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DISTRIBUTED ANTENNA SYSTEM

CROSS-REFERENCES TO RELATED
APPI ICA'I'IONS

1'he present application is a continuation of U.S. patent
application Ser. No. 14/800.515 tiled Jul. 15, 2015; which is
'1 colltinu'ltltul of 11 S patent application Ser No 14/260,
145, filed Apr. 23, 2014; which is a continuation of U.S.

1 I 1

patent application Scr. No. 13/211,247, filed Aug. 16. 2011,
which claims the benefit of U.S. Provisional Patent Appli-
cauon No. 61/439,940. Iilcd Fcb. 7, 20111 flle disclosures of
which are hereby incorpomsted by reference for all purposes.

I'l JI,D Oli '11 0 1 INVEN'I'ION

1'he present invention generally relates to ivireless conl-
munication systems employing Distributed Antenna Sys-
tenls (DASJ as part of a distributed wireless network More
specifically„ the present invention relates to a DAS nrilizing
one or more remotely momlored mid controlled digual
access units configured to assign particular packet uonsmis-
sions io schuled once ol a plumlity ol remole umls, which
cmi in some enlbodiments be configured in a daisy-chained
rings.

BACKGROUND OF THE INVENTION

Wireless and nlobile network operators face the continu- io
ing chaflenpe of building netw:orks that etTectively nlanage
hipJ1 data-tratfic groivth mates. Mobility and an increased
level of multimedia content for end users requires end-to-
end network adaptations that support both new services and
thc increased demand I'or broadbmld mid flat-rale Internet ls
access. Onc ol'lm most thflicull chaflcngcs faced by net-
work operators is maxinuzing lhe capacity of their DAS
netivorks ivhile ensuring cost-effective DAS deployments
and at the same time providing a very high degree of DAS
renlote unit availability. so

In order to provide DAS network capacity wlfich is hi h
mxiugh to meet short-term uccds of network subscnbcrs in
spccilic locations yet also avoid costly and ulcflicimll
ilt:plovluclll of latin rt:soillct:s, DAS nclwolk pllu1llcrs plc-
fer to employ DAS architectures and solutions ivhich pro-
vide a high degree of dynamic flexibility 'I'herefore, it v ould
be advantageous for wireless network operators to employ a
DAS solution which has a hiJt degree of flexibility to
implmncnt dynamic rearrlmgcmcnls based on ever-clrangulg
network condiuous and subscriber needs. Also, lhe more o

future-proof a DAS dcploymcnt can be, gcnemlly lhe lower
its life cycle cost

DAS network planners and system inteprators enlploy a
lvide range of innovative approaches for helping to ensure
that a particular DAS deployment is as cost-eflective as ls
possible. The types of costs considered by network phuulers
and uuegralors ulclude DAS deployment or DAS inslalla-
utill cost. ilsw cfl as optzallonttl costs lllc ill thllg lultllllcllancc
costs, emer ency restomstion costs and network re-arrange-
ment costs. Itearrangentettt costs are particularly sigilificant st!

for indoor DAS applications, due to frequenr changes in
building use and facility needs chan es. Therefore. it v.ould
be advantageous to mnploy DAS systcnw and methods
winch arc based on as fi:w DAS lransporl facilities as
possible to mirumizc installauon aixb'or lease costs and have ss
self-healing capabilities to avoid the need for costly mner-
ency restoration services
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In order lo oblaul a high dcgrce of DAS remote urul
availability. two primary conditions must be satistied. First,
the DAS remote unit ilscll'ust bc inhermltly rcliablc.
Second. thc transporl media e.g., opucal liber, must bc very
reliable. It is ivell knoivn that electronic and/or optical
cminections thenlseives are a siptuficant root cause of failure
or reduced avaiiability in a DAS networl. Companies who
maintain outdoor DAS neuvorks have reported that a failure
of outside piant optical fiber facilities is not as rare as would
bc desirable. Therefore, it would bc advantageous to muploy
systems mid methods which ofli:r higher redundancy mlthor
self-healing features in the event of failure of a transport
media connection.

SUMMstRY OF THE INVENTION

'I'he present invention substantially achieves the advan-
tages and benefits discussed above and overcomes the
limitations of the prior art discussed above by providing a
distributed antenna system responsive to one or more base
stations and havulg at least one but ul some cmbodimcnls a

plurahly ol'Digital Access Uiuts ('*DAU's"J. each opcralulg
to control the packet tratfic of an associated plurality of
Digital I&emote l)nits ("DRIJ's"J In embodinients employ-
ing multiple DAU's, the DAU's can be daisy-chained lin-
early or in a ring confi umstion Likewise. dependin upon
the implementation, the DRU's associated with a given
DAU can bc conligurcd ul either a lincur or rulg Daisy chain
Collflgttlttlloll.

'I'he data received from lhe base stations is down-con-
verted, digitized and converted lo baseband with the DAU
'I'he data streanls are then Iig mapped and framed and
independently serialized, such that multiple data streams are
available in parailel from the DAU. In at least some embodi-
ments, thc DAU conunumcales with thc associated DRU's
vut an optical lranspori arrangcmmlt. It will bc apprccmled
by those skilled ul thc art that, using tlm present ulvcntion,
it is possible to conhgure a distributed antenna system
having n base stations. each providinp m Rli outputs ftir
transmission by one or more associated DAU*s to o DRI J* s,
where the oniy limits are imposed by the teclulical perfor-
mance spccdications oi the parumtlar DAS, such as delay.

By lhc use of a ring conliguralion for connccung, m al
least some cmbodimmus, the DRU's and/or flm DAU's. fault
tolerance is built into the system. with resulting high avail-
ability In single DAJJ enlbodinlents. each DRtJ is acces-
sible tluough tlvo paths, and therefore remains available
even in the event of a line break. In multi-DAU embodi-
ments, whcrc thc DAU's are linearly daisy-chained, each
DRU is accessible Ibom multiple DRU's such thol even
some DAU failures will nol prevent system operauon. In
embodinlents employing a ring connection for the DAU*s,
nniltipie paths exist to each DAU, and thus provide an
additional level of fault tolerance as well as dynamic load
balancin and resource management as discussed in greater
detail hcrcinal'lcr.

