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FLEXIBLE DISTRIBUTED ANTENNA 
SYSTEM 

RELATED APPLICATION 

[0001] This Application claims the benefit of priority to 
U.S. Provisional Application 61/180,462 filed May 22, 2009, 
which is hereby incorporated by reference herein. 

BACKGROUND 

[0002] A wireless communication system typically pro
vides one or more forms of wireless access to mobile access 
devices, enabling them to engage in voice and data commu
nications with other devices-both wired and wireless--op
erating in or connected to the system, and to 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 gen
erally traverses a radio frequency (RF) air 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 prima
rily circuit voice communications, providing interconnectiv
ity with other MSCs and PSTN switches, for example. The 
PDSN supports packet data communications, providing inter
connectivity with packet-data networks, such as the Internet, 
via other packet-data switches and routers. 
[0003] 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) 
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 
moves about within the wireless system, it may hand off from 
one cell (or other form of coverage area) to another. Handoff 
is usually triggered by the RAN as it monitors the operating 
conditions of the mobile device by way of one or more signal 
power levels reported by the device to the RAN. 
[0004] 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 topolo
gies and technologies for coverage has become increasingly 
important. At the same time, alternative methods of wireless 
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 different types of wireless access infrastructures 
within their core transport and services networks. In addition, 
as wireless access infrastructures of different service provid
ers tend to overlap more and more within smaller spaces, the 
ability to share common infrastructure offers cost and opera
tional benefits to network owners and operators. 

SUMMARY 

[0005] A particular architectural challenge facing the wire
less access infrastructure is to provide adequate coverage in 
locations where RF signals do not reach or penetrate, and on 
a relatively fine geographic scale, using equipment that is 
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physically unobtrusive. One solution to emerge is a distrib
uted 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 deploy
ment of traditional cell towers is impractical or not permitted. 
In what is referred to herein as the "standard DAS architec
ture" (or just DAS for short), the radio and antenna subsystem 
of a "traditional" BTS is replaced with a DAS "head end" unit 
that splits the input RF signal into separate signal portions and 
routes them as digital-optical signals to small, remote antenna 
nodes via fiberoptic transmission links. Each node then trans
mits only its RF signal portion. The DAS head end also 
receives signal portions from the remote nodes, and combines 
them for relay back into the network. The DAS head 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. The output of the RF module is then connected to the 
input of the DAS via a high-power (e.g., 20 W), digital link. In 
the reverse direction, RF signals received via the digital link 
are down-converted in the BTS to baseband for transmission 
into the network. The 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, thus allowing them 
to share a common access infrastructure. 

[0006] In an alternative DAS architecture, encoded base
band 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 
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 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) architecture. 

[0007] Each form of DAS architecture has advantages and 
disadvantages. Consequently, service providers must weigh 
tradeoffs when evaluating decisions to deploy one or the 
other. The RRH architecture largely eliminates the need for 
costly, high-power RF conversion in the traditional BTS by 
distributing encoded baseband signals directly to the remote 
radio heads. Moreover, the network input to the BBU is not 
restricted only to circuit-cellular data, but admits other forms 
of network traffic and protocols, including WiFi, 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 of the given link. In addition, each remote 
radio head incorporates a dedicated remote RF module. Thus, 
even though each RF module is relatively inexpensive com
pared 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 
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service provider at a time, since each baseband link can be 
configured for only one carrier frequency and one transport 
technology at a time. 
[0008] 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 pro
viders' traditional 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 head end supports diverse deployment topologies of 
remote nodes. In addition, since each RF 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 trans
port technologies in concurrent transmissions, thereby 
achieving concurrent sharing of radio resources. The RF con
ditioning module can also load balance the power delivered 
among the remote nodes based on the traffic load at each 
node. However, the standard DAS architecture still requires 
each source BTS to include an expensive RF module, and to 
support a high-power digital interface to the DAS head end. 
Further, the physical distance of this interface link is limited, 
unless some form of repeater is employed. In addition, the 
transport technologies supported are limited to those of tra
ditional BTSs, making integration with native packet-based 
transport more difficult. 
[0009] The distinct approaches offered by the two DAS 
architectures present service providers and network operators 
with a set of"either-or" of solutions, none of which may fully 
and simultaneously address challenges such as diversity of 
transport technologies, common access infrastructure, and 
versatility of coverage configurations, among others. 
[0010] A more versatile DAS architecture is needed to 
address these and other challenges of configuring and deploy
ing wireless access infrastructures. Accordingly, various 
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 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, 
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 forgoing. 
[0011] Hence, in one respect, embodiments of the present 
system provide an apparatus comprising: a radio frequency 
(RF) 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 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 
apparatus is configured to be communicatively coupled; and 
one or more low-power RF modules each having a commu
nicative connection to one of the plurality of first physical 
interfaces, and each configured to: receive a respective base-
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band digital optical signal via a respective second physical 
interface, modulate the received respective baseband digital 
optical signal to a respective RF passband signal, and send the 
respective 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. 

[0012] In another respect, embodiments of the present sys
tem provide an apparatus comprising: a radio frequency (RF) 
conditioning module having a plurality of first physical inter
faces; one or more low-power RF modules each having a 
communicative connection to one of the plurality of first 
physical interfaces; a processor; and machine logic execut
able by the processor to cause the apparatus to: receive a 
respective input digital RF physical signal via each of one or 
more of the plurality of first physical interfaces of the RF 
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 RF condition
ing module, combine particular duplicate signals selected 
from among each of the respective 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 the 
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. 

[0013] In yet another respect, embodiments of the present 
system provide, in an apparatus comprising (i) a radio fre
quency (RF) conditioning module having a plurality of first 
physical interfaces and (ii) one or more low-power RF mod
ules each having a communicative connection to one of the 
plurality of first physical interfaces, a method comprising: at 
the RF conditioning 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 conditioning 
module, splitting each received respective input digital RF 
physical signal into a respective number of duplicate signals; 
at the RF conditioning module, combining particular dupli
cate signals selected from among each of the respective num
ber of duplicate signals into one or more superposition RF 
signals; at the RF conditioning module, routing and transmit
ting the one or more superposition RF signals to an array of 
remote antenna nodes to which the apparatus is communica
tively coupled; at a given one or more of the one or more 
low-power RF modules, receiving a respective baseband digi
tal optical signal 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 respective RF passband signal to the RF condi
tioning module via the communicative connection to the one 
of the plurality of first physical interfaces as one of the respec
tive input digital RF physical signals. 


























