in the network of Service Provider 1, MSC 202, is
connected to a BSC 204, which in turn is connected to a BTS 206 and BTS 210. The BTS

15 206 is a traditional BTS, having a high-power digital radio connection 207 to an antenna
tower 208. In practice, a digital connection 207 carries a signal with a power of roughly 20
watts (W), and is commonly implemented as a coaxial cable between the BTS and an RF
transmission component that transmit the RE signal via antenna elements at or near the top of
the tower. The broadcast signal generally has a power level similar to that of the input (i.e.,

20  roughly 20 W).

The coverage area provided by the BTS (including the transmitting antennas) is
typically a cell or cell sectors. By way of example, the BTS 206 (in conjunction with the
antenna tower 208) is sectorized, such that it provides three sectors (labeled “Sector 1,”
“Sector 2,” and “Sector 3”). An access device then communicates on a connection via one or

25  more of the cells or sectors of a BTS in accordance with one or more of a family of CDMA
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the tower. The broadcast signal generally has a power level simlar to that
of the input (i.e., roughly 20 W. The coverage area provided by the BTS

(1 ncl udi nyotzhw/B3saAsSN tti ng antennas) is typically a celPCTars2@eloBsssect or s.
By way of exanple, the BTS 206 (in conjunction with the antenna tower 208)
is sectorized, such that it provides three sectors (labeled "Sector 1,"
"Sector 2," and "Sector 3"). An access device then conmunicates on a

connect i QRowdd. %ﬁ@&@@)ﬁﬁd&ﬁ id@@ &eh k& &rsea&cmrb% i@hiffeBlSoiAg @£ Or dance
with one or nore of a famly of CDMAprotocols. For instance, under | S- 2000,

each cel l;,Qf1y §# g&@lrdeﬂﬂf el b€ bidE Bt biffée?gqtﬁ’lﬁ%c%ddu’}ge&a% réndoRftining: Hihaue

identifier based on a bit offset within a 16-bit pseudo-random nunmber (PN).

An acces 5ArFa%¥és§ ‘aexﬁ&edp%{a'uﬂg ac%gﬁl?r{(%qb b A b2ied Q&eﬁt{%‘ﬁ 'tﬁéesﬁm§§ gﬁég ol dpy the

sanme signa romup to si sectors concurrently, ea secto el ng

| dentifig iR Be G %I%hﬂ F S0% c§o§ 'b&ﬂ 1c%ﬁt?f%rd%ggnéoh§lﬁ%rgﬁs% $fda %rcﬁlgg{ set.

The det ai suc hi cations nown | art
?LZ°2§?2§%§8{0%13€§ “Q%’gﬁegr@e%r“%ﬁss%r sp%he%PVfrEd e N R
connect i %2 207d tﬁ i.ke the BTS 206, which supplies the antenna tower 208,
the BTS Z16UPs! MORHE |nstead to a DAS head end 222 via a digital RF
connection 21% Tlh di ?CL% conn ction 211 &lhe sane t%/% of signal and
physi cal i nt ePf&ige g8t OIE&H‘E%% NMoioN %“?e(’t AP IARE PRAK suppl ying a
single transni s ont DAS head end 222 splits and distributes the
i nput  si d’ﬁ‘&fmlft?‘i ﬁ‘ét \A%gsazrqg @%?Pé‘?‘%ﬂm‘%?r& l er and renote antenna nodes
224-1, 224-2, 22 N where N is ap05|t|ve|nteger As descri be

in more det ai IUHBE? @WBTtSFr’Q%‘ﬁHﬁbWP]beﬁéhefar“{ﬁW% i, et S 1owpnecedeach of

the renote nodes 224- 1, 224-2, 224-3 224-N are nade via Iow—Fower
di gi t1&) - dptsad a9 a PAKsadend 22 vizmdigital Ry pomnection 211 pe figitleoprsstipnally. Hat ch
mar ks interrupting each of the links 221 are meant to represent the

is the same type of signal and physical interface as the connection 207. However, rather than

supplying a single transmission tower, the DAS head end 222 splits and distributes the input
signal from the BTS among several smaller and remote antenna nodes 224-1, 224-2,
224-3,...,224-N, where N is a positive integer. As describe in more detail below, the
15  connections from the DAS head end 222 to each of the remote nodes 224-1, 224-2, 224-3,...,
224-N are made via low-power digital-optical links 221-1, 221-2, 221-3,..., 221-N,
respectively. Hatch marks interrupting each of the links 221 are meant to represent the
remoteness of each node’s location with respect to the DAS head end. The remote nodes
could be distributed throughout one or more buildings, or across a residential area or small
20  down-town locale or village where a larger antenna tower is impractical and/or impermissible
according local zoning ordinances, for instance.
The combination of signals then transmitted from the remote nodes 224-1, 224-2,
224-3,...,224-N provides the same signals that would be transmitted from one or more cells
or sectors if they were connected to the BTS 210, but spread over a region according to the

25  topological arrangement of the nodes and the splitting and routing of the input signals by the
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renot eness of each node's location with respect to the DAS head end. The
renot e nodes could be distributed throughout one or nore buil dings, or
across a wonuerssisal area or small down-town | ocal e or PCTIGSQ@MBESPE a

| arger antenna tower is inpractical and/or inperm ssible according |ocal
zoni ng ordi nances, for instance. The conbination of signals then
transmtted fromthe renpte nodes 224-1, 224-2, 224-3,. .., 224-N provides

the same 15AQ9RALISnd NAL iMRLLAed BirthbARIW ) KaMalk FQENED BRI &viBL I S OT
sectors if they were connected to the BTS 210, but spread over a region

accor di nQofQcteNSial P B PBlCRknALMHBRIRTEDN nolls HRACAES 1RMSh$ R&SRY, tTing and
routing of the input signals by theDAS head end (this 1s discussed further

bel ow) . S,GRALS tﬁeeflccf‘ahééﬁ‘&eﬁ bR Gk BN @\(liact écx%g\ésﬁ?ﬁﬁtzﬁj i/ g@ sAREWRY odTOT € Of

the renote antéenna nodes are receive ead ‘en |ned t hen

transm “Sg}el%x%&'ﬁo{mﬁgfgg‘%f gT§a1?s§rﬁss1dn§‘frEmh Sﬁle %p%t%]tégzls*r@ 36(%}6 sane way as

in the traditiona ransm Ssi ons ron1 e 208 to the
BTS 2Q6). Fig ustra a sim netymog tion for
Sarvi 0% pr oy g2 A Rl 38 e Rl hb Al RF S EEPL AN B

whi ch |n urn cted to .a B BTS 220. to the BTS
206, a t rEFEe o%gﬁ@%-”@%enﬁc BadoRhscald V?ladfamrt%fa.lsocaew%%ﬁe?ﬁ?g?@&“?&eﬁér 218
via a hi ecti an t hat for th traditiona
tras thnd R syt s el AR Bl B s PTG R bl Barior n' e 1
respectlve RF transm ssion towers. As TS 220 co ects to a DAS
head end BB9MiGian QWS 6%%P@H?§W?éfsWEB%8°@§HHEEEV Aroeqthat I c@h again is
the sane type of connection as the connections 207, 211, and 217. Because
the i nt erfdtiong &lRsdhe Biha uprd2nendBA8) HehaiGelly pellocdehyite @FHB%“»PW&Vﬁe BTS 210
of Service Provider 1 and the BTS 220 of Service Provider bot h service

pr ovi lfer RICENSBHHAB VD ATiEowBHOR DAY ¢reaerteind %%%hetaﬁé%%@ dhahight he sane

renot e antenna node access infrastructure. Wiile the connections 211 and
213 are doPWehdgisd msliq gapacctien k. avikahjagain g5 B¢ sameg Lypeof connection as the

connections 207, 211, and 217. Because the interface between the BTS and DAS head is the

same for both the BTS 210 of Service Provider 1 and the BTS 220 of Service Provider 2,

both service providers can connect to the common DAS head end and thereby share the same
15 remote antenna node access infrastructure.

While the connections 211 and 213 are of the same type, each carries a signal (or
signals) that is (or are) specific to the particular service provider. For example, both service
providers could be operating according to IS-2000, but each using a different RE carrier
frequency. Alternatively or additionally, one carrier could be operating according to CDMA

20  and the other according to GSM. Other combinations of technologies and RI carriers could
be used. In addition, each carrier could have a different configuration of cell or sector
identifiers. For instance, the BTS 210 could be configured for three sectors, while the BTS
220 could be configured for a single cell. Any similarities or differences between the two
systems are incorporated into their respective signals prior to being modulated onto their

25  respective carriers by their respective BTSs (210 and 220 in this example). The DAS head
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signals) that is (or are) specific to the particular service provider. For
exanpl e, both service providers could be operating according to |IS-2000,
but each weizng/B586f f erent RF carrier frequency. Altern®CIruske10085597
additionally, one carrier could be operating according to CDVA and t he

ot her according to GSM O her conbi nations of technol ogies and RF carriers
could be used. In addition, each carrier could have a different

confi gur ahji QR¢ éf)fhts(é%h bouds t%%&&&tlde@f‘gﬁﬁlls fd @¢ §emd%@£ntéﬂa§ hems Bvhit@eBTS 210
coul d be configured for three sectors, while the BTS 220 coul d be

confi gur edn§Rf 1R vahAN 'c%n%leélégnals@a}{aﬁ}eﬁh} affuk] (8S o@putd | fhfe%éﬂ&%d&ﬂ ween the
two systens are incorporated into theit respective signals prior to being

modul at ed, ot g &ﬁg&_séé% Q%;g /Q cﬁﬁ g?esbﬁFE{}ﬁ!tnfsfrJ ﬁ%ﬁ?e%tdn}i%m%\g@% (210 and

220 in this ex jUS routes t respective

signal s téhﬁ@ ESP&%Q“@ggﬁﬁ@amgﬁ' , Which then transmt the various

carrier S|gna§é concur t he output of the antenna nodes
potentlally c techno Q rr uenci es,
and coverage gg@ Owsa%kwkﬁm:?'sec %ﬁngi UHHOHOF%'ﬁE %?%bggshoms a
bl ock d|a ntof 0 urat of t architecture
that depid e%fa.tt%t ﬁ%ﬁs Etteflﬁldgarl ﬂa)gtf 1? % heﬁff*? hESR d‘ﬁ Mdna 1t wil
be appreciate owever S|an|f|ed

onet SS SII|
endor: naPBrC Rk toR S rsgg? e vio i 8 PaDRe Rk v T gur .
certain network el emrent ve itted for th ake of brevity, and
ot her ar éCPé‘theB@éﬁ‘f”étd”ci ?f”a&( e[%U‘P%t S Lo nAYgO ,ntsiaﬁ%‘?%rk 302 of

the wireless Service Provider 1 is connected to a BTS 308 via an MSC 304
and a BSCUBHE! forihe sgpst E’E?N‘E)Y’ pagetherprairptraraiedan an sfsnde bl oAt OMESC, and
al so connected to an RF nodul e 312 via a link 311. Input fromthe BSC
conprliVses nssehapriolshgwislssspeninetievidrat ibranerstd el R vir iMeUBH4 t r unk,
such as a Tl, or the like. The input is encoded according to the partlcular
Wi rel ess 3pf 8BSERA06e Ap¢ By e dompigies pmaicadie 8 10 eanneciedstp shedp¥opad alse ng under

| S-2000, the input signals are encoded according to CDVA according
wel | k nown:onnected to an RIF module 312 via a link 311. Input from the BSC comprises baseband

signals from the network delivered on a circuit trunk, such as a T1, or the like. The input is
encoded according to the particular wireless protocol employed. For instance, for a system
15  operating under IS-2000, the input signals are encoded according to CDMA according well-
known processing methods and procedures. The encoded baseband signal is input to the RF
module, which then modulates it to an RF carrier band and amplifies it for air interface
transmission. The output of the R module is an RF digital-optical signal having a power of
order of 20 W, which then transmitted on a high-power digital-optical link 313 to a DAS
20  head end 314.
In accordance with an example embodiment, the DAS head end 314 comprises an RFF
conditioning module 316 connected to electro-optical converters 318-1, 318-2, 318-3,...,
318-N, via low-power RF links 317-1, 317-2, 317-3,..., 317-N. Each electro-optical
converter is, in turn, connected to one of several remote antenna nodes 320-1, 320-2,

25  320-3,..., 320-N via low-power fiber-optic lines 319-1, 319-2, 319-3,..., 319-N, respectively.
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processi ng nmet hods and procedures. The encoded baseband signal is input to
the RF nodul e, which then nodulates it to an RF carrier band and anplifies
it for aiwoizntee3fmee transm ssion. The output of the RFPomdsk@oiosssan RF
digital -optical signal having a power of order of 20 W which then
transmtted on a high-power digital-optical link 313 to a DAS head end 314.
I n accordance with an exanpl e enbodi nent, the DAS head end 314 conprises an

RF condi tg m chmg!ﬂtk ﬁltmuﬁgguaﬁ%% &d fiba- @u@%és%@ra;e & ©IOMEh&hs 318-1,
318-2, 318- ., 318-N, via low power RF links 317-1, 317-2, 317-3, -

317-N E@&Hot@ﬁe“s‘%fr é%ct?n%de%%caﬁ@ﬁ‘%ﬁﬁ }é%]%ec't &y (hd BAS ‘1'1E£H erfdOTHE RF%Qn&lé?orﬁ’ﬁ’ge of

several renote antenna nodes a |"ow power

fiber- Optr{l&lulel ANBFecdivds ﬂléh gc}\g%r %1t’§1i]'§pti%?l inpu t’froﬁlltge k%tw%ﬁ(s(pg fgbﬁ{ %llé/ of9ain,

hatch marks i nterruptin r-optic lines are neant to

fepres entm&rﬁ%T&%@r{dew St @i e@g{%l {bocﬂee@qg ¢ a%?eﬂlhé’f?od‘é’%l%ﬁ tﬁe e%%% ophi@ithe DAS

head end con |on|ng dul e recel ves

digital tlcal ut fr.o e . fraomone or nDre BTSs) and
B A R S et R q%m?}%t%‘“{er% e S opt | cal
converters ecific ndi tionin | emepts one or
o6t or nEnGPE REp FPfsitra g inal fﬂﬁfﬁsul&n e ey C‘F‘F?én ? ? BRI S signal
portions gach conta3%¥€ fraction. of P oY ower - @P

si gnal pdPg B POEeE h)v‘fQBP%Wf?s’fﬁég(‘}F‘erOEtlo&r}% ot r‘i‘b? épe8‘rflc OH"eore‘P%r&of “opt i cal
converter Each illustrated e ectr i cal converter 318 converts its
respecti \PZeCFHBH?Ca%F‘BH%IIt“%l cpg WSEB%FECICJ)‘%J%@EO ‘H’i“&?ltcal’lweﬁﬁrﬁ 184P0TyHEI for
transm ssion to one of the remote nodes 320 via one of the fiber optic

li nks 319csPegiive #ipyt tighal dbh todaw-pevefihgital gpticelbvienahion Famnrssiarto gps 9fdhq j nk
conprises an optical representation of the RF carrier signal to be

t r ansifi t tregop podas 820 wigopg piige fibsropac bl Shhalhfotigital-PRigcabsignal ggrigghen cal
signal received by each renote antenna node drives a | ow power radio

t ransmi t teé¢h fiker ppiec liempiites @ optirahregerratatipe of thiy RERErist fignail tofksy

transm ssion by the
transmitted by the receiving remote antenna node.