Thus, thc coniiguration of lhc advanced system arclulcc-
turc of thc present invmllion provides a lugh dcgrtu of
tiexibility to manage, control. enhance and facilitate the
msdio resource efficiency. usa e. availability. and overall
perfomlance of the distributed lvireless netv orl . The pres-
ent invention enables specialized applications and enhance-
ments including Flexible Simulcast, automatic traflic load-
balancing, network and radio resource opumization,
network calibration. Suionomous/ussisted commissiomng,
carrier pooling, automatic trequeilcy selectioil, radio fre-
quency carrier placenlent, traffic monitoring, traflic tagginp„
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and indoor locat&on dctermu&ation usm p&lol beacons. Thc
present invention can also serve multiple operators, multi-
mode radios (modulat&on-&ndcpcndcni) mid mulu-lbequraicy
bands pcr operator to &ncrcasc thc cfliciency and lralfic
capacity of the operators'ireless networks

Further lhe present invent&on provides a high degree of
dynamic flexibility, supports dynamic re-srmn ements. and
provides a low hfe cycle cost This advanced sysrem archi-
tecture enables deployment of DAS networks using fewer
DAS transport I'ac&1&1&es lo rcducc costs, wlule provnling lii

self-healing I'caturcs. Thc prcscnt invention also oilbrs
redundancy and enhanced system availability

It is an object of the present invention to pmvide iilexible
Simulcast capabil&ties. as disclosed in U.S. Provisiorml
Application Ser No. 61/302,036. entitled "Remotely Recon-
figurable Distributed Antenna System and Merhods.** filed
Scp. 14, 2010, uicorporated herc&n by refermici, &n a high-
availabilily nng coniigurauon using, for example. Optical
fiber transport As discussed alx&ve, the ring contiguration
insures that a break m any optical fiber cable will not shut &0

down the daisy-chained network, because the downlink and
uplink signals can be rerouted around the cable break to the
respective DRUs.

It &s a further obiccl of thc present invention lo balance thc
bidirectional data rate on thc opt&cal libera so as lo mcrcasc
flie maximum achievable data rate during operation on die
rina nenvork of DRUs

It is a further object of the present invention to provide
hi her transport network capacity in the event the data
transport is asymmetrical between the downlink and uplink, 10

as is typically the case for mobile broadband networks
Ii is a further obiccl of lhe prcscnl uivcnl&on lo provide an

adaptive and automatic contml for optiinizing the transport
niedia capacity on the ring.

It is a further object of the present im ention to pn&v&de a &s

metlu&d of summ&ng co-channel users* uplink sip&ala in the
DRU daisy chain.

Appl&cat&ons of lhc present invenuon are su&lablc lo bc
mnploycd w&th d&stnbuted base stat&ons. distributed antcru&a
systenis. distnbuted repeaters, mobile equipment and w&re- 10

less terminals. portable w&reless devices, and other wireless
communication systems such as microwave and satelhte
communications. Tile present invention is also field upgrad-
able tluoug&ha link such as an Ethernet connection to a
&cnlolc con&pl&nag con&Or.

Appendix I &s a glossary of tenne used hcrem, including
acronynis

BRIEF DESCRIPTION OF THE DRAWINGS
0

Further obiects m&d advanuigcs of lhc present invention
cmi be more fully understood from the fi&llowing detailed
dcscnptloo. lakcn hl conJU&let&on iviih ihc accolnpanv'ing
dra&sings in which:

FI(J. I is a blocl d&a ram according to one embodiment &1

of the invention showing lhc basic structure and mi exinnplc
of a u&udirccl&onal, channcfizixi downlu&k transpom one ring
scenario based on havu&g one DAU and four DRUs.

)1G 2 is a block d&agram &n accordance with an embodi-
ment of the invention showing the basic stnicture and an io
example of a unidirectionaL channelized uplink transport,
one ring scenario based on bavin one DAU and four DRUs.

FIG. 3 is a block d&agram &n accordance w&th an mnbod&-
men& ol'hc uivmiuon show&ng lhc bas&c slniclure a&xl an
cxiunple of a un&direct&onal, channelized uphnk lrimsporl, ss
nvo ring scenario based im having one DAU and e&ght
DRUC

Flfi 4 &s a block d&agram &n accordance w&th an embodi-
ment of the invention showing the basic structure and an
example ol a uruibrecl&onal channel&zcd upi&nk or downlu&k
transport. This example of 0 live nng sccnano comprises
two DAI)s and t&venty DRJJs. )1(i 4 pmvides an example
of a daisy chain ring network

FICi 5 illustrates an embodiment of a cellular network
system employing multiple DRUs accordin to the present
invention.

Flfi 6 illustrates an embodunent of a mult&-band system
cnlplovuig s&x ififlcrcnl scn lees opc&dthlg ul d&flclcnl fic-
quency channels with multiple DRUs accorduig to the
Pi'cscflt invent&of&.

FICi. 7 illustrates in block diagram form the interaction
between the DAU embedded sofiv,are control module and
the DRU embedded software control module.

Flfi 0 illustrates m blocl diagram lbm& m& cmboduucnl
of a DAS according lo;m aspect of the invent&on, uicludu&g
da&sv-chained DAUs.

DETAILED DESCRIPTION OF THE
INVENTION

I'he present invention is a novel Reconfigurable Distrib-
uted Antenna System that provides a high degree of flex-
ib&hty to mana e, control, re-conhgure. enhance and facili-
tate the radio resource efi)ciency. usa e and ovemsll
pcrfom&ance of lhc distributed wirclcss network. FIG. 1

illustrates mi cmboihmcnt of tlu: Distributed Antenna Sys-
tem IUU that provides an exaniple of a unidirectional,
channehzed doivnlink transport in accordance with the pres-
ent invention In l&I(JS. 1-4. a dotted line denotes a distinct
subset of uplink and do&vnlink channels ident&fied as Lq».*'

dashed line denotes a distinct subset of up)ink and downlink
chiu&nels idm&lilicd as "B." 11&e subset of uplu&k and down-
1&ok chimncls ui A ik& nol u&cludc those ol' and vice vcrca.
The system employs a Digital Access Um1 I'unct ionalily 105
(heremafter "DAIJ") The DAIJ 105 serves as an interface
between associated base stations (B'IS) IIUA-B and a

plurality of digital remote units (DRU) 125A-n, although
only four DRU*s are slu&wn in FICJ. 1. In the present
description, '*DRU" w&11 bc used interchm&gcably w&th

Rcmolc Ra&ho Head Unit. or "RRU", bccausc ol'hc simi-
larity of lhc funcl&ons d&scusscd here&n, although those
skilled in the art will recognize that a DRJ.J commuoicates
v ith a DAIJ. &vhereas an RRU communicates w:ith a hase
station. In addition, those skilled in the art will recognize
that a DAU is monitored and contmlled by a remote netv'ork
opera&&ons center ("NOC"). as indicated at bnl&rixuona1 lu&k

