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(57) ABSTRACT 

An apparat11s and method for implementing a flexible distrib­
uted antenna system (DAS) bead end are disclosed. A flexible 
DAS head end includes an RF conditioning module config­
ured to be com1ected to one or more base station transceiver 
(BTS) devices and one or more low-power RF modules that 
are also part of the flexible DAS head end. 1n an example 
embodiment, the flexible DAS head end receives high-power 
digital-RF passband transm .issions from its connections to the 
one or more BTS devices, and low-power digital-RF pass­
band signals from the one or more low-power RF modules. 
The low-power RF modules, in tum, can receive input base­
band signals from one or more baseband units (BBUs) in a 
wireless network, and then convert the input signals to the lo 
low-power digital-RF passband signals. The RF condition.ing 
module constructs one or more superposition RF signals from 
the passband signals, and routes and transmits them to an 
array of antem1a nodes. 

28 Claims, 8 Drawing Sheets 
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(START)

AT THE RF CONDITIONING MODULE, RECEIVE A RESPECTIVE
INPUT DIGITAL RF PHYSICAL SIGNAL VIA EACH OF ONE OR 

[""'\MORE OF A PLURALITY OF FIRST PHYSICAL INTERFACES 8 02 

AT THE RF CONDITIONING MODULE, SPLIT EACH RECEIVED
RESPECTIVE INPUT DIGITAL RF PHYSICAL SIGNAL INTO A 

i\RESPECTIVE NUMBER OF DUPLICATE SIGNALS 8 04 

AT THE RF CONDITIONING MODULE, COMBINE PARTICULAR
DUPLICATE SIGNALS SELECTED FROM AMONG EACH OF THE 
RESPECTIVE NUMBER OF DUPLICATE SIGNALS INTO ONE OR i\

MORE SUPERPOSITION RF SIGNALS 8 06 

AT THE RF CONDITIONING MODULE, ROUTE AND TRANSMIT
THE ONE OR MORE SUPERPOSITION RF SIGNALS TO AN

i\ ARRAY OF REMOTE ANTENNA NODES 8 08 

AT THE LOW-POWER RF MODULES, RECEIVE RESPECTIVE
BASEBAND DIGITAL OPTICAL SIGNALS VIA RESPECTIVE

i\ SECOND PHYSICAL INTERFACES 8 10 

AT THE LOW-POWER RF MODULES, MODULATE THE RECEIVED
RESPECTIVE BASEBAND DIGITAL OPTICAL SIGNALS TO 

i\ RESPECTIVE RF PASSBAND SIGNALS 8 12 

AT THE LOW-POWER RF MODULES, SEND THE RESPECTIVE RF
PASSBAND SIGNALS TO THE RF CONDITIONING MODULE VIA 

COMMUNICATIVE CONNECTIONS TO THE PLURALITY OF FIRST i\
PHYSICAL INTERFACES 8 14 

( END
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FLEXlBLE 01S,TRJHUTED ANTENNA 

SYSTEM 

RELATED APPLICATION 

2 

uted antem1a system (DAS), which subdivides and distributes 
tht: rndio lrnn�millt:r/rnceiver Jimcliunali Ly uf lbe BTS among 
a number of smaller, lower-power antenna nodes. The nodes 
can be deployed so as to provide coverage within underserved 

TI1is Application claims the benefit of priority to U.S. Pro­
visional ApplicatioD 61/J 80,462 filed May 22, 2009, which is 
hereby iDcorporated by refereDce hereiD. 

5 structures (e.g., in buildings) or over terrain where deploy­
ment of traditional cell towers is impractical or not pennined. 
In what is referred to herein as the "standard DAS architec­
n1re" ( or just DAS for short), the radio and antenna subsystem 
ofa "traditional" BTS is rep laced with a OAS "head end" unit 

BACKGROUND 

A wireless commuuicatioD system typica11y provides ODe 

10 that splits the input RF signal into separate signal portions and 
routes them as digital-optical signals to small, remote antenna 
nodes via fiber optic transmission links. Each node then trans­
mits only its RP signal portion. The DAS head end also or more forms of wireless access to mobile access devices, 

enabling them to engage in voice and data communications 
with other devices-both wired aDd wireless-operating iD 15 
or connected to the system, and to partake in various other 
communication services provided or supported by the sys­
tem. TI1e communication path from a mobile access device, 
sucb as a cellular telephone, personal digital assistant (PDA), 
or an appropriately equipped portable computer, for instance, 20 

to one or more other communication endpoints generally 
traverses a radio frequency (RP) air interface to a base trans­
ceiver 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 25 

data serving node (PDSN). The MSC supports primarily cir­
cuit voice communications, providing interconnectivity with 
other MSCs and PSTN switches, for example. The PDSN 
supports packet data communications, providing intercon­
Decrivi.ty with packet-data Detworks, such as the lntemet, via 30 

other packet-data switches and routers. 
In a cellular wireless system, the BTS, BSC, MSC, and 

PDSN, among possihly other components, comprise the 
wireless access infrastructure, also sometimes referred to as 
the radio access network (RAN). A RAN is usually arranged 35 

according to a hierarchica[ architectme, with a distribution of 
multiple BTSs that provide areas of coverage (e.g., cells) 
within a geographic region, under the control of a smaller 
number ofBSCs, which in turn are controlled by one or a few 
regional (e.g., metropolitan area) MSCs. As a mobile device 40 

moves about within the wireless system, it may hand off from 
one ceH (or other fonn of coverage area) to another. Handoff 

receives signal portions from the remote nodes, and combines 
them for relay back into the network. TI1e DAS bead end 
receives its input from one or more traditional BTSs. More 
specifically, the traditional BTS includes an RF modulation 
subsystem (RF module) that converts the input baseband 
signals from the network into passband signals on RF carri­
ers. TI1e output of the RF module is then connected to the 
input of the DAS via a high-power (e.g., 20W),digital link. Jn 
the reverse direction, RF signals received via tl1e digital link 
are down-converted in the BTS to baseband for transmission 
into the network. TI1e interface between the RF module and 
the DAS head end is same as that between the RF modulation 
subsystem and the radio/antenna subsystem of a traditional 
BTS. As such, multiple BTSs from multiple service providers 
can be connected to single DAS head end, tJrns allowing them 
to share a common access infrastmcture. 

In an .alternative DAS architecture, encoded baseband sig-
nals 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 base­
band links between the BBU and the remote radio heads are 
low-power (e.g., a few mW), fiber-optic lines that support 
communicarions according to one or another open interface 
protocols developed for decentralizing BTS operation. Each 
remote radio bead includes a remote digital-to-RF module 
that functions analogously to the RF 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) architecn1re. 

Each form of DAS architecture has advantages and disad­
vantages. Consequently, service providers must weigh 

is usually triggered by the RAN as it monitors the operating 
conditions oft he mobile device by way of one or more signal 
power levels reported by the device to the RAN. 45 tradeoffs when evaluating decisions to deploy one or the 

other. The RRH arch.itecn1re largely eliminates the need for 
costly, high-power RF conversion in the traditional RTS hy 
distributing encoded baseband signals directly to the remote 

As the demand for wireless services has grown, and the 
variety of physical environments in which wireless access is 
provided becomes more diverse, the need for new topologies 
and teclUJologies for coverage has becollle increasingly 
important. At the same time, alternative methods of wireless 50 
access, including WiFi and WiMax, are becoming more ubiq­
uitous, particularly in metropolitan areas. Consequently, tra­
ditional cellular service providers are looking for ways to 
integrate differeDt types of wireless access infrastmctures 
wi1liin their core tnrnsport and services networks. In addition, 55 

as wireless access infrastructures of different service provid-
ers tend to overlap more and more within smaller spaces, the 
ability to share common infrastrncture offers cost and opera­
tional benefits to network owners and operators. 