The digital-optical signal received by each remote antenna node drives a low-power
radio transmitter in the node, which then generates the R signal for transmission by the
15 antenna. The resultant transmission is the RI signal from the BTS 308 distributed across the
array of the remote node antennas 320-1, 320-2, 320-3,..., 320-N.
By way of example, the DAS head end 314 is shown to also be connected to a
network 322 of wireless Service Provider 2 and a network 326 of wireless service provider K.
Vertical ellipses between these two networks represent other possible wireless service
20  providers that could also be connected to the DAS head end. As depicted in the figure, the
network 322 is connected to the BTS 324, which in turn is connected to the DAS head
end 314 via a high-power digital-optical link 325. Similarly, the network 326 is connected to
the BTS 328, which in turn is connected to the DAS head end 314 via a high-power digital-

optical link 329. For the sake of brevity in the figure, the connections between each network
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antenna. The resultant transmssion is the RF signal fromthe BTS 308
distributed across the array of the renote node antennas 320-1, 320-2,
320- 3, ...wo2R0r/18554By way of exanpl e, the DAS head end 3PETits2&003#591 0 al so
be connected to a network 322 of wireless Service Provider 2 and a network
326 of wireless service provider K Vertical ellipses between these two
net wor ks represent other possible wireless service providers that could

al so be cARARGESE O BIRE PARWIEREh BT onA IR ©r§Hese it Jute pbdsBr €, the

network 322 is connected to the BTS 324, which in turn is connected to the

DAS head ngmgﬂtllanﬁ'c@m nlaf-ltghfapﬁ\é\?éon%irgie Hélcbﬁ)r_l%ui&?:l l'i nk _325- Simlarly, the
network 326 1s connected to the BTS 328, which in turn is connected to the

DAS head end %ill(? F)é%&?lg@orﬁ]bgbé &q}ﬂ\@éongécglloﬁ ent \%&Lﬁ%nskﬁ@lﬂg \%\%rt(&é%{?ﬁ%gs ake of

brevity in the e connecti ons en eac t he

respecti vg, BLSR €36 da% et R DRV BOPb Ak $3d LRSES 1@ "P%B&ﬁﬁ&ﬁ{l ot her
{ and ¢o its that ray conpri i i

possi bl e equi pnen nponen Se the connection. The
expl anati on e of the conngections and erations wth respect to the BTS
308 ana RERRESPRS abhouEo BB Eo ek E RS B DR BT b ERRE el T The R
conditioni ng. mdul e 316.splits. and routes each i.nput .signal according to a
cont i gur db Sty SspprreibuRiRlt: LRk SR e AR B g he
source W rel ess . servi provi der. As such ac | ectro-optical 1ink 317
comr  seSSUERIRD Y fiTsRhg e simsaeipaar R dip PP R st M a
different carrier frequency. Simlarly, the oqutput of each el ectro-optical
converteﬁ‘@@ﬁﬁﬁ??@@rgg%ﬁﬁar§B§ﬂ¥%bﬁeB%Pﬁﬁgﬁﬁgﬁﬂg?gﬂmBﬁﬁF@H?“@]gnals at the
different carrier frequencies. Each antenna node then transmts the

super posiPPBHsSF SEIETRIS AR PsREmqdRiated gatical fippadif Maditlgrpnticarigs Frequendics-

W rel ess access devices operating in the aggregate coverage area of the
renot!® ndiek antarig sadedles Esmys be pensFrosiging egRByizedy edp sdF re@rncystifones and

PDAs, and the RF air interfaces are represented by |ightning-bolt-shaped
| i nes fr dRteEere tanirelaysRceroBideyiqey Opdiuing éy the aggregate coverage area of the remote

nodes. These devices are represented by cartoons of cell phones and PDAs, and the RI air
interfaces are represented by lightning-bolt-shaped lines from the antenna nodes to the
devices.

15 In the reverse direction, RF air interface signals received at the remote nodes from
wireless access devices are relayed as digital-optical RIF signals back to the electro-optical
converters on the fiber optic links 319, where they are converted into digital-electric signals
and combined by the RIF conditioning module 316 for transport back to the BTS 308. When
more than one BTS and/or RF carrier is connected to the RF conditioning module, as in the

20  present example, the RF conditioning module may de-multiplex the combined signal
according to the RF carrier (or some other distinctive physical criteria or characteristic of the
signal), so that each BTS receives its proper combined signal from the DAS head end.

While the DAS head end can allow different service providers to share common
wireless access infrastructure, each input BTS must still incorporate an RIF module for

25  converting a baseband signal from the network to a high-power RIF-modulated passband
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In the reverse direction, RF air interface signals received at the renote
nodes from w rel ess access devices are relayed as digital-optical RF

si gnal s baokotoni3sdre el ectro-optical converters on the fiPb@mSe@vioassk7 nks
319, where they are converted into digital-electric signals and conbi ned by
the RF conditioning nodule 316 for transport back to the BTS 308. \Wen nore
than one BTS and/or RF carrier is connected to the RF conditioning nodul e,

as in th%lggﬁle%%teﬁxﬁgﬁll:%odhﬁ% RE s&andirs b@rﬁf)&ﬁnmﬂlﬁ&ud%ﬁmﬂﬁmm thé pl ex the
combi ned si gnal according to the RF carrier (or sone other distinctive

physi cal £fib Eﬁe&/ﬁa&hu@é?%l’? e b GlikiShd ‘BT‘Sf 14 f&ciRbGRMemenBRofsN Ak R‘%?arﬁ&u%-rs

receives its proper conbined signal fromthe DAS head end. Wile the DAS

head end ?dﬁnt’&"f&& ﬁlﬂgaﬁ{ £ior 5 t}{é %ﬁg@ﬁ aOB’HjeBE k{e%rcﬁe?@fﬁ) SOTPRM T el ess

access |n rastruct eac I nput stl I ncorporate an RF nodul e

for converting.p asshans s 4 ec&l{eoaghlteb%g R Bl g&%ml@t%{r

RF- nodul d passbandsi gna e1ls t e Sanme BTS
coponertyd Rt 2 455 TR s Ll OIS BRI St o1
This,  whiired %ﬁé%qr%aﬁ%anwi@ 87 by e aalﬁ?devfwﬁé}ﬁ%w%a PO S coss
e o o R T R el B BT 2
ntert ace POt PHHShoT b BRHHLEH THEETS and t he DAS head end (6.9, the

links 313, 325, and 328 in_the exanple of Figure 3). b. Renote Radi o Head
architecture R Net RemeteAagiq Head gyghitectune| | ustrates a hi gh-1evel view of an
i npl enentation of a distributed antenna system according to an exanple
confilfur at i on AdNetyoReBtiRligatsidolmates ¢ RrPplevel KRV odan IRICMORELRP Pha t he
exanple illustrated in Figure 2, the exanple RRH i npl enent ati on of the
present idiqtifgtqdaniegna systep @@orém\';ma%a@ﬂwp@ﬁgvgat@nggmmwtear@é@ dgad

(RRH) architecture. As with the example illustrated in Figure 2, the example RRH
implementation of the present illustration is also shown as providing a common access
infrastructure for Service Provider 1 and Service Provider 2, although the RRH architecture
15  could support greater or fewer than two service providers. Again, the network of Service
Provider 1 includes an MSC 402 that is connected to a BSC 404. In this example, the BSC
404 is connected to a BTS 406, which is a traditional BTS, having a high-power digital radio
connection 407 to an antenna tower 408. An RFI digital connection 407 again represents the
standard interface between the RIF module and the radio tower of the traditional BTS. For
20  purposes of illustration, the BTS 406 is shown to include three sectors, as in the
corresponding example in Figure 2.
In the RRH architecture, a baseband unit (BBU) 422 is used instead of a DAS head
end to distribute and receive signals from an array of remote antennas. The BBU 422 takes
baseband signal input directly from the BSC 404 via a baseband digital link 405, then splits

25  and routes the input baseband signal to one or more remote radio heads 424-2, 424-2,
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infrastructure for Service Provider 1 and Service Provider 2, although the
RRH architecture could support greater or fewer than two service providers.
Agai n, thwonetovssigcof Service Provider 1 includes an MSECZQBR24¢1048550%
connected to a BSC 404. In this exanple, the BSC 404 is connected to a BTS
406, which is a traditional BTS, having a high-power digital radio
connection 407 to an antenna tower 408. An RF digital connection 407 again

representgsshhe $ian9andyipher &igee opRlvean 49@@ Bh.amdike apd.y hgs ;adi o tower
of the traditional BTS. For pufposes of illustration, the BTS 406 is shown

to incl udg Ly £6iSerkal ﬁark@ﬁltérﬁphﬁgeea%ﬁ’()f tﬁé H@RQ‘ dfﬁcaﬁ’ﬁﬁﬁ@iz% drmEl @y € 2. 1N

the RRH architecture, a baseband unit (B 22 iIs used I nstead of a DAS

head end Eﬁ%%s@h%g{f %Ee%eg%geéc GSh¥E10 gé&ﬂ% rE{ QD& h %ﬁ@yT&fc%lélamt al

ant ennas. akes ase signal | nput di rect e BSC 404

via a b a%ﬁ??@ rgfng;geglﬁ(l)ne Or mjore s(.l’gi ltdnﬁtgrf%% %ih g@ ggfélﬁ]'ﬂér?ez}fﬁ r13%11 bpzﬂlm baseband

signal to one or nore rem) e ra ., 424-N via

| ow pQwe it | & nks 3- 423 .2 N. As in
Fi gur gs én&sgy %ﬁorh &eﬁéi sOplerh?g%? rﬁg tecmre mfeﬂéé%%o ? %Centaa dfilige ?%g opti cal links
423 are nme t tor re ent the.r rmtenes |on W th

f
Cespect CH Y RUUBAT ORFAIOR; B Rk »[t.weaan%fﬁwé S tﬂ%g w0, Ml
tandard jpterf t hat b fi dust ffort t
Seontor 4 eSS e e B R e T APy AL Det naf sellogs Y SOt O

architecture and oper at rticular, two standard interfaces that
have cur rERRSUFEBHIaHY {cﬁ?&ﬁu Eﬁ‘é’l’%ﬁﬁ% I pispirangd s 33?’6‘31 THiaurICY E8E CPRY )
and the Cpen Base Station Archltecture Initiative (CBSAI%. Bot h support
optical KBASRBENPOLMssahis pepseqord Mfpee qléﬁ?&ép?ffse‘f%‘ﬁéﬁ?liﬁ 6OANEYRST t s per
second (M)ps to 6 Ggabits per second (Gops), and at a power |evel of a
few nid | |%‘%t)fsaf@m}vﬂhws&mw)oﬁywaﬁﬁf:@mpﬂ%@ediﬂgjﬁa% amu%ldtql%é% ¢qukks 423 coul d

support either or both the CPRI and OBSAl protocols. However, other
i nt er f ac SupoBtcibey of beuhCIHR and &B Y dPratpeelsd dvsyemether ipREacgpEotoCols

could be used for the deploying links 423.
Each remote radio head comprises a low-power antenna 424 and a remote RIF module,
each of which provides an analogous function to the RIF module of the traditional BTS, but
15  onasmaller scale. As such, the remote RI' module takes the input baseband signal (e.g., via
either a CPRI or OBSAI interface) and modulates it to a specific carrier band frequency.
Note that even though the remote antenna transmits at lower power than a traditional BTS
radio tower/transmitter, the output of the remote RF module is nevertheless connected to the
low-power antenna via the same type of high-power digital RI link as that between the RFF
20  module of the traditional BTS and the BTS radio tower or DAS head end. Thus, the remote
RF module does not eliminate the need for high-power amplifiers and other high-power
components similar to those of the RF module of the traditional BTS.
Figure 4 depicts Service Provider 2 as having both a cellular network with a
configuration similar to that of Service Provider 1, and a native packet network 420. In this

25  case, an MSC 412 is connected to a BSC 414, which in turn is connected to a traditional BTS
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Each renote radi o head conprises a | owpower antenna 424 and a renote RF
nodul e, each of which provides an anal ogous function to the RF nodul e of

t he tradiwDanal138H6, but on a snaller scale. As such, treTSrONA3FRE7 nodul e
takes the input baseband signal (e.g., via either a CPRI or OBSAl
interface) and nodul ates it to a specific carrier band frequency. Note that
even though the renote antenna transmts at | ower power than a traditional