115 u& FIG. 1. Such lu&ks arc typically Ethernet connections
or cxtcrnal modems. but can bc any linn of lu&k suiuiblc lor
remote monitoring and control. 'I'he NO('as the capability
to remotely configure the DAIJ parameter settings which in
turn configures the DRIJ's parameter settings. The NOC can
request information front the DAUs. The DAUs can subse-
qucnfly rcqucst &nfonnalion from thc DRUs. Thc infomia-
t&on rcqucstcd &ncludcs but is not hm&ted to uplu&k power.
downlink power, opucal error rate, gain seu&ngs, acuvc
carriers, etc.

i&or the doivnlink (Dl,) path. RI'nput signals 120A
through 1200 are received at the DAU 105 from one or more
base station units (BTS) indicated at 110A through 110p.
The RF input signals arc separately down-convcrtixh digi-
t&zcd, and convcrlcd lo bascband (using a D&g&tal Down-
Convcrlcr) by the DAU. Data streams arc then I/(2 mappcxl
and framed and specific parallel data streams are then
independently serialized and translated to optical signals
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using pluggablc SFP modules, agaui by thc DAil 105. Thc
independently senalized, parallel data streams are then
delivered to different DRU's 123A-I25J, typically over
optical fiber cable arranged. in at least soine embodinients,
in a ring configuration indicated at connection pairs 140A-
145A, or, in other embodiments, a daisy chain configurarion.
In addition. each DAU can suppori a plurality of ruigs with
associated DRU's. where thc addiuonal rmgs are indicated
by fiber optic pairs up through 140o-145o It will be
appreciated by those skilled in the art that the number of Fff! In

inputs. DAU's and DRU's and rings is limited otfiy by
network performance factorc. cuch as delay. In addition. as
discussed in connection v ith FICI. 4 herein, the DAS can be
further extended by using a ring or daisy-chaui of DAU's,
each of'wluch supports an arrangcmcnl ol'DRU's and ruigs
as shown in I!I(i. I

One function of the DAU 105 is to determine the direction
in which downlinked channels are propagated around the
rin . As just one example. the embodiment shown in FICi I
is configured to have downlink channels A, B. C and D zo

propagate in a first direction, Ibr example clockwisc, and
cluutncls E, F, Ci, and H propagate in lhc counlcr direction,
although it will be understood that the nuinber of channels
pmpagating in each direction need not be equal, nor adja-
cent. nor sequential I,ikew:ise, the nuinber of channels
received at each DRU is assigned by the DAU nnd need not
be equal. adjacent or sequential, but instead will typically be
dny conliguralion that oplinuzes nclwork ulihzalion.

Rcfcrring next to FIG. 2, mi embodiment of';m uplink
1UJ,J path in accordance with the invention can be better In

appreciated Channels received at the antenna associated
with each l)RU are converted into optical signals bv each
DRU 125A-125k Optical xi@tais received from the DRU*s
are de-serialized and de-framed by the DAU 105. nnd are
also up-convcrtcd digitally using a Digital Up-Converter ic
implmncntcd within thc DAU 105. Each data slrwun is lien
indcpcndenlly convcrtcd to lhe aimlog domaui and up-
converted to the appropriate Rl! frequency band, still ivithin
the I )AU 105 in the illustnsted impleinentation„although tlus
functionality can be separate. The RF signals are rien do

delivered to the appropriate one of a plurality of BTS*
110A-110p. As with thc arrangement shown in FIG. 1. thc
dirccnon of propagation of each channel Is controlled by thc
DAU, w i lb some channels pmpagaung in a clockwise dtrm-
tion and others in a counterclockiwise direction Also as
discussed in comlection with FJ(i. I, while adjacent chan-
nels are shown as propagating in the same direction in FICI.

2. this is not required and any channel can be selected to
propagate in cilhcr direction.

Relhrnng agmn lo FICI 1. il will bc apprcxialcd by those O

skilled ui thc art that, in some implemcntauons of a DAS,
nlore than one carrier can exist in each channel. and. as such,
a l)RI J may receive a channel comprising a signal contain-
ing tivo or more carriers, or a wirelesc operator may have
more than one RF carrier per channel allocated ro a single Ss

base station Tlus Is refbrrcd to as a "composite signal" Thc
IlidililCr Iii wit!Cll II CoilipoS!Ic dowilliilk Sigilal IS IlliiiiilgCd
by Ihc presmit invention can bc bcncr understood with
reference to I!I(i I Jn such Instances, the l)AIJ will receive
a composite downlink input signal 130 froin. e g., a first base io
station 110A belonging to one wireless opemtor, enters the
DAU 105 at the RF input port 120 k. Composire signal 130
comprises carriers A-D. A second composite downluik input
signal from e.g., a pth base station 110p bclonguig to the
same wirclcss operator enters DAIvf al lhe DAIJI RF input sc

port 12UC. ('Omposite signal 135 comprises carriers II-IJ.
'I'he functionahty of the l)AU 105. and l)RiJ's 125A-125k,

respectively, are cxplaincd in detail ui U.S. Pmvisional
Application Ser. No. 6J/374.593. entitled "Neutral Host
Arclulecturc for a Dislributcd Anlciuia System," liled Aug.
17, 2010, the disclosure of which is hereby incorporated by
rcfcrcncc In its cntircly Ibr dll purposes.

One optical output of l)AU 105 is fed to DRU 125A, via
bidirectionai optical cable 140A A second optical output of
DAIJ 105 is fed via bidirectional optical cable 145A to
DRU3 Similarly, bidirectional optical cables 150, 155 and
160 connect DRU's 125A-u in a ring configuration, such
that DRU 125A connects to DRU 125B via cable 150A,
DRU 125B connects lo DRU 125u via cnble 15013. and
DRU 125( connects to l)RI J 125(k or the ksh-I DRU, via
cable 150m. This connccuon Ibcihtalcs networking ol'DAU
IU5, which means that all of ('arriers A-JI are available
within DAU 105 to transport data to DRU* s 125A-k depend-
hlg ofl sofnvai'c sctthlgs ivitllhl tlm flctivolkcd DAU svstcnl
Dependin upon the embodiment, the software settings
witlun DRU 125A arc conligurcd cithcr manually or mito-
matically. such that carriers A-H are present in the downlink
output signal 155A al the antenna port of DRU 125A. The
presence of all eight carriers nleans that l)RtJ 125A is
potentially able to access the full capacity of both base
stations feeding DAU 105 A possible apphcation for DRU
125A is a cafeteria in an enterprise building dunng the lunch
hour ivhere a lar e number of ivireless subscribers are
gallmred.