SUMMARY 

A particular architectural challenge facing the wireless 
access infrastrncture is to provide adequate coverage in loca­
tions where RF signals do not reach or penetrate, and on a 
relatively fine geographic scale, using equipment that is 
physically unobtrusive. One solutioD to emerge is a distrib-

radio heads. Moreover, the network input to the BBU is not 
restricted only to circuit-cellular data, but admits other forms 
of network rraffic and protocols, including WiF.i, WLAN, and 
other types of native packet data transport. However, each 
baseband link from the BBU to a particular remote radio head 
can generally support only one transport technology at a time 
(e.g., CDMA, GSM, WiFi, etc.), and each node can generally 
modulate a given incoming link to just one RF carrier for any 
one configuration oftbe given link. ln addition, each remote 
radio head incorporates a dedicated remote RF module. Thus, 
even though each RF module is relatively inexpensive com-

60 pared with tbat ofa traditional BTS, the mu11ber ofRRH RF 
modules in any given deployment scales directly with the 
number of remote nodes. Pinally, a single BBU supports one 
service provider at a time, since each baseband link can be 
configured for only one carrier frequency and one transport 

65 technology at a time. 
The DAS arcbitecn1re bas its owD tradeoffs. TI1e head end 

oft he standard DAS architecture includes an RF condition.iug 
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module that can split and distribute multiple input RF signals 
from one or more networks or service providers' rradi1ional 
BTSs, and then route the separate signals to the different 
nodes according to coverage topologies (e.g., cells and/or 
sectors) specified by the service providers. Thus the DAS 5 
bead end supports diverse deployment topologies of remote 
nodes. In addition, since each RP 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 JO 
concurrent sharing of radio resources. The RF conditioning 
module can also load balance the power delivered among the 
remote nodes based on the traffic load at each node. However, 
the standard DAS architecnire still requires each source BTS 15
to include an expensive RF module, and to support a high­
power digital interface to the DAS head end. Further, the 
physical distance oftbis interface link is limited, tmless some 
form of repeater is employed. ln addition, the transport tech­
nologies supported are limited to those of traditional BTSs, 20 

making integration with native packet-based transport more 
difficult. 

l11e distinct approaches offered by the two DAS architec­
tures present service providers and network operators with a 
set of "either-or" of solutions, none of which may fully and 25 

simultaneously address challenges such as diversity of trans­
port technologies, common access infrastructure, and versa­
tility of coverage configurations, among others. 

A more versatile DAS architecture is needed to address 
these and other challenges of configuring and deploying wire- 30 

less access infrastructures. Accordingly, various embodi­
ments of the present invention provide a flexible DAS that 
can: st1pport a wide and expandable array of transport tech­
nologies from the network side; or support concurrent pro­
cessing, transmission, and reception of conunur1ications 35 
according to some, or any or all of the relevant technologies; 
or support simultaneous RF transmission and reception on 
different RF carriers; or support versatile and diverse cover­
age topologies among a distribution of antenna nodes; or 
incorporate intelligent routing of signals to antenna nodes, 40 

and st1pport load balancing among the antenna nodes; or 
enable different service providers to share a common wireless 
access infrastmcture; or some combination of some or all of 
the forgoing. 

Hence, in one respect, embodiments of the present system 45 

provide an apparatus comprising: a radio frequency (RF) 
conditioning module having a plurality of first physical inter­
faces aJ1d being configured to: receive a respective input digi-
tal RF physical signal via each of one or more oftbe plurality 
of first physical interfaces, split each received respective 50 
input digital RF physical signal into a respective number of 
duplicate signals, combine particular duplicate signals 
selected from among each of the respective number of dupli­
cate signals into one or 1uore superposil'ion RF signals, and 
route and transmit the one or more superposition RF signals to 55 
an array of remote antenna nodes to which the apparatus is 
configured to be conununicatively coupled; and one or more 
low-power RF modules each having a communicative con­
necriou to one of the plurality of first physical interfaces, and 
each configured to: receive a respective baseband digital opti- 60 

cal signal via a respective second physical interface, modulate 
the received respecl'ive baseband digital optical signal to a 
respective RF passband signal, and send the respective RF 
passband signal to the RF conditioning module via the com­
municative connection to the one of the plurality of first 65 

physical inter.faces as one of tbe respective input digital RF 
physical signals. 

4 

In another respect, embodiments of the present system 
provide an apparatus compri�ing: a radio frt:qutmcy (RF) 
conditioning module having a plurality of first physical inter­
faces; one or more low-power RF modules each having a 
communicative coooection to one of the plurality of first 
physical interfaces; a processor; and machine logic execut­
able by the processor to cause the apparan1s to: receive a 
respective input digital RF physical signal via each of one or 
more of the plurality of first physical inter.faces of the RF 
conditioning module, at the RF conditioning module, split 
each received respective input digital RF physical signal into 
a respective number of dupl icate signals, at the RF condition­
ing module, combine particular duplicate signals selected 
from among each of the respecl'ive number of duplicate sig­
nals into one or more superposition RF signals, at the RF 
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 RF 
modules, receive a baseband digital optical signal via a 
respective second physical interface, at the given one of tbe 
one or more low-power RF modules, modulate the received 
respective baseband digital optical signal to an RF passband 
signal, and at the given one of the one or more low-power RF 
modules, send the RF passband signal to the RF 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. 

In yet another respect, embodiments of the present system 
provide, in an apparanis comprising (i) a radio frequency 
(RF) conditioning module having a plurality of first physical 
interfaces and (ii) one or more low-power RF modules each 
having a communical'ive connection to one of the plurality of 
first physical interfaces, a method comprising: at the RF con­
ditioning module, receiving a respective input digital RF 
physical signal via each of one or more of the plurality of first 
physical interfaces; at the RF condil'ioning module, splitting 
each received respective input digital RF physical signal into 
a respective number of duplicate signals; at the RF condition­
ing module, combining particular duplicate signals selected 
from among each of the respecl'ive number of duplicate sig­
nals 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; at 
a given one or more of the one or more low-power RF mod­
ules, receiving a respective hasehand digital optical sign a 1 via 
a respective second physical interface; at the given one or 
more of the one or more low-power RF modules, modulating 
the received respective baseband digital optical signal to a 
respective RF passband signal; and at the given one or more of 
the one or more low-power RF modules, sending the respec­
tive RF passband signal to the RF conditioning module via the 
conu1rnl1icative cow1ection 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 
where appropriate to the accompanying drawings. Further, it 
should be understood that this summary and other descrip­
tions and figures provided herein are intended to illustrate the 
invenl'ion by way of example only and, as such, that numerous 
variations are possible. For instance, strucn1ral elements and 
process steps can be rearranged, combined, distributed, elimi­
nated, or otherwise changed, while remaining within the 
scope of the invention as cl.aimed. 
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BRJEF DESCRJPTJON OF TC-18 DRAWINGS 

FlG. 1 is an example ofa wireless conummication system 
in which embodiments of a flexible DAS heud end could be 
deployed. 

FlG. 2 illustrates an example deployment of a standard 
DAS architecn1re. 

FlG. 3 is an example !block diagram of a standard DAS 
head end. 

6 

path such as the one just described. It will be appreciated that, 
although not shown, other oonummication devices, as well as 
co1ru1rnnication and application servers could be connected in 
one way or another to the network 118. ln addition, the 

5 network 118 may comprise other equipment including, with­
out limitation, routers, switches, transcoding gateways, secu­
rity gateways and firewalls, and other components typical of 
a communication and transport network. 

FJG. 4 illustrates an example deploymentofan RRH archi- 10 

Also shown in FIG. 1 is a second wireless access device 
104, which is connected to the wireless commlllnication sys­
tem via the air interface 105 to a WiFi access point 122. The 
access point is in n1rn co1mected to a router 124, which then 
connects to network 118. Although not shown for the sake of 

tecture. 
FJG. 5 is an example block diagram of a BBU in an RRH 

architecture. 
FJG. 6 is an example block diagram ofa flexible DAS head 

end. 
FJG. 7 is an example block diagram ofa flexible DAS bead 

end that includes a smart antenna interface. 
FlG. 8 is a flowchart illustrating a method of operation of a 

flexible DAS head end. 

DETAILED DESCRJPTION 

l11e present invention will be described by way of example 
with reference to wireless access teclmologies including 
Code Division Multiple Access (CDMA), UMTS, GSM, 
WiFi, and WiMax, although the invention is not limited to 
these teclmologies. CDMA and GSM are typically deployed 
in cellular wireless com111UJ1ication systems, and generally 
encompass a number of related teclmologies that collectively 
and/or individually support both circuit-cellular conmrnnica­
tions, including voice and circuit-based packet communica­
tions, and native packet-data communications. For the pur­
poses of the discussion herein, a "CDMA family of 
protocols" shall be taken to apply to all such technologies. 
Examples of protocols in the family include, without limita­
tion and of one or more versions, 1S-95, IS-2000, lS-856, and 
GSM, among others. Native packet-data wireless protocols 
and teclmologies, include, without limitation WiFi, WiMax, 
WLAN, and IEEE 802.11, some or all of which may be 
interrelated. The tem1 "wireless Ethernet" is also sometimes 
used to describe one or another of these protocols or aspects 
of these protocols. 