BTS radi 1509 81§ alsRichiREted %Jaera@lutuaﬁstnn&floﬁ G e ARBELa IREn-POKYH Byidaf
nevert hel ess connected to the | owpower antenna via the sane type of

hi gh- powgir Qingidigh 4B Ad Wit f’ﬁ% Btsh@404btﬁ& ween k E!;E‘coﬁ'fecféﬁfi'&'{h% B¥U it fadi tional
BTS and the BTS radi o tower S head end. Thus, the renpte RF nodul e

does not d?éda%iéf?ﬁaﬁdhﬂl& 6k t‘L EEQ%‘&&{J e@RH%Hh% tBhs2b ‘Lg‘ﬁ&ﬂ%nég&ﬂgsh power

conponents  sim | ar tOt SEO EOf etra ItIOI’l Fi gure
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configuration sim er vi ce ovi der , native packet

net V\Drk ZtWO SeI‘Vr(!etII‘?)IVISdeI%aSO%ha eremoerg&%h g:l(ljn yBiFgW 2 aIIlOBI‘e %614&'046 \Nhl Ch I n

turn |s connected toa traditiona fﬁ.ag Sf e 418 1S“cohnécted to a

radi o transm ssion. r 418 via a high-power digital- RF connection 417.
ph Qﬁef%%'ﬁ

As with tHhe" e BSC 414 is connected to the BBU 422 via a digital
baseband |ink 407, and t its and r t.he input bhas nd si gnal
to one or mr@?é%f‘%twro g&%gonﬁ%ﬁedaﬁ%ee% g?% aﬁ‘@ltgt%’asb% a does not
m x signal fromthe two service p ers, so that the renote radi o heads
used by t“ﬁi Whieh (uid TRt %‘b‘PK?Ffé‘éeC{WB PN mﬁr“éo%ﬁqffi}é’l“é}lﬁfs““}fxogé‘:cr‘ﬁét net wor k
420 is also connected to the BBU 422 via a digital baseband |ink 421, which
coul d repVédérdpriapanist Siheaproiqsabicadd bauredpaialy T iwork20eudd Derd ons of

| EEE 802.11, for instance. O her protocols could be used as well. The

net woik 4B Ereauicatet &) gAY Maraceet nevyAke et Bellikco A savigy ha ghaiciaps dassbitdor k, or
the like. As with the other input baseband signals, the BBUwII split and
rout e t heignalsdbe BRSepdnalitsing fate the Mppibagthand i f&l fo@mpprmore remote

radio heads 424. Again, the BBU does not mix signals from the packet network 420 with
either of the cellular signals from the BSCs 404 or 414, so that each input baseband signal is
routed to a different one or more of the remote radio heads 424.

15 More specifically, because the remote RIF module of a remote radio head converts an
input baseband signal to a particular RF carrier, the remote radio head cannot transmit a
superposition of different RF bands. Consequently, the RRH architecture does not support
mixing input baseband signals of different transport technologies or baseband signals that are
to be modulated to different RE carriers. Thus, the routing carried out by the BBU of

20  baseband signals input from the network is fixed according to the input source network. This
limitation is indicated conceptually by the notations in Figure 4 specifying the service
providers and technologies associated with each remote radio head. For example, the remote
radio heads 424-1 and 424-2 are labeled as being associated with CDMA from Service
Provider 1 only. Further, the remote radio head 424-3 is labeled as being associated with

25  WiMax from Service Provider 2 only, while the radio head 424-N is labeled as being
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radi o heads 424. Again, the BBU does not mx signals fromthe packet
network 420 with either of the cellular signals fromthe BSCs 404 or 414,
so that esohloinpsisebaseband signal is routed to a diffePemusens/08559Tor e of
the renote radi o heads 424. Mre specifically, because the renote RF nodul e
of a renmpte radi o head converts an input baseband signal to a particular RF
carrier, the renote radio head cannot transmt a superposition of different

RF bands. ass%ea%%@lrtﬁém,fmmrﬁ&mcﬁm&ﬁ§ U e AQRHiMAbnsSHRRQLL an Xi NG i Nput
baseband signals of different transport technol ogies or baseband signals

t hat aretﬁgqgglgggaé%&g%dd%éagggﬁ@ﬂt RF carriers. Thus, the routing
carried out by the baseband si gnal s i nput fronlthe network is fixed

according to E&%téhe@l%s SPIIE BiaERMAT ox @bgggféﬂg JAh Ok R L ARLERL

conceptual ly not at 1 ons I gure yi ng t e service providers

and techn t<a@¢] a&ﬁtzogﬁi c%tta‘?lg dWE%‘E‘ @%CA} tﬂeleé‘%ﬁé éé@\gtgl%b%?eaéj celi@h n&XARP! €, the

renote ra are I ng associated with
e ST LB P CHE D BT TSl oce 24,3 1
Provi SSL e %ﬁl‘% e wﬁeeaaﬁ?%ﬁ@re%%e? RCREE G A T Ve ogi o0
conf i gur 4EVGRe ST TR SRR FRbtE fa Prar alipriefY Pt rolSeSETai [s, in
s e e e e
abbrevi ated form hree service ErOV|ders are included

in Fi gurdnst a%%f%?%é@% <161?61<W rBéFeé’é%d Qi Ui)cé 1ok add oiWiMagesihiget ed to a
BSC 506 via an MSC 504. Digital baseband output signals fromthe BSC 506

are tiflen Hrowadhs filt ¢aCqaddo 4 rentgi P8I hirkt Briradecmoiqdde 4 BB  Lobekdbel ed
"Baseband Unit 1"). A network 518 of W Max Service Provider 2 is connected
to a rout®esebapl Unh'onigafigity haseleand dieréase 64l -t hedopputd 2Hipgdsandred
connection between the network 518 and the router 520 represent the possible presence of
other packet routing/processing components in the connection path. A network 526 of
Wireless Service Provider K is connected to a BSC 528, which in turn is connected to a
15  BBU 530 (labeled “Baseband Unit K) via a digital baseband interface 529. Again,
horizontal ellipses in the connection between the network 526 and the BSC 528 represent the
possible presence of other transport elements in the connection path.
The configuration depicted of the three service providers in Figure 5 illustrates the
limitations of the RRH architecture with respect to combining signals and transport
20  technologies within a common access infrastructure. In particular, the single baseband
unit 422 in Figure 4 is now shown in Figure 5 to be three separate BBUs 508, 522, and 530.
Each BBU includes elements for splitting and routing the input digital baseband signal to
dedicated remote radio heads. More specifically, the BBU 508 includes a switch 510 that

splits or switches the input signal according to a fixed routing configuration. By way of

25  example, the switch 510 is connected to two output paths, one to Sector PN-1 of Service
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"Baseband Unit 2") via a digital baseband interface 521. The hori zontal
ellipses in the connection between the network 518 and the router 520
repr esentwohelmpiessibbl e presence of ot her packet routi ngPPTASREILI0BTFI7
conponents in the connection path. A network 526 of Wrel ess Service
Provider Kis connected to a BSC 528, which in turn is connected to a BBU
530 (Il abel ed "Baseband Unit K') via a digital baseband interface 529.

Agai n, hagihz@ntalndghd bRSES sédaortﬁixez 6P8RGEL PRRidBET w&iﬂ he RePMOFkn®26 and
the BSC 528 represent the possible presence of other transport elenents in

the connegtlgpnpat e idARHARNEBAUGARL gﬁ‘?}gé%@ bEhE PreQint Hﬁ&s&@ﬁ &Rd A& Vi ce

providers in Figure 5 illustrates th imtations of RRH architecture

wth reshgch iy ARGl 98AReAN L BBAGI ﬂ&ﬁ‘ﬁl@%ﬁ SSpMeLipan a

conmmon access rastructure. In particula e single ase unit 422

in Figur eaéﬂff rg%%%yvcl nll?éll\%gés g'le%: ggn}ég;]l?szs ]gﬁcpeagl“? ntt A 8is TR f%e% gggﬁﬁ?&l@ 522,

and 530 sp I't |ng an rou I 'ng e |nput

di gi t basgtg?‘acﬁ ag@% lo F%?' %_S%(t-b(i d re\qgtﬁl Peroghc 1191??6%511 or'\%bc) SpeCI fically,

t he B es a sw rsw he”i nput signal

di t f t h tch
S R T LSBT Byl 2
1, and the oth r toRf§> or PN-2 of Service Provider 1 (wherein "Sector
PN-1 " and°disy! @Fmﬁ er%ﬁ%@Fﬁ%HFWFylng | abel s for the purposes of the

present dISCU , %ﬂﬁ ssari.l %jcatlve of actual PN offsets).
Each out put pi@ﬁg?sfﬂ?ﬂ‘i*ﬁflﬂ‘é PEIERCS; asgwé%% ﬁ%‘g OB U G By WAl G ?aéﬁl
interface 512-1 or 512-2, and each interface is then connected a different
renot e radfo: WBiSH isgheL Cfnﬁffcteéf% 2 ﬁem%@s@é{eﬁ%ﬁ 63 vigiadibgr qntipdipk g7 €04 i nk
509-1 or 509-2, resEFstlvely a different renote RF nodul e 514-1 and
514- 20 E4BROR BROVEIURES ol iesrdy, e diTBAD ELinlsdosievgrh £ RN inee i BUio heads.
The baseband unit 522 includes a switch 524 that routes output to an
optical 2Rt oerleos B-Nywhigthisitkenicpaecied ineemes rrdo feadertpt/evip adiiber head
516-3 via a fiber optic link 509-3 to a
optic link 509-N to a remote RF module 514-N. The remote RF module 514-3 is dedicated to
the RRH 516-3, while the remote RIF module 514-N is dedicated to the RRH 516-N. The
depiction of just a single optical interface and corresponding digital-optical link in each of the
15  BBUSs 522 and 530 is for purposes of illustration only. In practice each BBU might support
up to a particular number (e.g., 16 or 24) of remote radio heads.
As in Figure 4, the fiber optic links 509 could support CPRI or OBSALI as well as
possibly other standard protocols for an open BTS architecture. For example, the BBU 508
might support CPRI, while the other two BBUs might support OBSAIL Other arrangements
20  are possible as well. In practice, each separate BBU could be a distinct, self-contained piece
of equipment installed in a rack with the other BBUs. Thus, a certain degree of common
access infrastructure might be achieved by configuring several single-unit BBUs in a

common rack at a single location. However, each single-unit BBU would serve a dedicated

array of remote radio heads, such that there would be no concurrent sharing of the array
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renmote RF nodul e 514-3. Simlarly, the BBU 530 includes a switch 532 that
routes output to an optical interface 512-N, which is then connected to a
renote r awootveass4616- N via a fiber optic |ink 509-N toPaTrisSewva33Rp7 nodul e
514-N. The renote RF nodule 514-3 is dedicated to the RRH 516-3, while the
renmote RF nodul e 514-N is dedicated to the RRH 516-N. The depiction of just
a single optical interface and corresponding digital-optical link in each

of the Ba%nga%fe%@séa& hrovifiQs, d?ﬂf'ér&ﬁ%@c%s&facﬂnbiogélé Eea§ iepvangm, wivpikact i ce
each BBU m ght support up to a particular nunbér (e.g., 16 or 24) of renote
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fraction of the total cost of a
2. Flexible DAS
Various embodiments of the present system provide one or more implementations of a
flexible DAS head end that incorporates advantageous aspects of both the standard DAS
15  architecture and of the RRH architecture, while at the same time overcoming limitations of
each type of architecture, as well as of the cost and complexity of implementing both
approaches simultaneously. For purposes of illustration and convenience in discussion,
embodiments of a flexible DAS head end are described below first in terms of an apparatus
and subsequently in terms of a method. It will be appreciated from the following discussion
20  that the method largely provides an operational representation of the apparatus.
a. Apparatus
Figure 6 depicts an example embodiment of a flexible DAS head end apparatus that
advantageously provides a true, common wireless access infrastructure that can be shared

concurrently among multiple service providers, multiple transport technologies, multiple RF

25  carriers, and multiple network-side interface protocols. The particular number and types of
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renmote radio head. In addition, since each RRH includes (or requires) a
renote RF nodule, the total cost of renpte RF nodules scales with the
nunber ofwoenmiess4adi o heads depl oyed. 2. Fl exi bl e DAS Yeamiusas008350Ti ment s
of the present system provide one or nore inplenentations of a flexible DAS
head end that incorporates advantageous aspects of both the standard DAS
architecture and of the RRH architecture, while at the sanme tine overcom ng

limtati Qpsi@fhr&akh dMRR lﬁhwara@ Ridr@Glatb Eof ré%oﬁé@htlenﬁsnoﬁés dhb&n GPSEuRRd
conpl exity of i npl ementing both approaches sinultaneously. For purposes of

L1 ustrathOfcAad 6 AMERE ﬁfé%ﬁarhﬁle OhBEHR S Ohd sBOROHI TR e e@hs ﬁmftmﬁ’édulﬂl e DAS

head end are described below first in terms of an apparatus and

subseque %Jg)!ct'té‘th%_ FellEnt ﬁfveﬁu Q&%}dn&%tﬂﬂ&eop CASRRE Fif P%ln%& §dnd 5 QEKLRE

follown I scussion that t argely provi dés an operatlona

repr ese”tnt%Mo el%in%tgﬁ%vl%é%@%;@%ﬁg% Iy Fgg%ii’eaé Potfﬂfe sﬁkegﬁrb?evﬁéda%ﬁ' Lf 0 exanpl e

enbodi ne apparatus t Vantageous y
proviges r&k%%dulon%ﬁevaﬂ?less access infrastructure that can be shared
concur’r entl 1 e service providers, nultiple transport
technologles nult

|ers net interface
protocols. Thé % 6 i B TS pe R et el B R P S kP ha ¢ he
parti cul n. of .reno re 6 are
ot ended g WIEHS: Sl E BRbodr e S enBurdir FotbBEy; owed as
limting with respect to th present inventiopn.or enbodiments thereof
with Fi gd’F@@al?HéPﬁg"‘ betweeg Wizg ‘é ﬁ%TtVWB R‘)Vé%é?réﬂ ‘é\’lwéi‘/ erES’é&ﬁr‘Hfff {{ébde‘fart%m
Figure 6 for the sake of brevit and others_are represented in an
abbr evi atPeitly Piher @W@iﬁpéo%d%ﬁ@ﬁ@h%ﬁ%e epnpendexipleciaA ﬂ@(ﬁ?%‘ge Wthel ess
Service Provider 1, Wreless Service Provider 2, Wreless Service Provider

3, and WenssplsderipyRenprigying petrork (e ob Wirelest P4reiss Penvidepkis SOMSEBER: W r el ess

Service Provider 3 and W Max Service Provider K indicate
flexible DAS head end 606 by way of a BTS 604 and an interface 605 between the BTS and

the flexible DAS head end. Similarly, a network 616 of Wireless Service Provider 2 is
connected to the flexible DAS head end 606 by way of a BTS 618 and an interface 619
between the BTS and the flexible DAS head end. Each of the interfaces 605 and 619

15  represent a high-power digital-RI' connection such as those discussed above (e.g., link 217 in
Figure 2). The vertical ellipses below the BTS 618 and the link 619 represent other possible
cellular network connections between the network 616 and the flexible DAS head end. The
horizontal ellipses between each of the networks and their respective BT'Ss again represent
other possible transport elements in the connection path.