DRU 125B Is li:d by a second optical port of DRU 125A
via bidirectional optical cable 15UA 'I'he optical cable 150A
perfornls the function of daisy clmining DRU 125A ivith
DRIJ 125B. As with DRU 125A, the software settings
v ithin DRU 125B are configured either manually or auto-
matically such that Carriers A. C„D and F are present in
downluik ouipul siknial 155E at ihc an(mme pon ol'RU
125B. Thc capacity of'RU 125B is scl lo a much lower
value than DRU 125A by vinuc of ils specific channel
settiags as controlled by l)AU 105 qhe individual l)igital
Renmte IJnits have integrated frequency selective DU( s and
DDCs with gain control for each carrier. The DAU's can
remotely turn on and off the individual carriers via the ain
Coiltrol pilidiilC(CIS.

In a similar maiuicr as descnbcd previously for DRU
125A. the sofiwarescuuigs within DRU 125C arc config-
ured either ntanually or mitomatically such that ( arriers B
and I! are present in doivnlink output sikuial 155C at the
antenna port of DRU 125C. Compared to the downlink
signal 155B at the antenna port of DRU 125B, the capacity
of DRU 125C, winch is also conligurcd via its software
scttuigs, is nuich less limn the capacity of DRU 125B. DRU
125n Is fcxf by thc optical cable 150m conncctcd to lhe
second nptical pnrt of the n"-I l)RU, shown for simplicity
in I!I(i. I as l)giJ 125(k I'he software settings within DRU
125u are configured either nianually or automatically such
that carriers A. D. E and H are present in downlink output
signal 155D at the Imleiuia port of DRU 125n Typically, thc
capncity ol'RU 125n Is sel to a much lower value than
DRU 125A, howcvcr, thc rclativc capacity seuings of each
of DRU's 125A-n can be adjusted dynaniically to meet the
capacity needs within the cm erage zones determined by the
physical positions of antennas connected to those DRU*s. As

noted above. the rin connection is completed by intercon-
nixung DRU 125B and DRU 125n tluough optical cable
150B. The ring configurauon insures thai any opucal cable
breaks will not shul down the daisy chmned network. The
downlink and uplink simials will be rerouted around the
cable break to the respective l)RUs
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llic present invention facihtatcs conversion and transport
of several discrete relatively narrow RF bandwidths. 1'lus
approach allows conversion of only those multiple specihc
relatively narrow bandwidths which carry useful or specihc
information. This approach also allows more efficient use of
the available optical tiber transport bandwidth for neutral
host applications, mid allows trtuwporl ol more uidividual
operators'and segments over lhc opiicsl fiber. As disclosed
in I J S Provisional Application )er No. 61/374593. entitled
"Neutral I inst Architecture fiir a Distributed Antenna Sys- In

tern." filed Aug 17, 2010 together with U 8 Pn)visional
Application Ser. No 61/382,836. entitled "Remotely Recon-
fi amble Distributed Antenna System and Methods**, tiled
Scp. 14. 2010, both assigned to thc asst~roc of the presmu
invmtiion, and also rcli:mug lo FIG. I ol lhc uistanl palmu
application, l)i ital Up ('onverters located v ithin the DR( J

can be dynamically reconfigured as the result of conunands
fmm the NO('o tmnsport from the DAU input to any
specific DRU output any specitic narroiv frequency bond or
bands, RF carriers or RF channels which are available at the Io
respective RF input port of either DAI I. Tins capability is
illustrated in FIG. I whcrc only specific frcqucncy bands or
Ri'arriers appear at the output of a given l)RIJ More
specihcally, through commands received frmn the NOC. the
IIP(IA's in the l)AU and roue or inure of the associated
DRU's can be repmgmnuned or reconfigured to convert and
transport only the desired narrow bandwidths.

A related capabihty ol llm prcscnl uivcntion is that nol
only can thc Digital Up Convcrters located willun each DRU
be configured to tmnsport any specific narn)w frequency so

band from the DAI J mput to any specific l)RU output, but
also the l)igital Up ('onveners within each DRIJ can be
configured to tmsnsport any specific time clot or time slots of
each carrier fmm the DAU input to any speciTic DRU
output. The camera and time slots sre monitored by the Is
DAU by Iiltcnng thc signals and pcrfonning pov,er dclec-
uon ol'he individual tnueslots, wiuch information can be
conveyed to the NO('s desired. I'hen, as v ith the Digital
Up ('onverters, the liield Programinable (iate Arrays
(FPGA) in the DAU or DRV can be dynamically reconh - so
ured by conuuands received from the NOC in a manner
analogous lo software progrmnmabihly. 11ic DAU detects
wluch carriers and corresponding time slots arc active Tius
information is rclaycd lo thc individual DRIJs via thc
nuilui cment collli'ol,'llld nlonitofillg pin tocol software. 1 his
information is then used, as appropriate. by the Dldis for
turning ofl and on individual carriers and their correspond-
in time slots.

Dale transport between the Base Stauon and thc subscub-
crs Is typically asymmetrical, whereby dic downlmk data n

rulc Is higlmr Ihan thc uplink rate. The ruig network con-
figuration of l)aisy Chained DRUs can exploit this data mate

asymmetry tn ntaxiniize the data transport on the optical
fibers 150A-150IB

The present invention balances the bidirectional data mote s.
on lhe opucal fibers so as to incrcasc lhe maxunum achiev-
able dale rale on thc nng network of DRUs. 11ie utdii idual
ilov 'ill ink chilililCIS Bn: llililSinillCd Ill a Ililidii CCtioilal SCIISC

along the ring network Referring to FI(i I, downlink
channeis A. B, (', and I) are transmitted in a clockwise sense in
around the ring of DRU*s 125A-I. On the other hand,
downlink channels E. F, Ci and H are tmnsmitted in a
counlcrcloci wise scnsc around lhe ring of DRUs. Referring
to FIG. 2. the uplink chnnncls J, K. L and M are transmitted
in a counterclockwise sense whcrcas uphnk ch utnels N, 0, ss
Pand Q are tmnsmitted in a cloclavise sense around the rittg
of l)RI Js If the downhnk and uplink data rates were the

same. thcrc would bc no advantage in Ihc trmisport mecha-
nism. However, if the data transport is asymmetrical
bclwiun thc downlinl and uplink then a significant advan-
tage can be gained For example. for a factor of two
diffbreucc between the downlink and uplink data rates, a 4G
factor increase in data transport can be achieved. I'he larger
the asynunetry betv,een the downlink and uplink data rates,
the larger will be the increase in data transport using the
unidirectional channel transport mechanism around the rhtg.