15 brevity, it will be appreciated that this connection could
include other packet routing/processing elements. The access 
device 104 could also engage in communications with one or 
more commw1ication endpoints via the physical path shown 
in the figure. The detailed protocols and methods for estab-

20 lishing co1nurnnications between either of the devices l 02 or 
104 and other devices and co011nunication endpoints io 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 FIG. 1 is illustrative, and there could 

25 be more than one of any of them, as well as other types of 
elements not shown. The particular arrangement shown in 
FIG. 1 should not be viewed as limiting with respect to the 
present invention or embodiments thereof. Further, the net­
work components that make up a wireless communicat-ion 

30 system such as the system 100 are typically implemented as a 
combination of one or more integrated andior distributed 
platforms, each comprising one or more computer proces­
sors, one or more forms of computer-readable storage (e.g., 
disks drives, random access memory, etc.), one or more com-

35 munication 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 instrnctions and program and user data) 

40 stored in the one or more fom1s of computer-readable storage 
and executable by the one or more computer processors to 
carry ot1t the functions, steps, and procedures of the various 
embodiments of the present invention described herein. Simi-FJG. 1 shows an example wireless com1mmication system 

owned and/or operated by a service provider in which an 
example embodiment of a flexible DAS could be deployed. A 45 

wireless access device 102 is communicatively c01mected to 
the sy�tem hy way of an RF air interface 103 to a RTS 106, 

which i.n tum is com1ected to a BSC 108. The RF air interface 
103 is defined and implemented according to one or more of 

larly, a communication device, such as the example access 
devices 102 and 104, typically comprises a user-interface, 1/0 
components, a communication interface, a tone detector, a 
proces�i ng unit, and data storage, all of which may he coupled 
together by a system bus or other mechanism. 
I. Distributed Antenna System Architecn1res

a. Sta11dard DAS Architecturea CDMA family of protocols. The BSC is co1mected to an 50 
MSC 110 for circuit-cellular conummications, and via a 
packet control function (PCF) 114 to a PDSN 116 for packet 
data communications. TI1e MSC is connected to a PSTN 112, 
thus providing a conununication path to landline circuit net­
works. The connection to the PSTN 112 is also intended to 55 
represent tmnk co1mections between the MSC 110 and other 
circuit switched, including (without limitation) local 
exchange switches, interexchange switches for long-distance 
services and interco1U1ections with other carriers' networks, 
and otfaer MSCs both in the carrier's network and other car- 60 

riers' networks. 

A network 200 in FJG. 2 illustrates a high-level view of an
implementation of a distributed antenna system according to 
an example configuration of a standard architecn1re. By way 
of exalllple, the DAS implel1lentatiou in this illustration is 
shown a.s providing a collllllon access infrastructl1re for two 
service providers (labeled "Service Provider l" and "Service 
Provider 2"). As shown, in t]1e network of Service Provider 1, 
MSC 202, is connected to a BSC 204, which in turn is con­
nected to a BTS 206 and BIS 210. The BIS 206 is a tradi­
tional BTS, having a b.igb-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 RF sig-

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 commu­
nication system. A computer 120 is also shown being con­
nected to U1e packet !letwork 118, and the wireless device 102 

could engage in conununications with the computer 120 via a 

65 nal via antem1a elements at or near the top of the tower. The 
broadcast signal generally bas a power level similar to that of 
the input (i.e., roughly 20 W). 
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T11e coverage area provided by the BTS (including the 
transmitting anrerrnas) is typically a cell or cell secrors. By 
way of example, the BTS 206 (in conjunction with the 
ante1uia tower 208) is sectorized, such that it provides three 
sectors (labeled "Sector 1," "Sector 2," and "Sector 3"). An 5 
access device then communicates on a coMection via one or 
more of the cells or sectors of a BTS in accordance with one 

While the coiu1ections 211 and 213 are of the same type, 
each carries a signal (or sigfilals) that is (or are) specific to the 
particular service provider. for example, both service provid­
ers could be operating according to IS-2000, but each using a 
different RF carrier frequency. Alternatively or additionally, 
one carrier could be operating according to CDMA and the 
other according to GSM. Other combinations of technologies 
and RF carriers could be used. ln addition, each carrier could 
have a different configuration of cell or sector identifiers. For 
instance, the BTS 210 could be config11red for three sectors, 
while the BIS 220 could be configured for a single cell. Any 

or more of a family of CDMA protocols. For instance, under 
IS-2000, each cell or sector will be identified according to a 
locally unique identifier hased on a bit offset within a 16-bit JO 
pseudo-random m1mber (PN). An access device operating 
according to JS-2000 receives essentially the same signal 
from up to six sectors concurrently, each sector being identi­
fied and encoding transmissions according its so-called PN 15
offset. The details of such communications are well-known in 
the art and not discussed further here. 

similarities or differences between the two systems are incor­
porated into their respective signals prior to beiug modulated 
onto their respecl'ive carriers by their respective BTSs (210

and 220 in this example). The DAS head end just splits and 
routes the respective signals to the remote autenna nodes, 
which then transmit the various carrier signals. concurrently. 
Thus, the output of the antenna nodes potentially comprises a 

Signals received from access devices coru1ected via the 
antenua tower 208 are tran.smitted back to the BTS 206 via the 
connection 207. 

Un.like the BTS 206, which supplies the antenna tower 208, 
the BTS 210 is coiu1ected instead to a DAS bead end 222 via 
a digital RF connection 211. The digital connection 211 is the 
same type of signal and physical interface as the coMection 
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
ante1rna nodes 224-1, 224-2, 224-3, ... , 224-N, where N is a
positive integer. As describe in more detail below, the con­
nections 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 down-town locale or village where a
larger anteiuia tower is impractical and/or impermissible
according local zoning ordinances, for instance.

T11e combination of signals then transm.itted from the 
remote nodes 224-1, 224-2, 224-3, ... , 224-N provides the 
same s ignals that would be transmitted from one or more cells 

20 mix of CDMA tec!UJologies, RF carrier frequencies, and cov­
erage area (e.g., cell or sector) configuration. 

FIG. 3 shows a block diagram oft he example configuration 
of the standard DAS architecture that depicts additional 
details, in particular of the DAS head end. It will be appreci-

25 ated, however, that FIG. 3 is nonetheless still a simplified 
rendering of what an actual deployment would look like. ln 
this figu.re, certain network elements have been omined for 
the sake ofbrevity, and other are represented in an abbreviated 
form. As shown, a network 302 of the wireless Service Pro-

30 vider 1 is connected to a BTS 308 via an MSC 304 and a BSC 
306. The BTS comprises an encoder 310 connected to the 
BSC, a11d also connected to an RF module 312 via a link 311.
Input from the BSC comprises baseband signals from the
network delivered on a circuit tnmk, such as a Ti, or the like.

35 The input is encoded according to the particular wireless
protocol employed. For instance, for a system operating
under IS-2000, the input signals are encoded according to 
CDMA according well-known processing metJ1ods and pro­
cedures. The encoded baseband signal is input to the RF 

40 module, which then modulates it to an RF carrier band and 
amplifies it for air interface transmission. The output of the 
RF module is an RF digital-optical signal having a power of 
order of 20 W, which then transmined on a high-power digi-or sectors if they were connected to the BTS 210, but spread 

over a region according to the topological arrangement of the 
nodes and the splitting and routing of the input signals by the 45 
DAS head end (this is discussed further below). Signals 
received from access devices connected via one or more of the 
remote ante1UJa nodes are received at the DAS bead end, 
combined, then transmitted back to the BTS 210 via the 
connection 211, in the same way as in the traditional BTS 

tal-optical link 313 to a DAS head end 314.
In accordance with an example embodiment, the DAS head 

end 314 comprises an RF condil'ioning module 316 coMected 
to electro-optical converters 318-1, 318-2, 318-J, ... , 318-N, 
via low-power RF links 317-1, 317-2, 317-3, ... , 317-N.
Each electro-optical converter is, in tum, coMected to one of 

50 several remote antenna nodes 320-1, 320-2, 320-3, ... , 320-N
via low-power fiber-optic lines 319-1, 319-2, 319-3, . . .  , 
319-N, respectively. Again, hatch marks intem1pting each of
the fiber-optic lines 319 are meant to represent the remoteness
of each l1ode' s location with respect to the DAS head end. The

( e.g., transmissions from the RF module 208 to the BTS 206).
FJG. 2 also illustrates a similar network configuration for 

Service Provider 2. In this case, a MSC 212 is coiu1ected to a 
BSC 214, which in turn is co1UJected to a BTS 216 and a BTS 
220. Siniilarly to the BTS 206, a trddil'ional BTS 216 is 
co1mected to a radio transmission tower 218 via a high-power
digital-RF connection 2]7. Note that for both traditional
BTSs, the BTS units (206 and 216) are typically collocated
with their respective RF transmission towers. As shown, the
BTS 220 coiu1ects to a DAS bead end 222 via a b.igb.-power 
digital radio coMection 213, which again is the same type of
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

55 RF conditioning module 316 receives high-power digital­
optical input from the network (i.e., from one or more BTSs),
and distributes the signal to the remote an1eiu1a nodes via the
electro-optical converters. More specifically, the RF condi­
tfoning module implements one or more forms of splitting of 

60 the input signal such that the resultant signal ponioos each
contain a fraction of the input power. Each lower-power sig­
nal portion is routed to a specific one or more of the electro­
optical converters. Each illustrated electro-optical converter

Provider 2, both service providers can connect to the conrn1on 65
DAS head end and thereby share the same remote antem1a
node access infrastructure.

318 converts its respective input signal 317 to low-power
digital-optical signal for transmission to one of the remote
nodes 320 via one of the fiber optic links 319. The digital-
optical sigual carried on each fiber optic link comprises au 
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optical representation of the RF carrier signal to be transmit­
ted by the receiving remote antenna node. 