20 Continuing with the description of Figure 6, a network 620 of Wireless Service
Provider 3 is connected to the flexible DAS head end 606 by way of a baseband unit 622 and
three fiber optic links 623, 625, and 627 between the BBU and the flexible DAS head end.
While the baseband unit 622 is depicted as a single block in Figure 6, in practice it will
comprise elements similar to those of the BBUs 508, 522, and 530 in Figure 5, for example.

25  TDurther, the configuration of three fiber optic links between the BBU 622 and the flexible
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possi bly other service providers that share the comon fl exi bl e DAS
infrastructure. In the exanple depl oynent shown, a network 602 of Wrel ess
Servi ce Rvowhoer3ssei s connected to a flexi ble DAS head enu/use@obysseay of a
BTS 604 and an interface 605 between the BTS and the flexible DAS head end.
Simlarly, a network 616 of Wreless Service Provider 2 is connected to the
fl exi ble DAS head end 606 by way of a BTS 618 and an interface 619 between

the BTS ahds hdxa chd 6od éehes RAR é?ﬁﬁ leeMd-mdr@ 6 e Rbr doRfectiBh&oliRGR%&O5 and 619

represent a high-power digital- connection such as those di scussed above
(e 9., ligikigd/a hddwbik @0k f Winax §@rvﬂé§[>$dvﬁ1%} k¥ donR&ESI b Ble W iblien BI Bef118 and

the link 619 represent ot her possible cel ular net wor kK connecti ons between

the net WQ%BH 6@61@' @%gofta%sgbla (NHH 6??%@ Elﬂ:ef’i‘&r % 1&@%@%&)&:@1@% %lBIFMdltlpeses

bet ween each o netmor S resp ctlve S agal n represent

ot her posel il kL ANBAGAL A E%E’Igé‘faﬁd&% 556RANRE5LOM AL LRALTANIDO Wi th

the description o gure networ ervi ce rOV|der 3

i's connected.to the I Xi b ead end 60 unit 622
o Chr ederttiPoraleld i Bk BER 0530 RGBS bﬁtemwéﬁoﬁt‘ﬁ BB he
flexible S Wi | e ba uni t icted as a S|ngle
bl ook i 1 OB 933%0111%@35?5%&1”%@?% v@??gﬁgﬁﬁ?%%ﬁ%ﬁ S RuRilT 9% 5 Those
of the BBUs nd 530 in Fi t he

Sont 1 gur ek s PR pst b A e Rt Rt R e U5na 1 e

f1 exi bl eDAS head end 836 serves as an exanple, and nore or fewer
connect i SACEBIUIFT BRSSPSR, a network 624 of W Max Service
Provider K is connected to the flexible DAS head end 606 by way of a
baseband unit! %%@mgﬁﬁﬁdH%”WFﬁer%EWP%h@¥ﬁkm%§9“B@§Vﬁ%Hmﬁﬁ%yﬁﬁu and the

fl exi bl e DAS head end. Again, the BBU 626 is depicted w thout any internal
det aills, camritchen &&spadifigingnodileaifyrtorl fasy-pewerikl mpdnles@dd-1; 610-4st  an
exanpl e. The fiber optic links 623, 625 627, and 629 could each support

CPRI or OBSA..(&d H6ré a@flﬁeﬁo@?J&ﬁaa@mwﬁlr@pmr%12chwé@ Y é3: el.Bhpses in the

connection path between the networks and the respective BBUs
612-N. The low-power RIF modules 610 are connected to the RIF conditioning module by

low-power digital-RE links 609-1, 609-2, 609-3,..., and 609-M, respectively. Also as shown,
the RI¥ conditioning module 608 is connected to the electro-optical converters 612 via low-
15  power RF links 611-1, 611-2, 611-3, ..., and 611-N. The various vertical ellipses in the
flexible DAS head end represent possibly additional elements of the type spanned by the
ellipses.
The RF conditioning module 608 functions similarly to that in the standard DAS head
end shown in Figure 3, except that the RF conditioning module 608 has additional
20  connections to the low-power RIF modules 610. Thus, in addition to being connected to high-
power digital-RE lines 605 and 619, the RIF conditioning module 608 receives lower-power
digital RF signals from the low-power RIF modules via the low-power digital-RE links 609.
The RF conditioning module splits and routes the aggregate inputs from both the BTSs and
the low-power RF modules to the array of remote antenna nodes 614-1, 614-2, 614-3,...,

25 614-N in a manner similar to that described in connection with the standard DAS shown in
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represent other possible transport elenents. In accordance wth an exanple
enbodi nent, the flexible DAS head end 606 conprises an RF conditi oning
nodul e 6080 20p/13654 | ow power RF nodul es 610-1, 610-2, @TLOAB2010/03559and
610-M and up to N electro-optical converters 612-1, 612-2, 612-3, . . .,
and 612-N. The | ow power RF nodul es 610 are connected to the RF

condi ti oning nodul e by | ow power digital-RF |inks 609-1, 609-2, 609-3,. ..,

and 609- Mo &5 Peklsl %8hok-pANSRIATKS BOIWD, 615 D6 HE3, COQQHBlPN'aF@coHO&Eéh% 608 s
connect ed %o the el ectro opti cal converters 612 via | owpower RF I|nks

611-1, 6 tﬂe’]'e'lgotro%aca’:)! converters 6123d0§- [p% tlzm%lé{éj L h& Ellrfghl gl lipses in
t he erX| bl e DAS head end represen pos bly addi tional elenents of the

type Spafl[gt%s?%ha%o% dt&%gﬁocf'ghe RF condl tioni ng nodul e 608 functions

simlarly in the standard DAS head end shown in Figure 3, except

that the RF C%@Q % lg%gt J@ga‘f-o&lc%?ﬁ%%%sf{&gﬂ{etérﬁg%!e pE ARG ?Ig)gopn%t oL he

| ow power ion el ng connec hi ghpower
digital nes 05ad61 ditionin d 3 es

| ower %pO\%e:Frca gl eq?“’ﬁ&‘“% F‘éﬁ?ﬁ?d %qu%ﬁgf%“%q W %%lr Ggg e e @s %Af\sch ?Ym

| ow power i.tal 609. Th nd| |on splits and
routes K8 5338%%%?%“8:%%5% PRGBS Bher Rl henes f8b\21£%&gnﬁc modul es
to the arra n nodes 6 . , 614-Nin a
rmnner o 4 1SS Fibe BRLET MRetor wompaiwii Wit EnaT igirar 4 DAS shown
inFigure 3. Thus, the | ow power RF I|nks 611-1, 611-2, 611-3,..., and 611-N
are co nvé‘r“{eé’éﬁst?}“ t"“i‘fbtmé’ls@éiefl 82 G5HTTeSRECYE A é‘}t‘fréﬁcﬁs g Foreless fss 66‘(/}%?3
optical-digital signals that carry the RF signals to the renpte antenna
nodes. BEPSHERS AR onpraee drafaliaed Bpihr edpy- séPsgqﬂréﬁ"ét thedlsxibled BBlradicad nodul at ed
to appropriate RF carriers before being supplied to the RF conditioning
modul 1 6aghicye ghertireadey rengspnEvaiedlLYEH FaRpor bRl Y LRIB RE cagiers for

concurrently apply the splitting, mxing, and routing to signals
multiple service providers, all on a commonly-shared access infrastructure. Moreover, the

flexible DAS head end uses low-power RIF modules to convert the baseband signals from
BBUs to RIF passband signals, thereby eliminating the need for the costly remote RIF modules
of the RRH architecture. Further, while inclusion of the low-power RF modules in the

15  flexible DAS head end makes it generally more expensive to construct than the standard DAS
head end, the low-power RIF modules can typically be acquired or built at a fraction of the
cost of the remote RF modules of the RRH solution. Thus, taking into account the increased
versatility of the flexible DAS head and especially its ability to be truly shared among service
providers, the flexible DAS head end is ultimately a lower-cost solution than either the

20  standard DAS architecture or the RRH architecture.

In the reverse direction, from the wireless access devices to the network, signals

received at the RIF conditioning module are de-multiplexed to the appropriate destinations in
much the same manner as either of the standard DAS head end or the BBUs in the RRH

architecture.
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fromthe BTSs and the BBUs. The signals are then supplied to the array of
renote antennas 614 and transmtted on their respective air interfaces to
Wi r el ess wocesw138k6i ces operating in the coverage area @efiusedobyssvhe
array. As a result, the flexible DAS head end achi eves the broadest range
of versatility of transport technologies on multiple RF carriers for
multiple service providers, all on a conmmonly-shared access infrastructure.

Moreover, thehi RricBA&SMR HEREE QR HRER IRV ROWEII Rl HPHM &S tO convert
the baseband signals fromBBUs to RF passband signals, thereby elimnating

the need i QfenfehEd ﬁPaS\'%ah)étyro? BRLE oREw IR %&'_yﬁ? 18%1s R ?opﬁBl‘*baf%ﬁ Bf Lkhitl@ng Fur t her,

while inclusion of the I'ow power nodulfes 1n the flexible DAS"head end

makes it r?uﬁﬂl%rff'i‘ﬂc'u}ﬂn%@. e[n%%f?lg@é’fo‘fﬁ &QR‘%%ﬁlﬁ Tﬁég hb@ie Ly gl a?z%ﬂ?elr ado DAS head

end, the [owpower can typica acquire t at a

f ti . Thus,
t ;Ef nlgoln n? %t lg%g%{}%?él%ageﬁénqngg égg@ vlggr:sn g’? %un?o%r oﬁm%ﬁiapﬁ%l‘\x %Id% 2\2 heagsand
espeC|aIIé%|ts abltlCula to be.tru

der h
f1 exibl e PP D 31%1aluﬁtotrt10ns on ar%(:lﬁ?r \A%%Emfégt{lcﬁr C(?ll r?q#hng % hter et he

0
standard DAS archl ect ectu gverse

di pect | oriOF FGEHS T S@E@mg8&%%%“&89%%&%O?f?%f%@flwié{ S gral s

recei ved atlthe RF condlfl % ngpu e are de-mul ti.plexed EP th

appr opr i aUBICHERES HuLs YRele (ﬁgwﬁ Ve e S SRR 18 NP oqmptuﬁe st andar d
DAS head end or the BBUs in the RRH architecture. The RF conditioning nmodule
608 in t FEPOPRYFHran ‘head end 606 may be inplemented in a variety of
ways, and mnth varying | evel s of sophistication of smntchlng and routing
functionality: ‘Pﬂﬁéo@PWﬁﬁgnvgﬂﬁﬂUfﬁ%ﬂﬁpn@éﬁﬂﬁPkﬁﬁWﬁBeHﬂﬁﬁp “ilEd be
arran%Fd to split incomng signals fromBTSs and BBUs into a nunber of

si gnall pdratitphisinPunhnd MEN B EPPE o comesipdiscandingitgyp desitsd Fautins el igpat
particular digital-electrical links 611 according to a static

conf i gur dtl vBgnalstheengs¢ antennagodasd The eeicel dssiprpipysh & MeHIXCeRRibg siatar sns coul d
be

that of a switching fabric used in a circuit-switched network, for example. Configuring such
a matrix could comprise a semi-static provisioning of inputs to outputs, or even encompass
dynamic functionality for purposes of load balancing. For instance, by monitoring the traffic
15  load (e.g., the number of wireless access devices) on each antenna node, the RF conditioning
matrix could periodically or continually adjust the amount of transmission power delivered to
the antenna nodes on their respective digital-optical links 613.
In an alternative embodiment of the flexible DAS head end, an increased degree of
sophistication can be introduced into load balancing and other dynamic adjustments of
20  switching and routing through the addition of a smart antenna interface. An example of such
an alternative embodiment is shown in an apparatus in Figure 7. The flexible DAS head end
704 in this figure is largely identical to that in Figure 6 except for the inclusion of a smart
antenna interface 706 that is connected to a REF conditioning module 708 by way of a control
line 707. In addition, the smart antenna interface is connected to each network input source

25 (BTS and/or BBU), as explained below. For convenience in comparing Figures 6 and 7, like