Rcfbrring agaui to FIG. I, a further embodiment in
accordance with another aspect of the present invention may
bc bcttcr underslooiL In thc cvcnt that tlmrc is a signdicant
change in asymntetry benveen the downlink and uplink data
rates and ior if there is a change ui ch uuicl complement al lhe
B'IS, the Mmiagement ('ontrol module (discussed in con-
nection with FIG. 7 herein) ivhich is typically comprised
within each l)AU is able to automatically and adaptively
re-allocate data transport resources on the clockwise direc-
tion of the ring and on thc counter-clockw Isc direction of thc
ring to maximize the overall transpott capacity As stated
previously, thc larger the degree of asymmetry belwemt
uplink mid downlink data mares for a particular DAU. the
higher the increase in ILsta transport using the unidirectional
channel transport mechanisnt around the ring If there is
more than one DAU present. in an embodiment one DAU is
designated a Master DAIJ by the NOC. and the Management
Conlml module locatixl ut thc Master DAU makes decisions
to optimize thc overall transport capacity. In lhe event thc
master DAII fails, the NO('an designate another l)AU as
master Alternatively, any suitable failover algorithm can be
iinplen!eilted

Referring to FI(J. 3. an alternative embodiment of the
present im ention ivherein a single DAU controls a plurality
of rings, each composing a plurality of daisy-chatncxt
DRV*S, can be better understood. In FICi. 3, two daisy-
chinncd rings. Indicated at 300 and 305, arc shown although
the number of rings could be greater and is determined
mainly as a matter of desi n preference up to limits miposed
by netvvork perfomtance. The rings each link a plumlity of
DRU's 310A-n and 315A-m, to a single DAU 320. The
ilircctioital flow ol lite diua liaitsporl Is showit Bs dlc dasltix!
lines 325 and dotted lines 330. Thc downluik cltanncls
available from the plurality of DRU's arc divided uilo lwo
subsets ivhich flow in opposite directions around the two
daisy-chained rings The uplink channels are transported in
a sunilar fashion. The channels are grouped into the two
subsets so as to maximize the data transpott to and from the
DRVS. Thc DAU in turn comnninicatcs with onc or more
BTS's via RF Ports 335A p.

Heuristic algoritluns nuiy bc used to allocate RF channel
data in a Dual-ring f)AS I'or I'I(i 3. there are tw o fibre rings
R l. R2 (clockivise and counter clockwise) and a set 'I ofne2
independent RF channels Ki. Ini&n (including uplink and
downlink). A channel Ki requires a bandwidth of b(Ki) to
transport on a libre ruig. A lime-bounded nlgonflun exists
which obtains a schedule hating the oplunal bandwidth
allocation (i.c. the maximum aggregate bandwxlth of each
rittg Is as small as possible). A large munber of advanced
heuristic algorithnts have been developed to solve such
scheduling optimization problems. Some examples are
genetic algorithm, evolutionary algorithm. yeedy search,
Tabu search, harmony search, simulated iuuicaling, anl
colony optinuzauon. elc. For purposes of sunplicily and
clsillv, II SiitlplC hCIIIISIIC algoillhiit for two Iliigs IS

described here. althou h the nuntber of rings is not limited
to hvn
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lllc algoritluu beguls by sorting thc chalulels Ki decreas-
ingly by bandwidth b(Ki) 1'hen it schedules the channel in
such a lvay that each channel is assigned to the ring wluch
has the smaller aggregate bandwidth. 'I'he forrnal description
of the aigoritlun follows.

Input: T=set of n independent channels Ki with required
bandwidth b(Ki), I 1 n.

Output: Li Ll aud D] D» LJ ls thc si I ol'hannels
schedule on ring Rj. and I&, is the maxinnnn aggregate
bandkvidth of nng Rj, DI l&j (gb(I)..tris). I sjs2. ia

AI.CiORI'I IIM ('I, I., I&)

Step I (inittafize Ki and D„DS) Sort Ki such that
b(Ki)&b(Ki 1) lai&n-I. D, 0. D, 0.

Stop 2 (Schedule a chiuuicl)
For i=i to n, step I do 1

If l)1 SD,. then (assign Ki onto I
~

l)i l)i+b(Ki)J
else (assign Ki onto I„, l)l I)s+b(Ki)J.
Referriim next to lii(i. 4, a still further an alternative

embodiment of the present invention may be understood.
The arrangement illustrated in FIG. 1 comprised downlink lc
signals Ibom two scparatc base stauons bclongulg to the
same wireless opcrutor cntcnng the DAI I 105 at mput ports
I IOA and I l tip, respectively In the embodiment of Irl(i 4,
a first conlposite signal enters a first I )AU 400 at that I )A(I'
Ri'nput port from a hase station 405, and a second
conlposite doivnlink input signal from. e.g., a second base
station 410 belongin to a difierent wireless operator enters
DAU 415 at that second DAU's RF input port. DAU 400
directly supports two rings 420 and 425, DAU 415 directly
supports nvo nngs 430 and 435, and a ring 440 is shared lc
betlveen l)AIJ 400 and l)AU 405 liach of the rings conl-
prises daisy-chained l)RI J's generally indicated at 445 and
connected via„ for example, fiber optic links, as discussed in
connection with FICI. 1. It will be noted that channels A are
transported ul the opposite sense as chmlncls B. The down- ls
lulk Hunlncls in subset A arc tmnsportix! counterclockwise
around each nug, whcrcas thc charulcls ul subset B are
transported in a clockwise sense amund each ring in tlus
embodiment, signals belonging to both the first operator and
the second operator are converted and transported to the dc
DRU's 445 on ring 440 because DAI J 400 and DAI J 405 are
daisy-CIuuned through thc liber op(ic cable 440. Tlus
mubodimcnt provides an example oi' neutral host wirclcss
system. where muluplc wirclcss operators share a common
infrastnicture compnsed of DAU 400, DAU 415, and
l)RU's 445. All the previously mentioned features and
advantages accrue to each oi the two wireless operators. It
will further be appreciated that, while FIG. 4 illustrates only
two DAU's lulkcd in daisy-chain style, il is possible to daisy
ch'ilu d ldigcr plurdll(Y oi DAU s, Bud thc il'dlsv-chBlucil
DAU* s can also bc conligurcd in a rulg coniigura (ion sunilar
to the manner in which the DRU's are connected. 'I'lus
arranged is illustrated in Ill(i. g. below

As disclosed in U.S. Provisional Application Ser No.
61/374,593. entitled "Neutral Host Arel»tecture for a Dis- s.
tnbutcd Antciula System." Iilcd Aug. 17, 2010 and again
rcfcrnng to FIG. I oi'hc ulstani patent application. thc
Digital Up Convcrtcrs present in thc DRI I's of the presmlt
invention can be programnled to pa)cess various signal
filrmats and modulation types including l1)MA, CDMA, ic
TDbhsr. OFDMA and others. Also. the Digiml Up Convert-
ers present in the respective DRUs can be programmed to
operate with sigrmls to be transmitlcd witlun various fre-
quency bands subject to thc capabiluies and lirmtauons of
thc system arclutccturc ihscloscd ul US. Provisional Appli- ss
cation Ser No. 61/374593, mentioned above. In one
embodiment of the present invention where a wideband