The digital-optical signal received by each remote anten.na 
node drives a low-power radio tra11Smit1er in the node, which 
then generates the RF signal for transmission by the antenna. 
The resultant transmission is the RF 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 nerwork 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 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 tum 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 coru1ections between each network and the 
respective BTSs are drawn with horizontal eJlipses to repre­
sent other possible equipment and components that may com­
prise the collllection. 

The explanation above of the connections and operations 
with respect to the BTS 308 and the network 302 applies to 
the networks 322 and 326 as well. The RF conditioning mod­
ule 31'6 splits and routes each input signal according to a 
configuration that applies to that signal and as specified 
according the source wireless service provider. As such, each 
electro-optical link 317 comprises a superposition of RF­
modulated electrical signals, each on a different carrier fre­
quency. Similarly, the output of each electro-optical converter 
comprises a superposition of RF-modulated optical signals at 
the different carrier frequencies. Each ante1rna node then 
transmits the superposition of RF signals on the radio-fre­
quency air interface to wireless access devices operating in 
the aggregate coverage area of the remote nodes. These 
devices are represented by cartoons of cell phones and PDAs, 
and the RF air interfaces are represented by lightn.ing-bolt­
shaped lines from the ante1rna nodes to the devices. 

Ill the reverse direction, RF air interface signals received at 
the remote nodes from wireless access devices are relayed as 
digital-optical RF signals back to the electro-optical convert-

10 

transport between the BTS and the DAS head end (e.g., the 
links 313, 325, and 328 in Lbt: t:xampk of FIG. 3). 

b. Remote Radio Head Architecture
A Network 400 in FlG. 4 illustrates a high-level view of an 

5 implementation of a distributed antenna system according to 
an example configuration of a remote radio head (RRH) 
architecture. As with the example illustrated in FIG. 2, the 
example RRH implementation of the present illustration is 
also shown as providing a common access infrastmcture for 

10 Service Provider 1 and Service Provider 2, although the RRH 
architecture 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. ln this example, 
the BSC 404 is com1ected to a BTS 406, which is a traditional 

15 BTS, having a high-power digital radio cotrnection 407 to au 
antenna tower 408. An RF digital connection 407 again rep­
resents the standard interface between the RF module and the 
radio tower of the traditional BTS. For purposes of illustra­
tion, the BTS 406 is shown to include three sectors, as in the 

20 corresponding example in FIG. 2.

In tbe 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 anten.nas. l11e BBU 422 takes 
baseband signal input directly from the BSC 404 via a base-

25 band digital link 405, then splits and routes the input base­
band signal to one or more remote radio heads 424-2, 424-2, 

424-3, ... , 424-N via low-power digital-optical links 423-2,
423-2, 423-3, ... , 423-N. As in FIGS. 2 and 3, hatch marks
intermpting each of the digital-optical links 423 are meant to

30 represent the remoteness of each node's location with respect 
to the BBU. The digital-optical links 423 represent one or 
more standard interfaces that have been defined as part of an 
industry effort to develop an "open BTS architecmre" 
intended to decentralize BTS arclutecture and! operation. ln 

35 particular, two standard interfaces that have currently been 
defined are the Common Public Radio Interface (CPRI) and 
the Open Base Station Architecture Initiative (OBSAI). Both 
support optical baseband signals in a frequency range of 
roughly 600 Megabits per second (Mbps) to 6 Gigabits per 

40 second (Gbps), and at a power level of a few milliwatts (mW). 
By way of example, the digital-optical links 423 could sup­
port eitl1er or both the CPRI and OBSAI protocols. However, 
other interface protocols could be used for the deploying links 
423. 

Each remote radio head comprises a low-power antenna 
424 and a remote RF module, each of which provides an 
analogous function to the RF module of the traditional RTS, 
but on a smaller scale. As such, the remote RF module takes 
the input baseband signal (e.g., via either a CPRI or OBSAI 

ers on the fiber optic links 319, where they are converted into 45 

digital-electric signals and combined by the RF conditioning 
module 316 for tran�port hack to the ATS 308. When more 
than one BTS and/or RF carrier is cow1ected to the RF con­
ditioning module, as in the present example, the RF condi­
tioning module may de-multiplex the combined signal 
according to the RF carrier ( or some other dist ioctive physical 
criteria or characteristic of the signal), so that each BTS 
receives its proper combined signal from the DAS head end. 

50 interface) and modulates it to a specific carrier band fre­
quency. 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 ante1ma via the same type of high-power While the DAS head eod can allow different service pro­

viders to share common wireless access infrastmcture, each 
input BTS must still incorporate an RF module for converting 

55 digital RF link as that between the RF module of the tradi­
t'ional BTS and the BTS radio tower or DAS bead end. Thus, 
the remote RF module does not eliminate the need for high­
power amplifiers and other high-power components similar to 

a baseband signal from the network to a high-power RF­
modulated passband signal. As noted, the RF module is the 
same BTS component that provides RF input to the radio 
tower/transo.uner of the o:·aditional BIS. Io practical imple- 60 

mentations, the RF module accounts for a significant fraction 
of the cost of a BIS-on the order of 50-70% or more. Thus, 
while the standard DAS architecture achieves common wire-
less access infrastrncture, the resultant cost savings is offset, 
at least partially, by the requirement of an RF module in each 65 

BTS. Further, the ioput to the DAS bead end is limited to 
teclU1ologies that utilize the Lugh-power RF interface for 

those of the RF module of the traditional BTS_ 
FIG. 4 depicts Service Pnivider 2 as having both a cellular 

network with a configuration similar to that of Service Pro­
vider 1, and a native packet network 420.111 this case, an MSC 
412 is connected to a BSC 414, which in nim is connected to 
a traditional BTS 416. The BTS 416 is connected to a radio 
transmission lower 418 via a high-power digital-RF connec­
t'ion 417. As with the BSC 404, the BSC 414 is cow1ected to 
the BBU 422 via a digital baseband link 407, and the BBU 
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switches the input signal according to a fixed routing configu­
ration. By way of example, rrhe switch 510 is counecred to two 
output paths, one to Sector PN-1 of Service Provider 1, and 
the other to Sector PN-2 of Service Provider 1 (wherein 

splits and routes the input baseband signal to one or more 
remoti:: radio beads 424. As i::xplaimx1 below, the BBU does 
not mix signals from the two service providers, so that tbe 
remote radio beads used by the two ( or more) service provid­
ers are different. 

A packet network 420 is also connected to t11e BBU 422 via 
a digital baseband link 421, which could represent an inter­
face defined according to one or more versions of lEEE 
802. JI , for instance. Other protocols could be used as well.
The network 420 could be part of (or connected to) a WiMax 
access network, or the like. As with the other input baseband 
signals, the BBU will split and route the input baseband signal 
421 to one or more remote radio heads 424. Again, the BBU 
does not mix signals from the packet network 420 with either 

5 "Sector PN-1" and "Sector PN-2" are identifying labels for 
the purposes of the present discussion, and not necessarily 
indicative of actual PN offsets). Each output path from the 
switch is connected to a different optical interface 512-1 or 
512-2, a11d each interface is then connected a different remote

JO radio head 516-1 or 516-2, respectively, via a fiber optic link 
509-1 or 509-2, respectively, to a different remote RF module
514-1 and 514-2. Each remote RF module is dedicated to one

of the cellular signals fro1u the BSCs 404 or 414, so that each 15 
input baseband signal is routed to a different one or more of 
the remote radio heads 42:4.

More specifically, because the remote RF module of a 
remote radio head converts an input baseband signal to a 
particular RF carrier, the remote radio head carmot transmit a 20 

superposition of different RF bands. Consequently, the RRH 
architecture does not support n1ixiog input baseband signals 
of different transport teclmologies or baseba1Jd sig1Jals that 
are to be modulated to different RF carriers. Thus, the routing 
carried out by the BBU of baseband signals input from the 25 

network is fixed according to the input source network. This 
limitation is indicated conceptually by the notations in FIG. 4
specifying the service providers and technologies associated 
with each remote radio head. For example, the remote radio 
beads 424-1 and 424-2 are labeled as being associated with 30 

CDMA from Service Provider 1 only. Further, the remote 
radio head 424-3 is labeled as being associated with WiMax 
from Service Provider 2 only, while the radio head 424-N is 
labeled as being associated with GSM from Service Provider 
2 only. Other combinations of access and transport technolo- 35

gies could be used as well. 
FJG. 5 shows a block diagram of the example configuration 

of the RRH architecture that depicts additional details, in 
particular of the BBU. As with FIG. 3, certain network ele­
ments have been omitted for the sake of brevity, and others are 40 

represented in an abbreviated form. By way of example, three 
service providers are included in FIG. 5. A network 502 of 
Wireless Service Provider 1 is co1mected to a BSC 506 via an 
MSC 504. Digital baseband output signals from the BSC 506
are then transmitted via a digital interface 507 to a BBU 508 45 
(labeled "Baseband Unit 1"). A network 518 ofWiMax Ser­
vice Provider 2 is connected to a router 520, which in n1rn is 
connected to a BBU 522 (labeled "Baseband Unit 2") via a 
digital baseband interface 521. The horizontal ellipses in the 
connection between the network 518 and the router 520 rep- 50 
resent the possible presence of other packet routing/process­
ing components in the connection path. A network 526 of 
Wireless Service Provider K is cOJmected to a BSC 528,
which in tum is connected to a BBU 530 (labeled "Baseband 
Unit K") via a digital baseband interface 529. Again, hori- 55 

zontal ellipses in the connection between the network 526 and 
the BSC 528 represent the possible presence of other trans­
port elements in the connection path. 