26



i npl enented using sinple (e.g., passive) splitters and conbiners with

i nputs and out puts appropriately connected. A nore conplex formof the RF
condi ti orwogomsdsi4e coul d be inplenented as a matrix of PCHSse&L0ABTHIDUL put S
t hat coul d be connected according to a desired routing of input RF signals
to renote antenna nodes. The |ogical design of such a matrix could be
simlar to that of a swtching fabric used in a circuit-sw tched network,

for exambfipofdaRfih Sniveed SHENiKR nIRbEL Xx&PUIHA QR TN BeSE R, 164-BéW& _
provi sioning of inputs to outputs, or even enconpass dynamc functionality

for purpqgesio@lie b RRHINIALRO6 O%spbifds 1d BILARCERFWYodIRA1H%ih PRutnS, HEaf i c

| oad (e.g., the nunber of w reless access devices) on each antenna node,

the RF C%fi‘ﬂfp&ﬁe‘ﬁ{liiﬁ'ﬁigﬁ%tf th a6 etlgzlqgl%[dggﬁgtcgg% Yl &, tﬁ@ﬁi&éu@s‘fﬂ-l difndd] ust the

anount of transm ssion power er e antenna nodes on their

respectiv aital -opti s In an alternative enbodi nent of the
flexiblecﬁg%bggggigh Phéﬁgwﬁ% é%ggéﬁ%egree of sophistication can be

i ntroduced into.load bal anci ng.and ot her dynam.c adjustpent.s of, switching
anol rout ing 45 Saae A EEl PR Ra el AT AL ERILE, Bl B el €
of such | t tive enbodi ment i.s shown in an apparatys,in Figure 7. The
Flexi bl o TOAS of ERESairao gl b Pheenifg ranion s iy B ERIT P8t hat | n
Figure 6 exc for hge inclusjion of a snmart antenna.interf 706 that is
connect ed TEGHETEERE BITS T05RI0 ABaameBE by R brnie SR iR 707, 10
addition,_ the smart ant a interface js conne b d to_each ne’mork i nput
sour ce (§¥§b§H@g§Pa§§ﬂ??&£§agﬁ%ﬂ§3ﬁb gﬁ%ﬂﬁﬁwﬂﬁg gﬁﬁHUgHF§W8€@3h}ﬁﬁhparing
Figures 6 and 7, |likecaonponents in are |abeled with |ike nunbers, except
for the I288'y2 BbER if eongecte] tgghefiheqndiening sppdalegiagiber ppiicdinks/ 9. 6
corresponds to | ow power RF nodule 710-1 in Fkgure 7). For conmponents in
Fi gurld 7 Zhandd2d wble adHf 72 injcgnngrisd insthe B sendijpningyaodilesyig d SPeiPPEE t he
corresponding conponents in Figure 6 apply. In Figure 7, individual service
provi der dinkr'éS-ofgchtder gne link souddkeaipfsuppasiipieyfaces aempligny with CPRI or

OBSAI (or some other similar protocol).

The smart antenna interface 706 has a control connection 727 to the BTS 702 (the
connection shown as a dashed line with arrows at both ends). Signals on this connection
15  allow the smart antenna interface to send traffic and load information regarding the remote

antenna nodes to the BTS. The BTS can then adjust transmission power to its various

sectors, which in turn affect how power is distributed to the remote nodes. A control line 729

supports the same function between the smart antenna interface 706 and the BTS 716.

Similarly, control lines 731 and 733 support this function for the BBUs 718 and 720,

20  respectively.
In addition to allowing the network signal source (BTS and/or BBU) adjust power to
sectors or other forms of coverage areas, the smart antenna interface can be arranged to take
input control commands that cause it to adjust load balancing by the RF conditioning module

via the control line 707. The ability of make such dynamic adjustments are supported by a

25  dynamically adjustable R conditioning matrix.
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BTSs or BBUs are shown, each representing a connection to a service
provider's network. Specifically, the BTSs 702 and 716 are connected to the
RF condi twonorgi3ssadul e 708 of the flexible DAS head endPCOAIS2I18/0BISgN- power
digital-RF links 705 and 717, respectively. Also as shown, a BBU 718 is
connected to the RF conditioning nodule via fiber optic links 719, 721, and
723, while a BBU 720 in connected to the RF conditioning nodule via a fiber

optic link 72%.yiEa¢hpfitb8td @Rt thCethbdMm&RUb Ghe ASMIODASURRPEL i Elhaces
conpliant with CPRI or OBSAI (or sone other simlar protocol). The smart

ant enna gLl R B8in185ur& AL Qh ik RIABSGE Ahpbadhid @ alififoBb:/RE (t he

connection shown as a dashed line wwth arrows at both ends). Signals on

this conngggilGin L&Hé,ﬁﬁx‘ﬁpéxﬂ@rrﬁli ADGAANAed U tif:ﬁ%@n&e&g%%{#;g s%ﬁ%ﬁé&%and | oad

information regatding the renote antehna nodes to t can then

djust tr. .S i j j i n.qt ffect h
oy i & PATRRCORPRIEL, Bk Bl AT IREIRTRe otBbE B Dy Bot PO
sane %uncti n bet ween t he @g&rt ant enna inte&%&ce 706 %ﬂﬂ- e BE%n516-

Similarly e Fo YT HRe s nd 733" SUpport thi 8 function for the BBUs 718

and 720, respectjvely. In addition to allow t he network signal source
CBTs ana i BRC U it B aREfit Pl BOnhe B S fR RS cns.
the smart antenna interface can be arranged to take i nput. control commands
A e S T e L S
the control line 707. T ability of nmake such dynam c adjustnents are
suppor t ed® B%Prﬁela?fﬂ%oﬁlélrég%lna%%%%éﬁ? @gﬁﬁ%éb‘h Pie hf“wgonﬁﬁf ¥ 1t will be
appreci ated that the enmbodi nents of the flexible DAS head end ill ustrated
by way Of°CBRBHFAEVS; Cﬁmﬁca?ﬂsé@"@e‘éﬂ’& Ope BLROTE REQCHHES 3P 8‘ihercc(9f?§8‘i*Fé‘Fﬁt§ thepy
addition to the RF conditioning nodul | ow- power RF nodul es,

el ectllo- J}S’f‘ibéedPAEB?ﬂ?‘étnflés§?Pf%§ﬁ’éfe%%'?"fseé§f‘nﬁéﬁﬁ'afei6rﬂnéPFSa@@ igiigslsssed above. In

particular, each could include one or nore general -purpose
Moreover, it would be understood by one of skill in the art how to integrate the elements and

components illustrated by way of example in Figures 6 and 7 (with other possible
components) to implement an embodiment of a flexible DAS head end.
More generally, an embodiment of a flexible DAS head end could be implemented as
15  acombination of one or more integrated and/or distributed computing platforms, each
comprising one or more general-purpose and/or special-purpose computer processors, one or
more forms of computer-readable storage (e.g., disks drives, random access memory, etc.),
one or more communication interfaces for interconnection between elements and the
network, and operable to transmit and receive the communications and messages described
20  herein, and one or more forms of machine logic executable by the one or more computer
processors to carry out the functions, steps, and procedures of the various embodiments of the
present invention described herein. It will further be appreciated that the machine logic could
take the form of computer software programs and related data (e.g., machine-language

instructions and program and user data) stored in the one or more forms of computer-readable
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and/ or speci al - purpose conputer processors, as represented by processor 630
in Figure 6 and processor 734 in Figure 7; machine | ogic executable by the
one or nOWe 20mEBsi4er processors to carry out the functi @a%/USstep3ssoand
procedures of the various enbodi nents described herein, as represented by

|l ogic 632 in Figure 6 and logic 736 in Figure 7; and one or nore

communi cative connections between the one or nore processors and other
conponents&r%fe hdiexilcary Bben BASghead aRNE; nAdw £ BERE fdgﬁ@ ArPYarbitsyi B34 in
Figure 6 and bus 8 i'n Figure 7. Mreover, it would be understood by one
of skill JhD bfiGin@ch dewst 0 integrate the el enments and conponents
illustrated by way of exanple in Figures 6 and 7 (wth other possible

component ) |l TP TS R SRR R Aluty LR Rt e spdy bere
a conbi ”%Eg'ngl;bgﬁéce(s:s%%gﬁ%{tal@El?al(%g”c%)?%r%}se%cﬁa’ﬁgfogﬁq % S CLRYES a%? TP4t &g

pl at f or ns, sing on nor é gener rpose and/ o

speci al - pyr OC%%ELC@EB L oSSRt R e i@ RIP o SRIEL fh%fgaﬁ sQhagonput er - readabl e
storage (e.g., disks drives, " random access né%nrf? e c.?, one or nore
communi cati on inte&&ag s for interconnection between el enents and the

net wor k, and Bpera o transmt and receive the conmuni cations and
messages descr,i bed HFre'n. and .one or re for of . chne | ogi ¢
execut abl e by PHE“BRE PR Lambide Breauiedeor BRI G grfine
functions, steps, and procedures of the various enbodi nents of the present
inventioﬁﬂﬂﬁg@gpﬁgﬁﬂﬁ@ﬁg? owe MVWE?9¥% tReray %ﬁﬁ?@c@%ﬂEH“¥ PRt machi ne
| ogic could take the form of conputer software prograns and rel ated data
(e.g., meCHdReIPplpgenighandcaried ops Ryrithenny bAN O Memeaifrle deuble R Slead £pd ed i n
the one or nore forns of conputer-readabl estorage (not explicitly shown in
Fi gur'®s ereaigtusey demelediRdiguesds®y 4 ogic, firmware | ogic, or any conbination
thereof. The flexible DAS head end coul d al so include one or nore signal
anmplifiers, didgperPO% kgl copdisioriag srodule ggcgivessd resrecaysanpy et t er s, and
analog to digital converters, any or all of

physical signal via each of one or more of a plurality of first physical interfaces associated

with the RF conditioning module. Referring back to Figures 6 and 7, the first physical

interfaces correspond to the points of connection at the RF conditioning module of high-

15  power digital-RTI links 605, 619 (Figure 6) and 705, 717 (Figure 7) from BTSs in wireless

service provider networks. The first physical interfaces also correspond to the points of

connection at the RIF conditioning module of the low-power digital-RE links 609-1, 609-2,

609-3,..., and 609-M (Figure 6) and low-power digital-RF links 709-1, 709-2, 709-3,..., and

709-M (Figure 7) from the respective low-power RIY modules shown in the figures. More

20  generally, at least one of the plurality of first physical interfaces is taken to be configured to
receive an input digital RI physical signal from a BTS device in a wireless service provider
network that operates according to a CDMA family of protocols. In practice, the digital RF

physical signal will be a passband signal; i.e., a signal that has been modulated to a particular

RF carrier frequency (passband).
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whi ch coul d operate on and/or process electrical, RF, or optical physical
signals. b. Method An exanpl e enbodi nent of a method of operation of a

fl exi bl e WASotweaas4end is illustrated in the formof a flPomaisasm/8359Fi gur e
8. By way of exanple, the illustrated nethod could be inplenented and
carried out by either or both of the exanple flexible DAS head end

appar atuses depicted in Figures 6 and 7. At step 802, the RF conditioning

nodul e recei vag s@p ke RRALT MRdiiBRME ik ks EéFhpé&xﬁvb&pelspe%hwﬁ{m\a&g@mﬁach of
one or nore of a plurality of first physical interfaces associated with the

RF condi tRPQI%'He v 81 TRAM iffo aREHELHVE RIMPAK abRickib HhAS Ko thidring 08 %dréssé

physi cal rfaces correspond to the points of conhection at t

dit 6 d
705, 717 L7 e el he Piash PRV h Sl e b 1584 Bl BER C%E% K% rhe
first phygig ecﬂea?toea{n %@gﬁeﬁel@? %Pen ?Ec%%lh? 151 SR Ezntﬁ‘f {?lfpl ction at

the RF conditioning no omfpomer Ital- |nk - 1, 609-2,

609- 3, and 609- ur e i RE .| i ks 70
700, 2 7ggmafiifl PR LY &3653 ki u“i)hgn Rl el o
nDduIes sh wn. i n

east .one h I raI t
of T ot Dt e %O%elggm% gwf@ﬁ%el?fpﬁsae%&%cmv%fff%e&twe SpgisGEREn | put”
di gi tal hysi c m.a BTS ice in Ss_service provider
networ k tPE§$ S ind JeB of ) £ A e i Qle&rlm%?foﬁaatsw "OF pr act | ce,
the digital RFE ph | | 1 ssban a signa
t hat Lg; beenAﬁgﬁﬁggfgﬁ gﬁgﬁﬁﬁkggﬁgch QﬂyméPﬁT8@ﬁﬁ@ﬁé§n@bassb;gd) At
step 804, the RF conditioning nodule splits each received respective input
digital Rﬁﬂﬁﬁ§§@€épm§$5ﬁ§PfWﬁPﬁP%mW%gﬁB@¥P@@HWﬁﬁﬁ§%n%?mHUﬁFF%gpgfS|gnals
Again referring to Figures 6 and 7, the flexible DAS head end apparatus 606
(Fi guile @YPeEPOSTHDA R(FFﬁil%j@l’SeIW?)CCP@a%rY‘flihgjhf‘r Sgmpls ebodigisRk reaymber An array or

renote antenna nodes (614 in Figure 6 and 714 in Figure 7)
superposition R signals will equal the number of antenna nodes, and each superposition RV

signal will include one duplicate signal from each of the split input digital R physical
signals. As such, each superposition RI signal will include a number of superposition signal
elements equal to the number of input digital RF physical signals. For example, if there are
15  five input digital RL physical signals and 10 antenna nodes, each of the five input digital RFF
physical signals will be split into 10 duplicate signals, and 10 superposition RI signals will
be constructed, each including five superposition signal elements.
In further accordance with the example embodiment, each input digital R physical
signal will be a passband signal having a different RF carrier frequency. Thus, each set of
20  duplicate signals corresponding to a given input digital RF physical signal will have a
different RI carrier frequency than every other set of duplicate signals corresponding to a
different input digital RE physical signal. With this arrangement, the superposition signal
elements of each superposition R signal will occupy different passbands, and each
superposition RI signal will therefore carry non-interfering superposition elements. It will be