CD1VLW signal is present within. c.g., the bandwalth corre-
sponding to a first carrier at the a)put port to l)AU 105, the
transnlitted signal at the antenna ports of DRU 125A, DRU
125C and l)R(ik ivill be a wideband ('DMA signal which is
virtually identical to the signal present within the bandwidth
corresponding to that first carrier at the input port to DAU
105

As disclosed ul U.S. Provisionul Apphcauou Scr. No.
61/374,593, again identified above, and also referring to
Iii(i I of the instant patent application, it is to be understood
that the l)igital Up ( onverters present in the respective
DRUs can be progranmled to transmit any desired compos-
ite signal format to each of the respective DRU antenna
ports. As an example. thc Digital Up Couvcrtcrs present in
DRU 125A aud DRU 125B cml bc dynamically softwarc-
reconiigured as described previously so that the signal
present at the antenna port nfl)RU 125A would correspond
to the spectral pmfile shown in I'l(i. I as 155A and also that
the sipmal present at the antenna port of DRU 125B would
correspond to the spectral profile shown in FICi I as 155B.
The application for such a dynanuc rc-arrdngemcnt of DRU
capacity would bc c.g.. if a company meeting were suddenly
cmlvened in the area of the enterprise corresponding to the
coverage area of l)RI J 125ii

Referring again to I'l(i 2. another embodiment of the
Distributed Antetula System of the present invention can be
better understood, As disclosed in the aforementioned U.S.
Provisional Apphcauon Ser. No 61/374,593. Bnd also as
shown in FIG. 2, the optical nng transport mechmusm can
be implemented with reaard to uphnk signals As discussed
previously with regard to dov nlink sigulals and by referring,
to ill(i. l. the uplink system shown in lii(i. 2 is mainly
comprised of DAU 105. together with DRU* s 125A-125/1 In
a manner similar to the downlink opemstion explained by
refcrnng to FIG. 1, the operation of thc upi ulk system shown
iu FICJ. 2 can bc ulxlerstood as filllows.

Thc Digital Dov n Com crters prcsmlt in each of DRU's
125A-/. are dynanlically software-configured as described
previously so that uplink signals of the appmpriate desired
signal format(s) present at the receive antenna ports of the
respective DRU's 125A-125/. are selected based on the
desired uplink band(s) to bc processed and Iiltered, con-
vcrtcd and transportcxl lo the appropnatc uplulk output purl
of DAU 105. Thc DAU and DRUs liame the individual data
packets corresponding to their respective radio signature
using the Conunon Public Radio Interface (('PRI) standard
Other Interface standards are applicable provided they
uniquely identify data packets with respective DRUs.
Hcadcr information is transmitted along with thc data packet
which idcntiiics thc DRIJ mid DAU that corresponds to the
individual data packet.

In one example for the embodiment shown in lii(i 2,
DRU's 125A and 125( are configured to receive uplink
signals witiun the Cluumel K bandwidth, whereas DRIJ
125C and DRU 125ri are both configured to reject uplink
signals w ithin thc Channel K bmldw ulth. When DRU 125C
rccclvcs B s(rollg enough signal lit its rccclvc iiutcuuB port
witlun the Chtumel K bandwidth to bc properly Iiltcrcd and
pmcessed, the Digital l)oivn Converters within l)RU 123('acilitateprocessing and conversion Similarly, when DRU
125A receil es a stron enough signal at its receive antenna
port within the Channel K bandwidth to be properly filtered
and pmccsscd, thc Digital Down Couvcrtcrs witlun DRU
125A facilitate procissing mid convcrsiou Thc signals from
DRV 125A and DRU 125C arc combined based on the
active signal combinin algorithm, and are fed to the base
station connected to the uplink output port nfl&AU 105 1'he
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term smiulcast is frcqucntly used to descnbe the operation of
l)RU 125A and DRU 125('ith regard to upliink and
downlink signals ivithin (11annel K bandwidth I'he ternt
lilexible Simulcast refers to the fact that the present inven-
tion supports dynamic and/or manual rearrangement of
which specihc DRU are involved in the signal combining
process Ibr each Chtutncl bandwidth.

Relbrnng still to FIG. 2, thc Di otal Dov,n Convcrtcrs
present in DRU 125A are configured to receive and process
signals within ('hannel .I-Q bandwidths 1'he Digital Diewn in
( oitverters preseitt in l)RU 1256 are contigured to receive
and process signals witlun Channel 1. I . M and 0 band-
svidths. The Digital Down Converters present in DRU 125C
are conligured to rcceivc and process st~nits witlun Clraiuicl
K and 0 bandwidths. Thc Digiuil Down Convcrters presmit
in DRU 125a are configured to receive and process signals
within ( hmuiel .I. M, N and O bandwidths. 1'he respective
higJ1-speed digital signals resulting from processing per-
formed svithin each of the four DRU are routed to the DAU.
As described previously. the uplink signals thorn the four io
DRUs are combined within the rcspcctivc DAU correspond-
ilig 10 erich base sttltlon.

In summary, the Reconfigurable l)istributed Antenna Sys-
tem of the present inventiim described herein efiiciently
consemes resources and reduces costs 'I'he recoidigurable
system is adaptive or mamially tield-progranunable. since
the algoritluns can be adjusted lil e sotbvare in the digital
processor at any umc.

Rcfcrring next to FIG. 5, an altemauvc embodiment of thc
present invention ntay be hetter understood I'l(i. 5 provides ic
a daisy chain exantple of a distributed antenna systent
(l)AS). Each l)RU has a coverage radius that can be
adjusted based on the pov er tmsnsmission from that particu-
lar remote unit. The DAU controls the various DRU*s
tralisniissloll power slid cult opiilnlxc 1hc ovclall cover'iigc 31

Lone. In die illustrated mnboduncni, DAU 502. Sgaui under
thc conuol ol'a NOC (not shown), is assoctatcxt with a base
station 501 and in turn interfaces with three DRIJ's 503. 504
and 505 A user 506 with a mobile device is provided
reLatively uniform coverage throughout the area covered by so
the tttree DRU*s.