The configuration depicted of the three service providers in 
FIG. 5 illustrates the limitations of the RRH arcllitecnire with 60 

respect to combining signals and transport technologies 
within a co11ID1on access infrastrucn1re. In particular, the 
single baseband unit 422 in FIG. 4 is now shown in FIG. 5 to 
be three separate BBUs 508, 522, and 530. Each BBU 
includes elements for splitting and routing the input digital 65 

baseband signal to dedicated remote radio beads. More spe­
cifically, the BBU 508 includes a switch 510 that splits or 

of the remote radio heads.
The baseband unit 522 includes a switch 524 that routes 

output to an optical interface 512-3, which is then cotmected 
to a remote radio head 516-3 via a fiber optic !:ink 509-3 to a 
remote RF module 514-3. Similarly, the BBU 530 includes a 
switch 532 that routes output to an optical interface 512-N, 
which is then com1ected to a remote radio bead 516-N via a 
fiber 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 RF 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 BBUs 522
and 530 is for purposes of illustration only. In practice each
BBU might support up to a particular muuber ( e.g., 16 or 24)
of remote radio heads.

As in FIG. 4, the fiber optic links 509 could support CPRJ 
or OBSAI, as well as possibly other standard protocols for an 
open BTS architecntre. For example, the BBU 508 might 
support CPR!, while the other two BBUs might support 
OBSAI. Other arrangements are possible as well. Io 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 infrastmctme might be 
achieved by configuring several single-unit BBUs in a com­
mon 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 among 
different service providers, different access technologies 
(e.g., CDMA, GSM, WiMax, etc.), or different RF carriers. 

In spite oftbe configmation limitations of the RRH archi­
tect11re, it still has the ability to provide access in locations 
where a traditional BTS cannot, for one reason or another, be 
deployed. Moreover, the cost of a BBU can be significantly 
less than that ofa traditional RTS, especially because the need 
for a large RF module is obviated. However, some of the cost 
advantage may be offset by the requirement of a dedicated 
remote RF module associate with (or part of) each remote 
radio bead. While the cost of a remote RF module is less than 
that of an RF module in a traditional BTS, it is still a fairly 
high fraction of the total cost of a remote radio head. ln 
additio1l, since each RRH includes (or requires) a remote RF 
module, the total cost of remote RF modules scales with the 
mm1ber of remote radio heads deployed. 
2. Flexible DAS

Various embodiments oftbe present system provide one or
more implementations of a :flexible DAS head end that incor­
porates advantageous aspects ofhotb the standard DAS arcl:u­
tecture and of the RRH architecture, while at the same time 
overcoming limitations ofeach 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 tenns of an apparatl!.IS and subse­
quently in tenns ofa method. ]t will be appreciated :from the 
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following discussion that the method largely provides an 
opt:ralional rt:prt:si::nlalion of Lht: apparatu�. 

a. Apparatus 

14 

via low-power RF links 611-1, 611-2, 611-3, .. . , and 611-N. 
The v,irjous vertical ellip�e:; in the Oi::xiblt: DAS head end 
represent possibly additional elements of the type spaimed by 
the ellipses. 

The RF conditioning module 608 fimction,s sintilarly to 
that in the standard DAS head end shown in FIG. 3, except 
that the RF conditiorung module 608 has additional coJ.lllec­
tions to the low-power RF modules 610. Thus, in addition to 
being co1mected to lligh-power digital-RF lines 605 and 619, 

FlG. 6 depicts an example embodiment of a flexible DAS 
head end apparatus that advantageously provides a trne, com- 5 
mon wireless access infrastrncture that can be shared concur­
rently among multiple service providers, multiple transport 
technologies, multiple RF carriers, and multiple network-side 
interface protocols. The particular number and types of ser­
vice providers and the particular configuration of remote 
antenua nodes shown in FIG. 6 are intended to illustrate the 
example embodiment, and should not be viewed as limiting 
with respect to the present invention or embodiments thereof. 

10 the RF conditiorung module 608 receives lower-power rugital 
RF signals from the low-power RF modules via the low­
power digital-RF 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 As with FIGS. 3 and 5, certain network elements have been 

on1jtted from FlG. 6 for the sake of brevity, and others are 
represented in an abbreviated form. 

FIG. 6 shows four ofK service providers, Wireless Service 
Provider 1, Wireless Service Provider 2, Wireless Service 
Provider 3, and WiMax Service Provider K, wherein vertical 
ellipses between Wireless Service Provider 3 and WiMax 
Service Provider K indicate possibly other service providers 
that share the common flexible DAS in.frastrncture. Jn the 
example deployment shown, a network 602 of Wireless Ser­
vice Provider 1 is connected to a flexible DAS head end 606 
by way of a BTS 604 and an interface 605 between the BTS 
and the flexible DAS head end. Sintilarly, a network 616 of 
Wireless Service Provider 2 is coJ.lllected 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 represent a high-power digital-RF 
com1ection such as those discussed above (e.g., link 217 in 
FJG. 2). 1l1e vertical ellipses below the BTS 618 and the link 
619 represent other possible cellular network coJ.lllections 
between the network 616 and the flexible DAS head end. The 
horizontal ellipses between each of the networks and their 
respective BTSs again represent other possible transport ele­
ments in the coJ.lllection path. 

Continuing with the description ofFIG. 6, a network 620 of 
Wireless Service Provider 3 is coJ.lllected to the flexible DAS 
head end 606 by way ofa baseband unit 622 and three fiber 
optic I.inks 623, 625, and 627 between the BBU and the 
flexible DAS head end. Whlle the baseband urut 622 is 
depicted as a single block in FIG. 6, in practice it will com­
prisedements similar to those of the BB Us 508,522, and 530 

15 nodes 614-1, 614-2, 614-3, ... , 614-N in a manner similar to 
that described in collllection with the standard DAS shown in 
FIG. 3. Thus, the low-power RF links 611-1, 611-2, 
611-3, ... , and 611-N are converted by the electro-optical
converters 612 to low-power optical-digital signals that carry

20 the RF signals to the remote antenna nodes. 
Because the input digital-optical signals from the BBU are 

modulated to appropriate Rf carriers before being supplied to 
the RF conditioning module 608, the flexible DAS head end is 
advantageously able to concurrently apply the splitting, mix-

25 ing, and routing to signals from the BTSs and the BBUs. The 
signals are then supplied to the array of remote antennas 614 
and transmitted on their respective air interfaces to wireless 
access devices operating in the coverage area defined by the 
array. As a result, the flexible DAS head end achieves the 

30 broadest range of versatility of transport technologies on 
multiple RF carriers for multiple service providers, all on a 
commonly-shared access infrastmctu.re. Moreover, the flex­
ible DAS head end uses low-power RF modules to convert the 
baseband signals from BBUs to RF passband signals, thereby 

35 eliminating the need for the costly remote RF modules of the 
RRH arcrutecture. Further, wrule inclusion of the low-power 
RF modules in the flexible DAS head end makes it generally 
more expensive to coustmct than the standard DAS head end, 
the low-power RF modules can typically be acquired or built 

40 at a fraction of the cost of the remote RF modules of the RRH 
solution. Thus, takjng into account the increased versatility of 
the flexible DAS head and especially its ability to be trnly 
shared among service providers, the flexible DAS head end is 
ultimately a lower-cost solution than either the standard DAS 

45 architecn1re or the RRH architecture. in FIG. 5, for example. Further, the configuration of three 
fiber optic links between the BBU 622 and the flexible DAS 
head end 606 serves as an example, and more or fewer con­
necrious could be used. Simjlarly a network 624 of WiMax 
Service Provider K is connected to the flexible DAS head end 
606 by way of a baseband unit 626 and one fiber optic link 629 50 
between the BBU and the flexible DAS head end. Again, the 
BBU 626 is depicted without any internal details, and the 
depiction of a single fiber optic link 629 is just an example. 
The fiber optic links 623, 625, 627, and 629 could each 
support CPRI or OBSAl (or some other staudard protocol). 55 
Once more, ellipses in the co1U1ection path between the net­
works and the respective BBUs represent other possible 
transport elements. 

In the reverse direction, from the wireless access devices to 
the network, signals received at the RF conditioning module 
are de-multiplexed to the appropriate destinations in much the 
same manner as either of the standard DAS bead end or the 
BBUs io the RRH arcl1itect11re. 