25  appreciated that other splitting and superposition schemes could be used. For example, some
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conprising a nunber of antenna nodes ("N " in each figure). In accordance
with the exanpl e enbodinent, the RF conditioning nodule will split each
recei ved wopsct3sae i nput digital RF physical signal inPOeTASau008359Df
duplicate signals that equals the nunber of antenna nodes. At step 806, the
RF condi tioni ng nodul e conbi nes particular duplicate signals selected from
anong each of the respective nunber of duplicate signals into one or nore

super posighh@pbsitfonSiedRNabsuld nema@gff)el%aﬁ&l Mgﬁaham&n@ﬁamb&l igpRQinERt . the
nunber of superposition RF signals will equal the nunmber of antenna nodes,

and each Rupei pesILLAR ﬂéréxh%ﬂ%'ncl%é AupérlﬂGAlMPSlQﬂﬁelgHéﬁté £@h Snf§1a30Rde; f rom

each of the split 1nput digital RF physical signals. As such, each

super posi 1,91 ﬁguﬁh Qhﬂﬁ%g#‘ ?&L%gﬁ a nunber of superposition signa

el enent s equa to t put digital RF physical signals. For

exanpl e, if t;&‘? %@?ﬁ%‘ﬁ&dnﬁiﬁ? Blng'{r%ld&l%ﬁmﬁl;s aBHYrﬁ Bl tt?ec?@%L nd 10 antenna

nodes, each o I nput yS|ca signal's be split

into 10 | i sition RF signals will be
const Esucte rpOesac c‘%naici gnner%[eda]ﬁ“ %Qg Ogtgl tion r}r?mOte € ngrrrlgn 5. In further

accordan wi.th the exa ut |taI si cal
Signal wideHee %Cﬁggog%@ﬁ}égug?sg@%@d’h%?%b@ﬁ%P@Beeﬂii e a8 squency.
Thus, each set of du |icate signals ¢ ndl to a given inpyt digital
e en et S opfta RS2 ML PR RIPE Pt Codulntite R Svar s
ot her set f upljicate signals_corr ondi to a different input digital
RF physi g@ﬁ%WgHWﬁWﬁVPHWS05?PHﬁ@@ﬁﬁﬁ@“ﬂgﬁﬁcgdﬁﬁqﬁﬁ%?ﬂﬁ%ﬁ si gna

el ements of each su&erp05|t|on RF S|anI wi || occupy different passbands,
and each SUHdPPREmEdY: 40 a5 grrypsedi of glﬁ@wé?cgpépegﬁl FORVRER-If Fngigrsd fhg
superposition elenments. It will be appreciated that other splitting and
superlifosibeicernesieth &nens of Giglagieprn npdeqvia FEPPEEHoLED PRYsitekialsERIE G on si gnal s
coul d include superposition signal elenments fromeach input digital RF

physi cal yegrciro-apidabeayerer Shedoyrb physedaliaerisepecpdisileduopssa Aervertrenent s

fromonly a subset of all of the input digital RF physical signals.
corresponding to the point of connection at the converter to a respective antenna node). In

accordance with the example embodiment, the R conditioning module will route and
transmit the one or more superposition RF signals to the array of remote antenna nodes by
15  routing and sending each of the one or more superposition R signals to the one or more of
the plurality of electro-optical converters via one of the plurality of third physical interfaces.
The example method therefore also comprises receiving one of the one or more
superposition RI signals from the RF conditioning module at each electro-optical converter.
In further accordance with the example method, each of the one or more of the plurality of
20  electro-optical converters will convert the received one of the one or more superposition RF
signals into an optical superposition RF signal, and then each of the one or more of the
plurality of electro-optical converters will transmit the optical superposition RF signal to the
antenna node of the array of remote antenna nodes via an associated respective fourth

physical interface.
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At step 808, the RF conditioning nodule routes and transmts the one or
nore superposition RF signals generated at step 806 to the array of renote
ant enna rwoes10/Bef4erri ng once nore to Figures 6 and 7, wrha/uskeniokise7 DAS
head end includes a plurality of electro-optical converters (612 in Figure
6 and 712 in Figure 7) each being connected to the RF conditioning nodul e
via one of a plurality of third physical interfaces of the RF conditioning

modul e. Al so a3 dicasupapte. RARRiHE BRY hiE&HH R0 BhpGRAL o AINRIrE Rfv-1 S
configured to be connected to one of the antenna nodes via a respective

fourth phySLLRE moBhies, flﬂ‘é@co?&an&é"\%dg{h‘é %Qan‘?ﬂl@&hl‘i&ﬁrﬁéﬁt | Gal 10GoRREREr (the

fourth physical 1 nterface of each el ectro-optical converter correspondi ng

to the pgh&ﬂﬂe%cl %@Q?&Eé&% ?Fltcoﬂchﬁ ¢ &Vtﬁ&tl?éonﬁg r%?: ch&df%grt@le@T node) .

I n accordance wt he exanpl e e |nent rtronin e wll

route and, 'b{)tﬁrﬁﬁglg bﬂgA?%ﬁd [ h e &?eHQ(?%E%%J' &e'v%g rﬁf wﬁﬁ%%k&&&o&ﬂ& array of

renote an enna no rou |ng and sendl ng eac e one O
SUPETROS Ine{wonk RKt s§ %' Sach Br SfdG BI% %E%S’r{eeqr Blord | h§v o'wf%¥ ?E
|

el ect ro- opti cal verters via one ura p%y5|ca
terf Th t her.ef l f
the. one. aF<Hb %regaegﬁ?%as?fﬁpgﬁlgﬁe o%f%aﬁa%ﬁalavf%%ws e SEIRBAERSH ng moaul e at

each electrﬁ cal converter. g ﬁ ccordance with E e exanpl e
met hod, SHENAST [P EHETEA HBFLIvVEPaE %‘dgi‘ PLIRUEY SEnlHt Bt Oé‘bP‘?V&eél
converters will convert the received one of the one erposition
RF si gnal®" PAfWYe %ﬂ’in%‘ﬁ‘fﬁi tH%lSIV@h%‘@&‘B%?F?W‘B% tlﬁlbaéqbé?f’a‘ilgltaiﬁﬁtlcﬁ{] E dof the
one or more of the urality of electro-optical converters will transmt
the opti & gﬂ%%%%%@@ﬁpﬁﬁﬁﬁﬁﬂ§ﬁéﬁﬁP“W%s%ﬂ%jHﬁ@ﬁﬁﬁgﬁﬁ%ﬁe of the array of
renot e antenna nodes via an associ ated respective fourth hy5|cal

i nterflace. As dit s€R8 e gacksbihe ong Remprees ths) ae pNgotsden-Pewer Bl 88dWernpri ses one
or nore | owpower RF nodules. In accordance with the exanple enbodi ment,
each lo es e TRePaYed despertive Bessband digitpbenticyl sigaaldo pdespertise REpasshadt i s

configured to operate according to either
signal. In accordance with the example embodiment, each low-power RIF module that

receives a respective baseband digital optical signal will modulate the received signal to a
different passband (i.e., a different carrier frequency).

15 Finally, at step 814, each of the one or more of the one or more low-power RFF
modules sends the respective RIY passband signal to the RIF conditioning module via a
communicative connection to the one of the plurality of first physical interfaces as one of the
respective input digital R physical signals. Thus, in accordance with the example
embodiment, at least one of the input digital RI physical signals received at the RFF

20  conditioning module at step 802 corresponds to an RF passband signal output from a low-
power RIF module. As noted above, the connections from the low-power RFF modules to the
plurality of first interfaces of the R conditioning module correspond to the low-power
digital-RF links 609 in Figure 6 and low-power digital-RF links 709 in Figure 7.

Although it is not explicitly depicted in the flowchart of Figure 8, the method could

25  further comprise aspects related to the smart antenna interface of the embodiment of the
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or both CPRI or OBSAI, and to be connected to a BBU device in a wireless
service provider network. At step 810, each of one or nore of the one or
nor e | owwowero/BFs4aodul es recei ves a respecti ve basebanecaiuscei@lossspt i cal
signal via its respective second physical interface. Thus, receiving a
respective baseband digital optical signal at a given | ow power RF nodul e
conpri ses the given nodul e receiving the baseband digital optical signal

from a BBY,Gavi Gestud ih PRutl ¥ &heBREHIVEMS nfc@RAREEH YRIRELANisP RS mght
interface. At step 812, each of the 6ne or nore of the one or nore

| ow- pomrthﬂ:mmwnﬁéln@ﬂyé @S 1da8 ﬁlf&%{%ﬁbﬁ’ RO ‘f‘tﬁé}%? Bbt}{ er PRgshend: diqoi tal

opti cal S|gna to a respective RF passband signal. In accordance with the
exanmple e £5pective
baseband 1 gl t anﬁﬁﬁg? gﬁ%ﬁ’ Fﬁ,ﬁgﬁﬁgﬁmh@%%)£ 5§%§§ t@?én%f to a

di ffere”ttra8$}§§$&P]go$er gfph’edﬁ)tﬂ!—: Hl e gl%rlrtp SEmJ ﬁﬁgl%ﬁﬁg%)dt’ thggﬂa' |y, at step

814, each € one nndules sends

the r spect&ve RF R§§sba d s nal 1o he RF con |t|on|n o uIe v a a
ifioning m € TOU! eP ansmits to the %l’ﬁag CIOLe & tenna (% hlS
communi cat | Ve EEnHect on eone o prurart i'rs yS|caI

interf h t 1 I
Thug, | RELY R Pt s TR QbR i B T nput

digital RF sical signals received at the RF conditioning nodule at step
802 corrél @ﬁ%s to an RF passband signal output froma | owpower RF nodul e.
As not ed above onnections fromthe | ow power RF nodul es, to t he
plurality of fh?gF&?g @Pgék%gw%ﬁeﬁﬁgxﬁﬁﬁgﬁﬁﬂf F%ﬁ@ﬁﬁ HEH%?@gé@P?%gbond to

t he | ow power ital-RF links 609 in Figure 6 and_ | ow power_ djgital-

li nks 709h filﬁV‘FfF%fig.\’feéU@P fromp thesntgAng Rodpss agof n%ﬁmwrbintﬁlgﬁr%i%pﬁwéﬁaw t he
flowchart of Figure 8, the nethod could further conprise aspects related to
the si¥ar trevwheahRgionppeipensoulfinglpde: ahthe Rilronditioing MeAPDAPEMRLE i | | ustrat ed
in Figure 7. Specifically, the nethod could further conprise receiving at

t he smar treAttEAfRyersasenefpesidon RERNES fromdng of eivdemen anteerh nefdesmditheor bot h of

a BTS device and
array of antenna nodes; at the RIF conditioning module, deconstructing each of the received

respective superposition RI¥ signals into a one or more respective reverse passband signals;
and at the RF conditioning module, routing and transmitting each of the one or more
15  respective reverse passband signals to a respective destination, wherein the respective
destination is either or both of the BTS device and the BBU device.
In the discussion of Figure 8, the terms “first” and “second” as applied to “interfaces”
are used as identifying labels, and not meant to imply any numerical ordering (although a
numerical ordering is not necessarily excluded). It will also be appreciated that the steps of
20  Tigure 8§ are shown by way of example, and that additional and/or alternative steps or
alternative ordering of steps could be carried out and still remain within the scope and spirit

of the present invention or embodiments thereof.
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t he BBU device, and then causing the RF conditioning nodule to adjust a
distribution of transm ssion power applied to the one or nore superposition
RF si gnalwot2hex13s33e RF condi ti oni ng nodul e routes and t Pa@mATs2A19/083591 he
array of renote antenna nodes. As such, this aspect of the nethod descri bes
t he operation of |oad-balancing via the smart antenna interface. The met hod
could al so include aspects related to receiving and processing signals in
the reverge did,aaLiign fromthe antenna nodes, again not shown in Figure 8.
Specifically, reverse direction operation could include: at the RF

condi ti oni ng nRAYhGple LESEINAJAIMIE SPERE ble¥it [HEVURIoR Ra SHRE GRLIHII B0vAF Signal s
fromone or nore renote antenna nodes of the array of antenna nodes; at the

RF condi tj0Ql Eﬁ‘?ﬂﬁ%% tvﬁﬁﬁ&&?&inﬂ?ﬁdv&%%f?@ﬁ&h%gg& D& hEGRLASHs heshect i ve

superposition signals into a one or nore respective reverse passband
signal s; and fhe LRBodRne GALLLELH] R H&q}{lng fronPHE 109 %géj &drsgﬂﬁg}&é' ng each
of the one or nore respective reverse pasSband S|gn51 o) respective
desti%atﬁgghﬁ$h%%§%n %#Feéﬁs g%%hge destination is either or both of the
BTS deévi ce and the BBU device. "'t he di scussion of Figure 8, the terns
"first" and "second" as applied to "interfaces" are used as identifying

| abel s, and not neant to inply any nunerical ordering (although a nunerical
ordering is not necessarily excluded). It will also be appreciated that the
steps of Figure 8 are shown by way of exanple, and that additional and/or
alternative steps or alternative ordering of steps could be carried out and
still remain within the scope and spirit of the present invention or

enbodi ments thereof.3. Conclusion An exanpl e of an enbodi ment of the
present invention has been described above. Those skilled in the art wll
under st and, however, that changes and nodifications may be nmade to the
enbodi nent described w thout departing fromthe true scope and spirit of

t he
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invention, which is defined by the clainms. CLAIMS What is clainmed: 1. An
apparatus conprising: a radio frequency (RF) conditioning nodul e having a
pl ural i t ywof2ofo3si46physi cal i nterfaces and bei ng confi gecedst@o/0850®i ve a
respective input digital RF physical signal via each of one or nore of the
plurality of first physical interfaces, split each received respective

i nput digital RF physical signal into a respective nunber of duplicate
signal s, conbine particular duplicaggagmgnal s sel ected fromanong each of
the respective nunber of duplicate Signals into one or nore superposition
RF signals, and route and transmt the one or nore superposition RF signals
to an array of renpte antenna nodes to which the apparatus is configured to
be conmunjgatd Mgl¥qcoupl ed; and one or nore | ow power RF nodul es each
havi ng a comuni cati ve connection to one of the plurality of first physical
interfaces, and each configured to: receive a respective baseband digital
optical signal via a respective second physical interface, nodul ate the
recei§ed resp?ctivg basegand dngtaI optical signal to a respective RF

passband signal, ang*® éﬁiw?ﬁngeg%ective RF passband signal to the RF

di tioni dul ia t uni cat i ion tq.th f th
i ural ity of frit CpitgRveRD FRTEPRag awaE e sl depdBrol Trpur
digital RF physical .signals.2. The apparatus of claim1, wherein at |east
one of t e A heiPesP ks Opnysi cal

receive a respective input digital RF physical signal via each of one or more of
the plurality of first physical interfaces,
10 split each received respective input digital RIF physical signal into a respective
number of duplicate signals,
combine particular duplicate signals selected from among each of the
respective number of duplicate signals into one or more superposition RI signals,
and route and transmit the one or more superposition RF signals to an array of
15 remote antenna nodes to which the apparatus is configured to be communicatively
coupled; and
one or more low-power RIF modules each having a communicative connection to one
of the plurality of first physical interfaces, and each configured to:
receive a respective baseband digital optical signal via a respective second
20 physical interface,
modulate the received respective baseband digital optical signal to a respective
RF passband signal,
and send the respective RIF passband signal to the RF conditioning module via
the communicative connection to the one of the plurality of first physical interfaces as