Rcfcrring next to FIG. 6, a still further altermmve embodi-
ment may be better appreciated. FIG. 6 shows an embodi-
ment ol' multi-bund system illustrating onc DAU support-
ing up ni six differeiit services operating at difTerent
frequency bands, with three optical rings of DRIJ's 1-60.
The input frequency bands 605-630 (here denoted as six
frequency bands at 700, 800. 850, 1900. 2100 and 2600
MHz) arc input into the DAU 600 from the BTS's (not
shown). The DAU uicludcs, mnong other I'uncuonalitics o

discussed hcrcin, an RF IN portion for caci band, and a
digital distribution niatnx for distributing the frequency
bands to a plurality of l)RIJ's. indicated as i&RUI-I)RU60,
daisy-chained along three separate rings 635. 640 and 645
for achievin the desired coverage. The frequency hands are s.
tramportcd to either all or a subset of DRUs. 111c particular
number of frequency bands. DAU's, DRU's and ruigs is
exemplary only, and can, in pracucc, be miy number appro-
priate to the performance capabilities and needs of the
netivork. so

Referring next to FICi 7 that illustrates embedded sofi-
ware control modules, the sotbvare embedded in the DAU
and DRU, w luch controls thc operation of kcy functions of
thcsc devices, can bc better understood. In particular. the
DAU embedded software control module 700 compnscs a ss
l)AU Management ('ontml Module 705 and a i&AIJ ntoni-
toring module 710. J'he l)AU Management ('onto)i Module

705 commurucates with the NOC 715. and also thc DAU
monitoring module 710 One such key function is determin-
ing and/or setting the appmpriate amount of radio resources
(such as Rl'arriers, ( l)MA codes or 'I l)MA time slots)
assigned to a particular DRU or youp of DRUs to meet
desired capacity and tliroughput objectives As noted previ-
ously, thc NOC 715 monitors tiu: DAS operation and scuds
conunands to the DAU*s Ibr coniigunng venous I'unctions
of the DR II's as well as the l)AU, in at least some embodi-
illCflts

I'he DAII Monitorin niodule. in addition to other func-
tions. detects which carriers and correspondin time slots
are actn e for each DRU. The DAU Management Control
module conununicatcs with thc DRU Embcddcd Sofiwarc
Contml module 720 oi er a fiber optic lurk control channel
via a control protocol In an embodiment, the control pro-
tocol coniprises headers together with packets of data such
that both control intbrniation and data are transmitted to the
DRV's together as a message. DRU functions or features
that the header vvould control in the DRU are typically
implmnentation spccilic and can include, among other
tlungs, mcasunng uplutk and downlutk power, mcasunng
gam of uplink and doivnlink. and monitoring alanna in the
DRU.

In turn, the I )RU Manaaement ('ontrol niodule 725 ivithin
the DRU Embedded Software Control Module sets the
individual parameters of all the DRU Digital Up-Converters
730 to enable or disable spccilic radio rcsourccs I'rom bcuig
transmitted by a particular DRU or group ol'RUs, and also
sets the individual parameters of all the l)RU Digital Down-
('onverters 735 to enable or disable specific radio resources
from being transmitted by a particular DRI.J or gmup of
DRVs. In addition, the DRU Embedded Softv are Control
Module comprises a DRU Pilot Beacon Control Module
740. which conununicatcs w 101 a DRU Pilot Beacon 745.

Rcfi:rring next to FIG. 8, an cmboduncnt ol' daisy-
chinncd contiguration of DAIps is illustrated, togcthcr widi
a daisy-clmined coinfiguration of DRU*s In an embodiment,
a plurality of base stations 800A-600a are each associated
with one of DAIJ's 805A-a. The DAIJ's are daisy-chained,
and each DAU communic ates 5 ith one or more daisy-chains
810A-810m ol'DRU's which may or may not be arranged in
a ruig configuration. It will bc apprccxited that thc DAU's
can also be contigurcd in a ring conliguration, as discussed
above

An algorithm operatin within the DAI.J Monitoring mod-
ule wluch detects which carriers and corresponding time
slots for each carrier are active for each DRU provides
infiirmation to thc DAU Managcmcnt Control module to
help idmitily when, e.g.. a particular downlutk earner is
totaled by a pcrccntngc grm ter than a predetcnnined tlu csh-
old v hose value is comniunicated to the DAI.J Management
('ontml module by the DAU's Reniote Monitoring and
Control function 715. If that occur~, the DAU Management
Control module can adaptively modify the system configu-
ration to begin to deploy, lypically although not ncccssanly
slowly, additional ratio rcsourccs (such as RF carrmrs,
CD1VLA codes or TDMA tmie slots) for usc by a particular
l)RU which need those radio resources within its coverage
area At the same time. usually the l)AU Management
Control module adaptively modities the system conti ura-
tion to begin to remove. again typically slowly, certain msdio
resources (such as RF carriers. CDMA codes or TDlVLA time
slots) Ibr use by a partwular DRU where tlrat DRU no longer
nimds those radio rcsourccs within its coverage arcs.

Although the present invention has been described ivith
reference to the preferred enibodintents. it will be under-
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stood ilrdi the invmition is not limited to thc details descubed
thereof. Various substitutions and modification~ have been
suggcstcd in the Ibrcgoing description, and others w ill occur
to those of ordinary skill in the art Therefore, all such
substitutions and modilicdtions arc uitcndcd Io bc mnbraced
within the scope of the invention as defined in the appended
claims.

APPENDLK I

Cilossary of Terms

ACLR Adjacent Channel Leakage Ratio
ACPR Adjacmit Chiuincl Power Raiio
Al)( Analog to Digital ('onverter
AQDM Analog Quadrature Demodulator
AQNI Analog Quadrature Moduhstor
AQDMC Analog Quadrature Demodulator Correcror
AQM('nalog Quadrature Modulator Corrector
BPF Bandpass Filter
BTS Base Transceiver System or Base Station
CDISLA Code Division Multiple Access
CFR Crest Factor Rcducuon
l)A('iaital to Analog ('om crier
DAU Digital Access Unit
l)l(I l)etector
DHMPA Digital Hybnd Mode Power Amplifier
I)l)('iaital l)own ('onverter
DNC Down Converter
DPA Doheriy Power Amphlicr
DQDM Digital Quadrature Demodulator
DQM Digital Qumlraiure Modulator
DSP Digital Signal Processing
DUC Digital Up Converter
lil IR I invelope I:limination and Restoration
EF Envelope Following
I:1'invelope Tracking
EVM Error Vector Magnitude
ii)11 PA I'eedfoiward I.inear Power Amplifier
FIR Finite Impulse Response
FPGA Field-Progrmnmablc (iaic Array
GSM Cilobal System for Mobile conmiunications
I-Q In-phase/Quadrature
I I

1 Intermediate )irequency
LINC Linear Amplification usin Nonlinear ('omponents
LO Local Oscillator
LPF Low Pass Filter
MCPA Multi-Carncr Power Atnpldicr
MDS Multi-Directional Search
Olil)M Orthogonal lirequency l)ivision Multiplexing
PA Poiver Amp li her
PAPR Peak-to-Average Power Ratio
PD Digital Baseband Predistortion
PLL Phase Locked Loop
PN Pseudo-Noise
QAM Quadrature Amplitude Modulauon
QPSK Quadrature Phase Shift Keying
ltli Radio irrequency
RRH Remote Radio Head
RRU Remote Radio Head Unit
SAW Surface Acoustic Wave Filter
UMTS Universal Mobile Tehmommunicaiions System
UPC Up Convcrtcr
VrCI)MA Vv'ideband ('ode l)ivision Multiple Access
Vrl.AN Vv'ireless I.ocal Area Network