The RF conditio11ing module 608 in the flexible DAS head 
end 606 may be implemented in a variety of ways, and with 
varying levels of sophistication of switching and routing 
functionality. l.n a simple fonn, the RF conditio1ung module 
could be arranged to split incommg signals fr.om BTSs and
BBUs into a number of signal portions, and then superpose 
particular signal portions on particular digital-electrical links 
611 according to a static configuration. The splitting and 
static superposition configurations could be implemented 
using simple (e.g., passive) spliners and combiners with 
inputs and outputs appropriately coJ.lllected. 

In accordance with an example embodiment, the flexible 
DAS head end 606 comprises an RF conditioning module 60 

608, up to M low-power RF modules 610-1, 610-2, 
610-3, ... , and 610-M, and up to N electro-optical converters
612-1, 612-2, 612-3, . .. , and 612-N. The low-power RF
modules 610 are connected to the RF conditioning module by
low-power digital-RF !in.ks 609-1, 609-2, 609-3, . . .  , and 65

609-M, respectively. Also as shown, the RF conditioiling
module 608 is COJU1ected to the electro-optical converters 612

A more complex form of the RF conditiorung module 
could be implemented as a matrix of inputs and outputs that 
could be connected accorrung to a desired routing of input RF 
signals to remote antenna nodes. 1l1e logical design of such a 
matrix could be simjlar to that of a switching fabric used in a 
circuit-switched network, for example. Con.figuring such a 
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matrix could comprise a semi-static provisioning of inputs to 
outpul:s, or even encumpa�s dynamic fun.;lionalily for pur­
poses of load balancing. For instance, by monitoring tbe 
traffic load ( e.g., the number of wireless access devices) on 
each antenna node, the RF conditioning matrix could periodi- 5 
cally or continually adjust the amount of transmission power 
delivered to the antelllla nodes on their respective digital­
optical links 613. 

In an alternal"ive embodiment of the flexible DAS bead end, 
an increased degree of sophistication can be introduced into 10 

load balancing and other dynamic adjustments of switching 
and routing through the addition of a smart autenna interface. 
An example of such an alternative embodiment is shown in an 
apparan,s in FIG. 7. The :flexible DAS head end 704 in this 
figure is largely identical to that in FlG. 6 except for tbe 15 
inclusion of a smart antenna interface 706 that is collllected to 
a RF conditioning module 708 by way of a control line 707. In 
addition, the smart antenna interface is connected to each 
network input source (BTS and/or BBU), as explained below. 
For co1wenience in comp•aring FIGS. 6 and 7, like compo- 20 

neots in are labeled with like numbers, except for tbe leading 
number (e.g., low-power RF module 610-1 in FJG. 6 corre­
sponds to low-power Rf module 710-1 in FJG. 7). For com­
ponents in FIG. 7 that are not explicitly discussed below, the 
discussion of the corresponding components in FIG. 6 apply. 25 

In FIG. 7, individual service providers are omitted for the 
sake of brevity, and only BTSs or BBUs are shown, each 
representing a co1u1ection to a service provider's network. 
Specifically, the BTSs 702 and 716 are connected to the RF 
conditioning module 708 of the flexible DAS head end 704 30 

via high-power digital-RF links 705 and 717, respectively. 
Also as shown, a BBU 718 is connected to the RF condition­
ing module via fiber optic links 719, 721, and 723, while a 
BBU 720 in co1mected to tl1e RF conditioning module via a 
fiber optic link 725. Each fiber optic link could, again, support 35

interfaces compliant with CPRI or OBSAI (or some other 
similar protocol). 

TI1e 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 allow 40 

the smart antenna interface to send traffic and load informa­
tion regarding the remote antenna nodes to the BTS. The BTS 
can then adjust transmission power to its various sectors, 
which in n1m affect how power is distributed to the remote 
nodes. A control line 729 supports the same function between 45 
the smart antenna interface 706 and the BTS 716. Similarly, 
cont-ml lines 73·1 and 733 support this function for the RA1Js 
718 and 720, respectively. 

In addition to allowing the network signal source (BTS 
and/or BBU) adjust power to sectors or other fonns of cov- 50 
erage areas, the smart ante1u1a interface can be arranged to 
take input control commands that cause it to adjust load 
balanc:ing by the RF conditioning module via the control line 
707. T he ability of make such dynamic adjustments are sup­
ported by a dynamically adjustable RF conditioning matrix. 55 

It will be appreciated that the embodiments of the flexible 
DAS head end illustrated by way of example in FIGS. 6 and 
7 can include other components in addition to the RF condi­
tioning module, low-power RF modules, electro-optical con­
ve1ters, and smart aJ)te1u1a inte1face discussed above. In pru·- 60 

ticular, each could include one or more general-purpose and/ 
or special-purpose computer processors, as represented by 
processor 630 in FIG. 6 and processor734 in FIG. 7; machine 
logic executable by the one or more computer processors to 
carry out the fonctions, steps, and procedures of the various 65 

embodiments described herein, as represented by logic 632 in 
FIG. 6 and logic 736 in FIG. 7; and one or more conunun.i-

16 

cative connections between the one or more processors and 
other wmponenl� of the flexible DAS bead end, as repre­
sented by bus 634 in FIG. 6 and bus 738 in FIG. 7. Moreover, 
it would be understood by one of skill in the art how to 
integrate the elements and components illustrated by way of 
exrunple in FIGS. 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 a combination of one or more inte­
grated and/or distributed computing platforms, -each compris­
ing one or more general-purpose and/or special-purpose com­
puter processors, one or more forms of computer-readable 
storage ( e.g., disks drives, random access memory, etc.), one 
or more corrunml.ication interfaces for interconnection 
between elements and the network, and operable to transnl.it 
and receive the communications and messages described 
herein, and one or more forms of machine logic executable by 
the one or more computer processors to carry out the func­
tions, steps, and procedures of the various embodiments of 
the present invention described herein. It will further be 
appreciated that tbe machine logic could take the form of 
computer software programs and related data ( e.g., machine­
language instrnctions and program and user data) stored in 
the one or more forms of computer-readable storage (not 
explicitly shown in FIGS. 6 and 7), hardware-based logic, 
firmware logic, or any combination thereof. 

The flexible DAS head end could also include one or more 
signal amplifiers, digital signal processors, digital to analog 
converters, and analog to digital converters, any or all of 
which could operate on and/or process electrical, RF, or opti­
cal physical signals. 

b. Method
An example embodiment of a method of operation of a

flexible DAS head end is illustrated in tl1e form of a flowchart 
in FIG. 8. By way ofexamp[e, the illustrated method could be 
implemented and carried out by either or both oftbe example 
flexible DAS head end apparatuses depicted in FIGS. 6 and 7. 

At step 802, the RF conditioning module receives a respec­
tive input digital RF physical signal via each of one or more of 
a plurality of first physical interfaces associated with the RF 
conditioning module. Referring back to FIGS. 6 and 7, the 
first physical interfaces correspond to the points of connec­
tion at the RF conditioning module of high-power digital-RF 
links 605,619 (FIGS. 6) and 705, 717 (FIG. 7) from BTSs in 
wireless service provider networks. The first physical inter­
faces also correspond to tb.e points of connection at the RF 
conditioning module of the low-power digital-RF links 609-
1, 609-2, 609-3, . . .  , and 609-M (FIG. 6) and low-power 
digital-RF links 709-1, 709-2, 709-3, ... ,and 709-M (FIG. 7) 

from the respective low-power RF modules shown in the 
figures. More generally, at least one of the plurality of first 
physical interfaces is taken to be configured to receive an 
input digital RF physical signal from a BTS device in a 
wireless service provider network that operates according to 
a CD!v1A 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 (pass­
band). 

At step 804, the Rf conditioning module splits each 
received respective input digital RF physical signal into a 
respective number of duplicate signals. Again referring to 
FIGS. 6 and 7, the flexible DAS head end apparatus 606 (FIG. 
6) or 704 (FIG. 7) is configured to be connected to an array or
remote antelllla nodes (614 in FIG. 6 and 714 in FIG. 7) 

comprising a number of ante,ma nodes ("N" in each figure).
ln accordance with the example embodinient, tbe RF condi­
tioning module will split each received respective input digi-
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ta! RF physical signal into a munber ofduplicate signals that 
equals the number ofanltmna node�. 

At step 806, the RF conditioning module combines par­
ticular duplicate signals selected from among each of the 
respective number of duplicate signals into one or more 5 

superposition RF signals. In accordance with the example 
embodiment, the number of superposition RF signals will 
equal the number of antenna nodes, and each superposition 
RF signal will include one duplicate signal from each of the 
split input digital RF physical signals. As such, each super- 10 

position RF signal will include a number of superposition 
signal elements equal to the numberofinput digital RF physi-
cal signals. For example, if there are five input digital RF 
physical signals and 10 ante1ma nodes, each of the five input 
digital RF physical signals will be split into JO duplicate 15 
signals, and 10 superposition RF signals will be constrncted, 
each including five superposition signal elements. 