25 one of the respective input digital RIF physical signals.
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interfaces is configured to receive an input digital RF physical signal
froma base transceiver station (BTS) device in a wireless service provider
net wor k tweatompessabes according to a CDVA fami |y of proPeTaisg0108355¥he
apparatus of claim2, wherein the input digital RF physical signal fromthe
BTS device is a passband signal. 4. The apparatus of claim2, wherein the
respective second physical interface is configured to: operate according to
at | east one protocol selected froma group consisting of a Conmon Public
Radio Interface (CPRI) and the Open Base Station Architecture Initiative

(OBSAl), and pecei yg ﬁap%&%%l&lnﬁi,gﬂl@}eiﬁ :It(Pé@stebnp%ﬁ@l@@ﬁgalﬂ')m)ftﬁrgt%ﬁicﬁevi ce in

a wreless service provider network. 5. The apparatus of” claim wher ei n

th . . i . . , d
e arr a){lhtgltfgégggtﬁgﬁl@?édetg ?&e&@%ﬁﬁwgﬁt?dg@{a'l R iggsl&&' &l 18 ARLERDRAREES, an

wherein t i oning no contigured to split each received

ti f Cait al . ; . : h ¢
ooty SRR O PRABOYSEel SRl PR G FSRSEHNE LT o
i nput 5d| qﬁﬁﬁk”%{Fl?Q psrgt((:)?(l)ls’m gnal into a nunber of duplicate signals that

equal § the nu er 0 nternina nodes. 6. The apparatus of claimb5, wherein the

RF conditioning nodule is configured to conbine particular duplicate
signals selected fromanong each of the respective nunber of duplicate

signals into gne or, nore superposition. RE signal.s ei.ng .configured to:
conbi ne one. ot heTPLIBEAYS P UUR) 1 LB pE RITETE o aRLHrT PEdhEc | ve
Ispgﬁgl gll %{I@Eﬁiﬁ}sh %éb%r?cllsigr'la%nal into each of a nunber of superposition RF

10 4. The apparatus of claim 2, wherein the respective second physical interface is
configured to:
operate according to at least one protocol selected from a group consisting of a
Common Public Radio Interface (CPRI) and the Open Base Station Architecture Initiative
(OBSAID,
15 and receive a baseband signal from a baseband unit (BBU) device in a wireless

service provider network.

5. The apparatus of claim 1, wherein the array of remote antenna nodes
comprises a number of antenna nodes,

20 and wherein the RIF conditioning module is configured to split each received
respective input digital RIF physical signal into a respective number of duplicate signals by
being configured to:

split each received respective input digital RIF physical signal into a number of
duplicate signals that equals the number of antenna nodes.

25
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nunber of superposition RF signals equals the nunber of antenna nodes. 7.
The apparatus of claiml, further conprising a plurality of electro-optical
convert erwOoeamhi3f®éi ng a conmuni cative connection to onecofusaoiplosssat ity of
third physical interfaces of the RF conditioning nodule, and each given

el ectro-optical converter of the plurality of electro-optical converters
being configured to: receive one of the one or nore superposition RF

signal s from ghe RinCQpahatus 8NE1Rch SRS the RIVEAdidHME hERE! N ethrRfqof the
one or nore superposition RF signals into an optical superposition RF

signal ; andhbiR0sdHiduld EpIRART sEakls SURRIARSH binBfh &Eh 5f @O RkpdcRyAlndE §NNa node

of the array of renote antennda nodes via a respective fourth physical

interfac qlu?%c&te\t&f%n%is}fﬁg ofid &Ghé:2 _sﬂ%%ﬂ.eo-giﬁgr} Rgﬁ%ﬁ‘&l& ] béiﬂ%‘&on;'gigurg? Qf:1 gured for

conmuni cat e antenna appar atus aim7, wherein

the R condi tk{i’rﬁ%ﬁ@@o‘}%een ! i ef(glm;u- H&'Eees‘?%{l;aﬁ c’)f)%o?l%a%h g&gﬁééns@@c’&%mnﬁn;utt he one or

nor e super posi si gna e arr r eno enna nodes by bei ng

confiqured.to,.rpute, and,send each of, the one or e superposition RF
S onaits. (orBRRr BRI L B BE R FBE i Dy RO Mo B AP RRRERML 0 o

the plural i f third ' ' f . 9. Th t f claim 4,
Further comr St - oBAY Sk BERedr k0 B8 ormunt cat i ve

connection with the RF conditioning nodule and being configured to: receive
traffic load infornation fromat | east one of the BTS device and the BBU
devi ce; and based on the received traffic | oad i nformation, cause the RF
condi ti oni ng rodul "t BPEE"SS dﬁ“ﬂ%ﬁ?ﬁ?bﬂ?ﬁ%ﬁ“@@*?F@H% destirenister appl i ed
to the one or nore superposition RF signhals that the RF conditioning nodule
rout es ar@nYERSATH RaVing ACHBNHPICEYVCSONRCE R 1@ OFf plehplgrality of third physical

10 interfaces of the RI conditioning module, and each given electro-optical converter of the
plurality of electro-optical converters being configured to:
receive one of the one or more superposition RI signals from the RIF conditioning
module;
convert the received one of the one or more superposition RIF signals into an optical
15  superposition R signal; and
transmit the optical superposition RF signal to an antenna node of the array of remote
antenna nodes via a respective fourth physical interface of the given electro-optical converter

that is configured for communication with the antenna node.

20 8. The apparatus of claim 7, wherein the RIF conditioning module is configured
to route and transmit the one or more superposition RF signals to the array of remote antenna
nodes by being configured to:

route and send each of the one or more superposition RF signals to one of the plurality

of electro-optical converters via one of the plurality of third physical interfaces.

25
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nodes. 10. The apparatus of claim4, wherein the RF conditioning nodule is
further configured to: receive respective reverse superposition RF signals
from one WO 20vB5¥4enot € ant enna nodes of the array of amCeEMsa010083597
deconstruct each of the received respective superposition RF signals into a
one or nore respective reverse passband signals; and route and transm t
each of the one or nore respective reverse passband signals to a respective

destination, whereip {dgafusePaLH M@ulql%ﬁédnwsingashﬁrt%ﬁdemlﬁeérfaéemﬁlge group
consi sting of the BTS device, and the BBU device. 11. An apparatus

compri si nGonfunfdhi@ dohRGHENGYh (IB@F &RBBbALS Holde Rll% Qavbng @ pl ural ity

of first physical 1 nterfaces; one or nore Tow power modul es each havi ng

a_communi cat i Y& GORRELALAAR 1A &G RIUEAN s oLl ERLnPRKE!

i nterfaces; a processor; I ne | ogi c executab e processor to
cause thgigﬁgqﬁgtus t o: recelve a respective input dlgltal RF physi cal
signal via edch of one or nore of the pIuraIity of first physical

|nter%aces of th Rﬁwcondlt C@gw> ﬁm?g%w%EE ﬁ%cmu1QEh@%&5u%.”DdU|e

recelvefl
split “each recelve respective i np si'cal s |nto a

respectiv i cate condi tio nin

conbi ne B3 ﬁa"%fta?ut@aﬁf B&Igfnéssg%ﬂ%f* apgaffdaf&%eaonf %W%Hed%t%qﬂ* he’
respective nu %; dupl.i cat e sl gnals into one of nore erposition RF
si gnal s, signals t at the F conditioning modul€ routes and transmits to the array of ote antenna

nodes.

10 10. The apparatus of claim 4, wherein the RIF conditioning module is further
configured to:
receive respective reverse superposition RE signals from one or more remote antenna
nodes of the array of antenna nodes;
deconstruct each of the received respective superposition RIY signals into a one or
15  more respective reverse passband signals; and
route and transmit each of the one or more respective reverse passband signals to a
respective destination, wherein the respective destination is selected from the group

consisting of the BTS device, and the BBU device.

20 11. An apparatus comprising:
a radio frequency (RIY) conditioning module having a plurality of first physical
interfaces;
one or more low-power RI" modules each having a communicative connection to one
of the plurality of first physical interfaces;

25 a processor; and
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at the RF conditioning nodule, route and transmt the one or nore
superposition RF signals to an array of renote antenna nodes to which the
appar at uswp0wmarsfi4gur ed to be conmuni catively coupl ed, @&CTAISQIv®B559Ne Of

t he one or nore | ow power RF nodul es, receive a baseband digital optical
signal via a respective second physical interface, at the given one of the
one or nore | ow power RF nodul es, nodul ate the received respective baseband

digital opti calacﬁhamgic e&&u@ame% tp@ﬁé&@mto%agg@the Fﬁﬂ uiliot he given one of
the one or nore | ow power RF nbdul'es, send the RF passband signal to the RF

condi tioni ng nodul g M@, feg]%cﬁ%mﬂﬂ 'dfg"i’tﬁf Nﬁpl%@ﬁ@les‘féﬂapﬂa EQnboREnLBeRE of he

plurality of first physical interfaces as one of the respectlve I nput

digital RF ph%’tﬁ é)(flﬁ'%ht? P yﬁB/Fl%%l mtlﬁ&‘ceﬁ@fpcﬁé ﬁF%nd‘?ﬁo?rl ufel, Wherein at

| east one of irst physical interfaces is conflgured to

receive an input dét%e 1?# SRR 'n?o%lules%}qgig&lch réc&%@{g?ﬁ&s{e ih ‘?ﬂal"l@ﬁ station

(BTS) device in a wreless serv ce prb net wor it es accordi ng

to a fam E%lca{]a na&)t oc:ﬂlves 3ve num (ﬁfpcﬁ\l IS OnfalsC| aim 12 vvherel n the
i nput dlgltalp |ca SI fTom t Bﬁg' &Vice is a passband si gnal .

14. Th t i .

conf i gured o 3Ee?té?e°ﬁ§é%n}9?%m§ H%O&lel tC%é%%lﬂaathcggbﬁ?ﬁﬁ&tsFlgg@f ST om a
tl terf CPRI nd th

Hce’ Stat 1 on APOHI BTG A EITAy G e eHRARPIRR o g G T BS6 band o1 gnal

froma baseband unit, S BBU) device in a wireless service provider network.
superposition RF signals,

at the RF conditioning module, route and transmit the one or more
10 superposition R signals to an array of remote antenna nodes to which the apparatus
is configured to be communicatively coupled,
at a given one of the one or more low-power RIF modules, receive a baseband
digital optical signal via a respective second physical interface,
at the given one of the one or more low-power RIF modules, modulate the
15 received respective baseband digital optical signal to an RIF passband signal,
and at the given one of the one or more low-power RI' modules, send the RF
passband signal to the RIF conditioning module via the communicative connection to
the one of the plurality of first physical interfaces as one of the respective input digital
RF physical signals.
20
12. The apparatus of claim 11, wherein at least one of the plurality of first
physical interfaces is configured to receive an input digital RI physical signal from a base
transceiver station (BTS) device in a wireless service provider network that operates
according to a CDMA family of protocols.
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15. The apparatus of claim 11, further conprising a plurality of

el ectro-optical converters each having a conmuni cative connection to one of
a plural iwg20fo/3b846d physi cal interfaces of the RF condipCirarseong/osssdul e,
wherein the machine logic is executable by the processor to further cause
the apparatus to: at a given one of the plurality of electro-optical
converters, receive one of the one or nore superposition RF signals from

the RF Cond! tini ngp, W5 oﬁélai}rh@, h¥eh t%%p&fdééiﬂﬁRp E)h%?éai stié/napfrom
el ectro-optical converters, convert the recelved one of the one or nore

super posighd s REi& 90 BhsShdnAk@ndN optical superposition RF signal; and at
the given one of the plurality of electro-optical converters, transmt the

optical superposition RF signal to an antenna node of the array of renote
antenna nodes via a respective fourth physical interface of the given one

of the electrg;optica rs.£h s, configur f i jon with
t he antenna ngéé.l .e#W%gg%ggégugiSﬁggfg?%$ﬁé#ﬂ#%§gﬂ3$&§%§%g¥£$§%&% smart
anten%a %gterface havi ng a conmuni cative connection with the RF

condi tioni'ng nodul e, wherein the machine logic is executable by the

rocessor to further cause e apparatus to:.at the smart antenna

P er ok, | Dbttt of B SRORERbRbeq Pl o eabisBRTR ¢ he BTS
devi ce a t he evi ce; .an the smart _antenna interface, based on the
over vea Utnien By HEYp i iRt Bto baEune Do BARstRaR A G R IRt ot o
adj ust a(gbgtribution of transm ssion power applied to the one or nore

super posi ADRF signals that the RF conditioning nodule routes and

transmts to the array of renote antenna nodes. 17. The apparatus of claim
14, wherein t A& BEAYH %‘éas?t&@?l gigpad f@?’@c‘t?ﬁ%%“‘ﬁﬁ/@t% device in a wireless

10 service provider network.