Ill further accordance with the example embodiment, each 
input digital RF 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 RF carrier frequency than 
every other set of duplicate signals corresponding to a differ-
ent input digital RF physical signal. With this arrangement, 
the superposition signal elements of each superposition RF 25 

signal will occupy different passbands, and each superposi­
tion RF signal will therefore carry non-interfering superpo­
sition elements. It will be appreciated that other splitting and 
superposition schemes could be used. For example, some 
superposition signals could include superposition signal ele- 30 

ments from each input digital RF physical signal, while others 
might include superposition signal elements from only a sub-
set of all of the input digital RF physical signals. 

At step 808, the RF conditioning module routes and trans­
mits the one or more superposition RF signals generated at 35 

step 806 to the array of remote ante1ma nodes. Referring once 
more to FIGS. 6 and 7, the flexible DAS head end includes a 
plurality of electro-optical converters (612 in FIG. 6 and 712 
in FIG. 7) each being connected to the RF conditioning mod­
ule via one of a plurality ofth.ird physical interfaces of the RF 40 

conditioning module. Also as discussed, each given electro­
optical converter is configured to be connected to one of the 
autem1a nodes via a respective fourth physical interface of the 
given electro-optical converter (the fourth physical interface
of each electro-optical converter corresponding to the point of 45 

connection at the converter to a respective antenna node). In 
accordance with the example embodiment, the RF condition­
ing module will route and transmit the one or more superpo­
sition RF signals to the array of remote antenna nodes by 
routing and sending each of the one or more superposition RF 50 
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 RF signals from the RF 
conditioning module at each electro-optical converter. In for- 55 

ther accordance with the example method, each of the one or 
more of the plurality of 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 60 

transmit the optical superposition RF signal to the antenna 
node of the array of remote ante1ma nodes via an associated 
respective fourth physical interface. 

As discussed above, the flexible DAS head end also com­
prises one or more low-power RF modules. In accordance 65 

with tbe example embodiment, each low-power RF module 
includes a respective second interface that is configured to 

18 

operate according to either or both CPR] or OBSAJ, and to be 
connected to a BBU device in a wireless service provider 
network. At step 810, each of one or more of the one or more 
low-power RF modules receives a respective baseband digital 
optical signal via its respective second physical interface. 
Thus, receiving a respective baseband digital optical signal at 
a given low-power RF module comprises the given module 
receiving the baseband digital optical signal from a BBU 
device via the given module's respective second physical 
interface. 

At step 812, each of the one or more of the one or more 
low-power RF modules modulates the received respective 
baseband digital optical signal to a respective RF passband 
signal. In accordance with the example embodiment, each 
low-power RF module that receives a respective baseband 
digital optical signal will modulate the received signal to a 
different passband (i.e., a different carrier frequency). 

Finally, at step 814, each of the one or more of the one or 
more low-power RF modules sends the respective RF pass­
band signal to tbe RF conditioning module via a conumm.i­
cative conuection to the one of the plurality of first physical 
interfaces as one of the respective input digital RF physical 
signals. Thus, in accordance with the example· embodiment, 
at least one of the input digital RF physical signals received at 
the RF conditioning module at step 802 corresponds to an RF 
passband signal output from a low-power RF module. As 
noted above, the c01mections from the low-power RF mod­
ules to the plurality offirst :interfaces oftbe RF conditioning
module correspond to the low-power digital-RF links 609 in 
FJG. 6 and low-power digital-RF links 709 in FIG. 7. 

Although it is not explicitly depicted in the flowchart of 
FIG. 8, the method could further comprise aspects related to 
the smart antenna interface of the embodiment of the appa­
ratus illustrated in FIG. 7. Specifically, the method could 
further comprise receiving at the smart ante1ma interface traf­
fic load information from either or both of a BTS device and 
the BBU device, and then causing the RF cond!itioning mod­
ule to adjust a distribution of transmission power applied to 
the one or more superposition RF signals that the RF condi­
tioning module routes and transmits to the array of remote 
anteruia nodes. As such, this aspect of the method describes 
the operation of load-balancing via the smart antenna inter­
face. 

The method could also include aspects related to receiving 
and processing signals in the reverse direction from the 
antenna nodes, again not shown in FIG. 8. Specifically, 
reverse direction operation could include: at the RF condi­
tioning module, receiving respective reverse superposition 
RF 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 
RF signals into a one or more respective reverse passband 
signals; and at the RF conditioning module, routing and trans­
mitting each of the one or more 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 FIG. 8, the terms "first" and "second" 
as applied to "interfaces" are used as identifyiJ1g 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 FIG. 8 are shown by way of 
example, and that additional and/or alternative steps or alter­
native ordering of steps could be carried out and still remain 
witl:tin the scope and spirit oftbe present invention or embodi­
ments thereof. 
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3. Conclusion
An example ufan embodimtml uflhe prt:St:nl invention has

been described above. Those skilled in the art will under-
stand, however, that changes and modifications may be made 
to the embodiment described without departing from the trne 5 
scope and spirit of the invention, which is defined by the 
claims. 

What is claimed: 

20 

deconstmct each of the received respective superposition 
RF signals into a one or more respective reverse pass­
band 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 BIS device, and the BBU 
device. 

1. An apparatus comprising:
a radio frequency (RF) conditioning module having a plu­

rality offirst physical interfaces and bei11g configured to: 
receive respective input digital RF physical signals via at 

least two of the plurality of first physical interfaces, 

7. The apparan1s of claim 1, wherein the array of remote
10 antenna nodes comprises a number of antenna nodes, 

wherein the respective input digital RF physical sig­
nals include a plurality of RF base transceiver station 15 
(BTS) signals, 

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

split each received respective input digital RF physical 
signal into a number of duplicate signals that equals the 
number of antem1a nodes. 

8. 1l1e apparatus of claim 7, wherein the RF conditioning

split each received respective input digital RF 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 RF signals, 

and route and transmit the one or more superposition RF 
signals to an array of remote antenna nodes to which 
the apparanis is configured to be communicatively 
coupled; and 

20 module is configured to combine particular duplicate signals 
selected from among each oftbe respective number of dupli­
cate siguals into one or more superposition RF signals by 
being configured to: 

one or more low-powe;r RF modules each having a com­
municative com1ection to a respective one of the plural-
ity of first physical interfaces, and each configured to: 
receive respective baseband digital optical signals via a 

25 
combine one of the number of duplicate signals from each 

split respective input digital RF physical signal into each 
of a number of superposition RF signals, wherein the 
number of superposition RF signals equals the number 
of antenna nodes. 

9. The apparatus of claim 1, further comprising a plurality
respective second physical interface, wherein the 
respective baseband digital optical signals include a 
plurality of baseband signals in a baseband frequency 
range, 

30 of electrooptical converters each having a communicative 
connection to one of a plurality of third physical interfaces of 
the RF conditioning module, and each given electro-optical 
converter of the plurality of electro-optical converters being 

modulate the received respective baseband digital opti­
cal signal to a respective RF passband signal, 

and send the respective RF passband signal to the RF 
conditioning module via the collllllunicative connec­
tion to the one of the plurality of first physical inter­
faces as one of the respective input digital RF physical 
signals. 

35
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configured to: 
receive one of the one or more superposition RF signals 

from the RF conditioning module; 
convert the received one of the one or more superposition 

RF signals into an optical superposition RF signal; and 
transmit the optical superposition RF signal to an antenna 

node of the array of remote antenna nodes via a respec­
tive fourth physical interface oftbe given electro-optical 
converter that is config11red for communication with the 
antemm node. 

2. The apparatus of claim 1, wherein at least one of the
plurality of first physical interfaces is configured to receive an 
input digital RF physical signal from a base transceiver sta­
tion (BTS) device in a wireless service provider network that 
operates according to a CDMA family of protocols. 

3. The apparatus of claim 2, wherein the input digital RF
physical signal from the ATS device is a passhand signal. 

10. Tbe apparatus of claim 9, wherein the RF conditioning
45 module is configured to route and transmit the one or more 

superposition RF signals to the array of remote antemia nodes 
hy heing configured to: 

4. TI1e apparatus of claim 2, wherein the respective second 
physical interface is configured to receive a digital signal 
from at least one of a base station controller in a wireless 50 
service provider network and a network routing device in a 
wireless service provider network. 

5. The apparatus of claim 4, further comprising a smart
antenna interface having a conu:mmicative connection with 
the RF conditioning module and being configured to: 

receive traffic load information from at least one oft be BTS 
device and the BBU device; and 

55 

based on the received traffic load infonnation, cause the RF 
conditioning module to adjust a distribution of transmis­
sion power applied to the ooe or more superpositioo RF 60 

signals that the RF conditioning module routes and 
transmits to the array of remote antemia nodes. 

6. The apparatus of claim 4, wherein the RF conditioning
module is further configured to: 

receive respective reverse superposition RF signals from 65

oue or more remote antenna nodes of the array of 
aotemia nodes; 

route and send each of the one or more superposition RF 
signals to one of the plurality of electro-optical convert­
ers via one of the plurality of third physical interfaces. 

11. Au apparatus comprising:
a radio frequency (RF) conditioning module having a plu­

rality of first physical interfaces; 
one or more low-power RF modules each having a com­

municative connection to one of the plurality of first 
physical interfaces; 

a processor; and 
machine logic executable by the processor to cause the 

apparatus to: 
receive respective input digital RF physical signals via at 

least two of the plurality of first physical interfaces of 
the RF conditioning module, wherein the respective 
input digital RF physical signals include a plurality of 
RF base transceiver station (BIS) signals, 

at the RF conditioning module, split each received 
respective input digitaI RF physical signal into a 
respective number of duplicate siguals, 

Ericsson, Inc. v. Dali Wireless 
Ex - 1018 p.000019Page 19 CommScope v. Dali Wireless 

CommScope Exhibit 1018



US 8,588,614 B2 

21 

at the RF conditio11ing module, combine particular 
duplicate signals selected from among each of the 
respective number of duplicate signals into one or 
more superposition RF signals, 

at the RF conditioning module, route and transmit the 5 
one or more superposition RF signals to an array of 
remote antenna nodes to which the apparatus is con­
figured to be communicatively coupled, 

22 

at a given one of the plurality of electro-optical converters, 
receive oue of the oue or morn superpo�ition RF signals 
from the RF conditionjng module; 

at the given one of the plurality of electro-optical convert­
ers, convert the received one of the one or more super­
position RF signals into an optical superposition RF 
signal; and 

at the given one of the plurality of electro-optical convert­
ers, transmit tbe optical superposition RF signal to au 
antenna node of the array of remote antenna nodes via a 
respective fourth physical interface of the given one of 
tbe electro-optical converters that is configured for com­
mtu:i.ication with the a11te1u1a node. 

at a given one oftheone or more low-power RF modules, 
receive baseband digital optical signals via a respec- JO 
live second physical interface, wherein the baseband 
digital optical signals include a plurality of baseband 
signals in a baseband frequency range, 18. The apparatus of claim 11, wherein the machine logic is

15 at least one of (i) software instmctions stored in machine 
readable memory accessible by the processor, (ii) hardware 
logic, and (iii) firmware logic. 

at the given one of the one or more low-power RF mod­
ules, modulate the received respective baseband digi­
tal optical signals to an RF passband signal, 

aud at the given one of the one or more low-power RF 
modules, send the RF passband signal to the RF con­
ditioning module via the communicative connection 
to the one of the plurality offirst physical interfaces as 
one of the respective input digital RF physical signals. 

19. In an apparatus comprising (i) a radio frequency (RF) 
conditio1:i.ing module having a plurality of first physical inter-

20 faces and (ii) one or more lowpower RF modules each having 
a communicative co1rnectiou to oue of the plurality of first 
physical interfaces, a method comprising: 

12. The apparatl1S of claim 11, wherein at least one of the
plurality of first physical interfaces is configured to receive an 
input digital RF physical signal from a base transceiver sta- 25 

tion (BTS) device in a wireless service provider network that 
operates according to a CDMA family of protocols. 

13. The apparan1s of claim 12, wherein the input digital RF 
physical signal from the BTS device is a passband signal. 

14. The apparatus of claim 12, wherein the second physical 30 

interface is configured to receive a digital signal from at least 
one of a base station controller in a wireless service provider 
network and a network routing device in a wireless service 
provider network. 

15. The apparan1s of claim 14, forther comprising a smart 35
antenna interface having a communicative connection with 
the RF conditioning module, 

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

at the smart antem1a interface, receive traffic load infonna- 40 

tion 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, calllse the RF conditioning module to 
adjust a distribution of transmission power applied to the 45 

one or more superposition RF signals that the RF con­
ditioning module routes and transmits to the array of 
remote antenna nodes. 

16. The apparatus of claim 14, wherein the machine logic is
executable by the processor to further cause the apparatus to: 50 

at the RF conditioning .module, receive respective reverse 
superposition RF signals from one or more remote 
a11temia nodes of the array of antenna nodes; 

at the RF conditio11ing module, deconstrnct each of the 
received respective superposition RF signals into a one 55 
or more respective reverse passband signals; and 

at the RF conditioning module, receiving respective input 
digital RF physical signals via at least two of the plural­
ity of first physical interfaces, wherein the respective 
input digital RF physical signals include a plurality of 
RF base transceiver station (BTS) signals; 

at the RF conditioning module, splitting each received 
respective input digital RF physical signal into a respec­
tive number of duplicate signals; 

at the RF conditioning module, combiniug particular 
duplicate signals selected from 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 co=u-
1:i.icatively coupled; 

at a given one or more of the one or more low-power RF 
modules, receiving respective baseband digital optical 
signals via a respective second physical interface, 
wherein the respective baseband digital optical signals 
include a plurality of baseband signals in a baseband 
frequency range; 

at the given one or more of the one or more low-power RF 
modules, modulating the received respective baseband 
digital optical signals to a respective RF passband sig­
nal; and 

at the given one or more of the one or more low-power RF 
modules, sending the respective RF passband signal to 
tbe RF conditioning module via the communicative con­
nection to the one of the plurality of first physical inter­
faces as one of the respective input digital RF physical 
signals. 

20. The method of claim 19, wherein receiving the respec-
tive input digital RF physical signals via tbe at least two oft he 
plurality of first physical interfaces comprises receiving at 
least one input digital RF physical signal from a base trans­
ceiver station (BTS) device in a wireless service provider 

at the RF conditio1:i.ing module, route and transmit each of 
the one or more respective reverse passband signals to a 
respective destinatio.n, wherein the respective destina­
tion is selected frolll the group consisting of the BTS 
device, and the BBU device. 

60 network that operates accol'ding to a CDMA family of pro­
tocols. 

17. The apparatus of claim 11, further comprising a plural-
ity of electrooptical converters each having a communicative 
connection to one of a plurality of third physical interfaces of 
the RF conditioning module, 

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

65 

21. The method of claim 20, wherein the at least one input
digital RF physical signal from the BTS device is a passband 
signal. 

22. Tbe method of claim 20, wherein receiving the respec­
tive baseband digital optical signal via the respective second 
physical interface comprises receiving a digital signal from at 
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least one of a base station controller in a wireless service 
provider network and a network routing device in a wireless 
service provider network. 

23. The method of claim 22, wherein the apparatus further
comprises a smart antenna interface having a communicative 5 
connection with the RF conditioning module, 

:ind wherein the method further comprises: 
at the smart antenna interface, receiving traffic load infor­

mation from at least one oftbe BTS device and the BBU 
device; and 

at the smart antenna interface, based on the received traffic '
0

load information, causing the RF 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. 

15 

24. The method of claim 22, further comprising:
at the RF conditioning module, receiving respective

rcwrse superposition RF signals from one or more 
remote antenna nodes of the array of antenna nodes; 

20 

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

at the RF conditioning module, routing and transmitting 
e�ch of the one or more respective reverse passband 25 
s.'gnals t? a �s�ctive destination, wherein the respec­
tive destination 1s selected from the group consisting of 
the BTS device, and the BBU device. 

25. The method of claim 19, wherein the array of rnmote
antemia nodes comprises a number of antenna nodes, 

30 

and wherein splitting each received respective input digital 
RF physical signal into the respective number of dupli­
cate signals comprises: 

spli_t1ing �ch received respective input digital RF physical
signal mto a number of ctnplicate signals tbat equals the 
number of antenna nodes. 

24 

26. The method of claim 25, wherein combining the par­
ticular duplicate signals selected from among each of the 
respective number of duplicate signals into the one or more 
superposition RF signals comprises: 

combining one of the number of duplicate signals from 
each split respective input digital RF physical signal into 
each of a number of superposition RF signals, wherein 
the number of superposition RF signals equals the num­
ber of antenna nodes. 

27. The method of claim 19, wherein the apparatus further
comprises a plurality of electro-optical converters each hav­
ing a communicative connection to one of a plurality of third 
physical interfaces of the RF conditioning module, 

and wherein the method further comprises: 
at each of one or more of the plurality of electro-optical 

c_onverte�, receiving one of the one or more superposi­
tion RF signals from tbe RF conditioning module; 

at each of the one or more of the plurality of electro-optical 
converters, converting the received one of the one or 
n��re superposition RF signals into an op,tical superpo­
s1t1on RF signal; and 

at each oftbe one or more of the plurality of electro-optical 
converters, transmitting the optical superposition RF 
signal to an antem1a 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 

. 28. The method of claim 27, wherein routing and transmit­
tmg the one or more superposition RF signals to an array of 
remote antenna nodes comprises: 

routing and sending each oft be 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 physi­
cal interfaces. 

• * • • * 
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