15. The apparatus of claim 11, further comprising a plurality of electro-optical
converters each having a communicative connection to one of a plurality of third physical
interfaces of the RF conditioning module,

15 wherein the machine logic is executable by the processor to further cause the
apparatus to:

at a given one of the plurality of electro-optical converters, receive one of the one or
more superposition RF signals from the RF conditioning module;

at the given one of the plurality of electro-optical converters, convert the received one

20  of the one or more superposition RI signals into an optical superposition RI signal; and

at the given one of the plurality of electro-optical converters, transmit the optical
superposition RI signal to an antenna node of the array of remote antenna nodes via a
respective fourth physical interface of the given one of the electro-optical converters that is
configured for communication with the antenna node.

25
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processor to further cause the apparatus to: at the RF conditioning nodul e,
recei ve respective reverse superposition RF signals fromone or nore renote
ant enna nwoes10f3534he array of antenna nodes; at the RF eomdisteiosisg7 nodul e,
deconstruct each of the received respective superposition RF signals into a
one or nore respective reverse passband signals; and at the RF conditioning
nodul e, route and transmt each of the one or nore respective reverse

passband signaks t@h@ap@%ﬁﬁ%f&m@ de flrinbAlnPRisin¥h 8h&i Bk 1R iRESRECT | Ve
destination is selected fromthe group consisting of the BTS device, and

the BBU %angcorﬁﬁunﬂlﬁze%@rﬂf%@én%ﬂp&e REQbMiddningd 641N the machine logic is

at | east one“of (1) software instructions stored in machi ne readabl e nenory

accessi bl e by %Qx%m%@ﬁﬁciﬁ&r logik id e)xeél@{b?é’@ftﬁe in%gésgor (S ABE dalide t& rmaar e

| ogi c.19. In an apparatus conprising adi o frequency (
COﬂdItIOQ%E% dpgul e having a plurality of first physical |nterfaces and
(i) one nore | ow power RF nodul es each haV|ng a conmuni cative

Conne%tl on totato t e Of tnrt]eenn 1 l{er alcé treYceP\Ie &Jalrfr csl adoln%l %rlngtlabln flrorr]ﬁ aef\trlgzaas‘g (%ne 'of %}1 met hod
conprirsing: a COI’] I ONni n , recerving a |ve nput

digital sica vi a ach of one or nore of the plurallty of
first ph5§?$€.“£ﬁPiﬁ?;%£?&zﬁ? ? e RF conditioning nmodule, splitting each
recei ved respec ive input d| si cal a.res ectlve
number of dupfi BatEk il duclize bﬂ%edp%@h%eorﬁ%ﬁ“ﬁdéw?f?@ sl StidgRBRn: no
parti cul plicate sign electe f each of the respective
nunber Ir“‘d]gllfj) Ferelitoang; fs“)? i agie téané 8PP BYY{TiBR RO @FQH%I s; at
the RF condltlonlng nDduIe routin and transmtting the one or nore

super posi¥ PR TPCBPRiren R §ignaky hap ekl sendjtignimeanodiledpivies 4gd@ESRIE GHicch t he

apparatus is communicatively
10 array of remote antenna nodes.

17. The apparatus of claim 14, wherein the machine logic is executable by the
processor to further cause the apparatus to:

at the RI conditioning module, receive respective reverse superposition RIF signals

15  from one or more remote antenna nodes of the array of antenna nodes;

at the R conditioning module, deconstruct each of the received respective
superposition RI¥ signals into a one or more respective reverse passband signals; and

at the RIY conditioning module, route and transmit each of the one or more respective
reverse passband signals to a respective destination, wherein the respective destination is

20  selected from the group consisting of the BTS device, and the BBU device.

18. The apparatus of claim 11, wherein the machine logic is at least one of (i)
software instructions stored in machine readable memory accessible by the processor, (ii)
hardware logic, and (iii) firmware logic.
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coupled; at a given one or nore of the one or nore | ow power RF nodul es,
recei ving a respective baseband digital optical signal via a respective
second phyei2esl13s5aber f ace; at the given one or nore of PhE/USAE0OB559Dr €

| ow- power RF nodul es, nodul ating the received respective baseband digital
optical signal to a respective RF passband signal; and at the given one or
nore of the one or nore | ow power RF nodul es, sending the respective RF

passband signad, tolnta!aeapﬁﬁatﬁpwﬁ&ﬁﬂs&r@!mgrm@ff&@eﬂéﬂmb@on%m nfRbleve
connection to the one of the plurality of first "physical interfaces as one

of the r Ql%{?iﬁgﬁip}ﬁ‘?aﬂty”@f‘ﬁrstqjh%iéaﬁ'inté?ﬁcé’sha)ﬁﬁi(&)adne%ir gl lﬁw;p%gler HPGofgkdod of

claim19, wherein receiving the respective Input digital RF physical signal

via each e%h I%.Qﬁlg%rcoﬂi‘ﬂ{ icQtfivetcjaﬁnth(lJH f?)lolng bf 191{2 g{u&%@ ofﬂﬂytﬁ)ihgﬁial lﬂ?%qrgélléésag es

conprisesrecelving at least one I nput digi physi‘c sig froma
base tra e%?(;dvc%hl ﬁ%iﬁ‘ ion (BTS) device in a wreless service provider
network that operates according to a CDVA famly of protocols. 21. The

TeCho of el oL B S AU S SRR Q0GP S RS,

2 e O e LSRR S, SR B HRGl BERaCe, | S o dured Ko
of & Common PUbLt oSl oo Bl ge sy PR, and Lhe cpen Emps tation
baseband (1913, BNk S2LSLAnal LB Ui fesperti ve second phyeical

device in a wireless service provider network. 23. The nmethod of claim 19,
wherein the aﬁ?th:/RSPO‘i‘CB%]EIé‘% f&?ﬁ“@nﬁ%f“‘ﬁ&%’&éé”%‘r‘?ﬁﬂ‘@é%ate signals selected from

10 among each of the respective number of duplicate signals into one or more superposition RF
signals;
at the RF conditioning module, routing and transmitting the one or more superposition
RF signals to an array of remote antenna nodes to which the apparatus is communicatively
coupled;
15 at a given one or more of the one or more low-power RIF modules, receiving a
respective baseband digital optical signal via a respective second physical interface;
at the given one or more of the one or more low-power RIF modules, modulating the
received respective baseband digital optical signal to a respective RIF passband signal; and
at the given one or more of the one or more low-power RIF modules, sending the
20  respective RIF passband signal to the RI conditioning module via the communicative
connection to the one of the plurality of first physical interfaces as one of the respective input

digital RF physical signals.

20. The method of claim 19, wherein receiving the respective input digital RF

25  physical signal via each of one or more of the plurality of first physical interfaces comprises

42



a nunber of antenna nodes, and wherein splitting each received respective
i nput digital RF physical signal into the respective nunber of duplicate
si gnal s cwoppimBss46splitting each received respective i RpmUSAdIIgiosIsh7 RF
physical signal into a nunber of duplicate signals that equal s the nunber
of antenna nodes. 24. The nethod of claim 23, wherein conbining the
particul ar duplicate signals sel ected from among each of the respective

number ofre&Mg £ 8 oab Hpel éﬁ%'td”'fR@ I?Tlgﬁcﬂgl nf Ffroﬁpa[ basé H%Eé?@e?'s{ah&{‘(ﬁ% si gnal s
conpri ses: conbi ni ng one he nunber of duplicate signals fron1each split

respect i iyl DRUL w i E&bw%ﬂ&ﬁﬁ&%ﬁ%ﬁa@ até%@or&ﬁ b PEPHA 'fh'iﬁ?RgofOf
superposition RF signals, erein the nu sup rposition signal s
equal s tg) &gﬂﬁ of antenna nodes. 25. The nethod of claim 19, wherein the
apparatu i er conprises a plurality of electro-optical converters each
havi ng a conmuni cative connection to one of a plurality of third physical
interfaces of the RF conditioning nodule, and wherein the nethod further

compr isses: ~at z?achTQJm&ﬂodgffdatlﬁ 5 Oﬁerélﬁ%‘he b ot el g Ry Rl o2

converters, réceiving one of e he of Nor e sup ef OSI ron S|gnals from
the RF condlggonln%vggf ; oflthe one or nore of the plurality of
el ect r o- Sp P cAi™ eéFgm ?ﬂﬁ ‘the received one of the one or nore

superposition RF signals into an optlcal superposition RF signal; and at
each of the one or nore of the plurality of el ectro-optical converters,

transmtting the optical r.posi tion nal to an antenna naode of the
array of renote anf@%ﬁ'hﬂiﬂggigié %‘?@Eﬁgﬁ?ﬁ dive serephPivisiral igsragedt er f ace of
the each of the one or nore of the plurality of electro-optical converters.
configured to operate according to at least one protocol selected from a group consisting of a
10 Common Public Radio Interface (CPRI) and the Open Base Station Architecture Initiative
(OBSAID),
and wherein receiving the respective baseband digital optical signal via the respective

second physical interface comprises receiving a baseband signal from a baseband unit (BBU)

device in a wireless service provider network.

15
23. The method of claim 19, wherein the array of remote antenna nodes comprises
a number of antenna nodes,
and wherein splitting each received respective input digital R physical signal into the
respective number of duplicate signals comprises:
20 splitting each received respective input digital R physical signal into a number of

duplicate signals that equals the number of antenna nodes.

24. The method of claim 23, wherein combining the particular duplicate signals
selected from among each of the respective number of duplicate signals into the one or more

25  superposition RI signals comprises:

43



26. The nmethod of claim 25, wherein routing and transmtting the one or
nore superposition RF signals to an array of renote antenna nodes

conpri seswonowidsggsand sendi ng each of the one or nore Paparspasiosison RF
signals to the one or nore of the plurality of electro-optical converters
via one of the plurality of third physical interfaces.27. The nmet hod of
claim 22, wherein the apparatus further conprises a smart antenna interface

having a comm&h&ﬁ;nfb,\éﬁe SARORGhbP Bf ampthl@at& Bgndﬁ%r&ﬁ@mhtsb%@gam%ue and
wherein the method further conprises: he smart antenna interface,

recei vi ngidif.pRf: bﬁysﬁc‘aﬁggﬂaﬂfnﬁ{ aBh bPaPan'il%%fastup&ﬁé’s%onq{lﬁmgﬁalst RReBihmdevi ce and

the BBU device; and at the smart antenna | nterface, based on the received

traffic | ogd. fsQée?ﬁog 08 REGAHTEs WudidNe ﬁfml%?@ﬁé& ARhpgsmodul e to adjust a

di stribution o m ssi o power appli to t e one or nore superposition
RF signals that the RF conditioning nodule routes and transmts to the
array of renDte ant enna nodes. 28. The nethod of claim 22, further

conprissi ng: ;; heTlll%metﬁocfoftclla?r?ll 1@%15’&%91% 'thee alpéaergtel %{mﬂg Jo%s see%t ' Yuraft%ﬁr S€
superp05|t|on F si rom oné’ or te antenna e array
of antenn? Eodes ondi ti on

&

deconst r.uc each of the
ece ved YslRRRiel St o PG %Blfg?@%&wwnﬁ%%wa G R P HB?'J@ Paspect i ve
reverse p and si he. RF conditioni ng nodul e, routing and
transnlttﬁﬁgaggﬁﬂl ?ﬁ%maﬁ%ﬂgf ?%@%%@%ﬁ@%lve reverse passband signals to
a respective de nation, e n the respective destination is selected
fromthe grouﬁmiﬁhgpgpFﬁﬁﬂH?1@ﬁ%“8?@pﬂﬁﬁlce and the BBU devi ce.

at each of one or more of the plurality of electro-optical converters, receiving one of
10 the one or more superposition RI signals from the RIF conditioning module;
at each of the one or more of the plurality of electro-optical converters, converting the
received one of the one or more superposition RIF signals into an optical superposition RF
signal; and
at each of the one or more of the plurality of electro-optical converters, transmitting
15  the optical superposition RI* signal to an antenna node of the array of remote antenna nodes
via a respective fourth physical interface of the each of the one or more of the plurality of

electro-optical converters.

26. The method of claim 25, wherein routing and transmitting the one or more
20  superposition RE signals to an array of remote antenna nodes comprises:
routing and sending each of the one or more superposition RF signals to the one or
more of the plurality of electro-optical converters via one of the plurality of third physical

interfaces.
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27. The method of claim 22, wherein the apparatus further comprises a smart
antenna interface having a communicative connection with the RIF conditioning module,

and wherein the method further comprises:

at the smart antenna interface, receiving traffic load information from at least one of
the BTS device and the BBU device; and

at the smart antenna interface, based on the received traffic load information, causing
the RI conditioning module to adjust a distribution of transmission power applied to the one
or more superposition RF signals that the RF conditioning module routes and transmits to the

array of remote antenna nodes.

28. The method of claim 22, further comprising:

at the R conditioning module, receiving respective reverse superposition RIF signals
from one or more remote antenna nodes of the array of antenna nodes;

at the RF conditioning module, deconstructing each of the received respective
superposition Rl signals into a one or more respective reverse passband signals; and

at the RF conditioning module, routing and transmitting each of the one or more
respective reverse passband signals to a respective destination, wherein the respective

destination is selected from the group consisting of the BTS device, and the BBU device.
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