2O

31)

31

so

What is cldllucd ts.
I A host 111111 for 11sc ill Ihv: irdllspori of wllclcss coiu-

munications, comprising:
at least one interface to comnumicatively couple the host

unit to at least one signal source;
at least one interface to communicatively couple the host

unit to a plurality of remote units, including at lcasi a
Iirsi remote uiuu

wherein the host unit is configured to receive a plurality
of downlink channel signals from the at least one s)ytai
source;

wherein the host unit is configured to send digital repre-
sentations ol Ihc plurality ol downlink chiuuicl signals
to Ihc plurality of rmnolc units,

wherein the host unit is configumsble to send digital
representations of a first set of down)ink channel si-
nals to the first remote unit at a first point in time, the
first set of down)ink channel stgttals for transmission at
mi milenrm of Ihe Iirsi rcmolc unit,

whcrcin Ihc Ixisi unit is conligurablc Io send digital
representations of a second set of dov nlink channel
signals Io thc first remote unit ai a second point in time,
thC SCColul SCI Of ilowlllillk chilllllCl Slglldls fol IldllS-
mission at the antenna of the first remote unit; and

wherein a number of downlink chamiel signals in the first
set of doivnlink channel signals is different fmm a
number of downlink channel signals in the second set
of downlink channel signals.

2 Thc host unit of claim I, whcrcin the host uiui is
configurable Io dynamically change Iyom (a) sending thc
digital representations of the first set of downlmk channel
signals to the first remote unit to (b) sending the digital
representations of the second set of downlink channel sig;
naia to the hrst remote unit.

5 The host unit of claini 1. wherein the host unit is
conligurablc, based on a change in network condiuons. Io
dyniunically change from (a) scnduig thc digital rcprcsen-
tations of thc Iirsi sci ol'don nluik clrdruml sigoa la to Ihe first
remote unit to (b) sending the digital representations of the
second set of downlink channel signals to the first remote
Ulllt.

4 The host unit of claim 1. wherein the host unit is
configurable, based on load balancing, to dynamically
change Iiom (a) senduig ihc digital representations ol'hc
first sct of downluik channel sigirdls to thc first remote urut
to (b) sending the digital representations of the second set of
downlink channel signals to the first reniote unit

5 The host unit of claini 1. wherein the host unit is
configurable. based on a change in subscriber needs, to
dyniunically change from (a) scnduig thc digital rcprcsen-
tations of thc Iirsi sci ol'don nluik clrdruml sigoa la to Ihe first
remote unit Io (b) sending ihe digital rcprcscntaiions of Ihe
second set of downlink channel signals to the first remote
ulll t.

6 The host unit of claim 1. wherein the host unit is
configurable. based on a schedule. to dynamically change
from (a) sending thc digital rcprcscntauons ol'he first set of
downlink channel signals Io the first remote unit Io (b)
sending Ihc digital rcprcscniations of the second sci of
downlink channel signals to the first reniote unit

7 I'he host unit of claim I, wherein the at least one
interface to communicatively couple the host unit to the
plurality of remote units conipuses an optical interface.

8 Thc host unit ol'laim 1. wherein thc host unit is
configurcxl to packciizc each digital representation ol a
ilowllllllk channel slguill.

1) qlie host unit of claim 1. wherein the host unit is
cmifigured to packetize each digital representation of a
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downhnk charulel signal in compliance wilh Ihc Common
Public Radio Interface ((:PRI) standard

10. A system for tmlnsporting wireless communications,
cotnprisitlgl

a host unit„
a plurality of remote units, tncludillg at least n first remote

iiult dui! a second rculolc unit:
whcrcin the host unit compnscs BI lwisi one ullcrlimc 10

communicatively couple the host unit to at least one
signal source: I i 1

ivherein the host unit is configured to receive a plurality
ofdownlink channel signals from the at least one signal
soUrcc'I

wherein Ihc host unit ts couligurcd Io send ibglnil repre-
sentations ol'hc plurahty ol'ownhuk cluuuml signals
10 the plurality of renlote units:

wherein the host unit is conhgumsble to send digital
representations of a first set of downlink channel sig-
nals to the Iirst remote unit at a first point in rime, the
first set of dou nhnk channel si naia iilr transmission at Io
du duicuud of Ihc llrst teuton: iuul,

whcrcin thc host unit is conligurablc to send digital
representations of a second set of doivnlink channel
signals to the first renlote unit at a second point in time,
the second set of downlink channel signals for trans-
mission at the antemla of the first remote unit;

wherein a number of down)ink channel signals in the first
sct lif dowuhuk chiuulcl slguiils is dllh:Ical front
number of downlulk channel signals ul Ihc second sci
of downhnk channel signals: and Ii)

wherein the host unit is configured to receive digital
signals from each of the plurality of remote units

11. The system of claim 10, wherein the host umt ts
configured to packetize each digital representation of a
downlmk channel signal. Is

12. 1110 system of claim 10, whcrcul thc host unit is
conncmied to each ol Ihc plurality of remote unils Iluough a
direct connection

13. 'Ihe system of claim 10, wherein the lalst unit ls
connected to each of the plurality of remote units fimlugh an dc

indirect connection.
14. Thc system ol'laim 10, wherein each remote unit

coulpl1stv iu It:dsi ouc ultcifacc 10 couuuiuucallvcly'oiiplc
Ihe rmnotc umt to another oue of the plurality of rorno(a untie
in a daisy-chain configuration

15. A method for pmviding digital signals in a Distributed
Antemta System (DAS). comprisin:

transnlittin fmm a host unit. at a first point in time,
digital rcprc sent a i Iona of a lira l sel ofdow nlulk elmrulc l

stgruils 10 a lirsi rcmoic unit, Ihe lirsi sei ol downlink 0

chduuci signals fol IIBusulwslou Bl Bu Bun:uua of Ihc
firrt remote unit,

transmitting from the host unit, at a second point in time,
digital representations of a second set of downlink
channel signals to the first remote unit. the second set s.
ol'ovsnfink channel signals I'or transmission at thc
anlctula of Ihc lirsl remote ulul,

wherein a number ol'own)ink channel signals ul Ihc Iirsi
set of downhnk channel signals is difi'erent fmm a
munber of downhnk chamlel signals in the second set io
of downhnk channel signals.

16. The method of clann 15, wherein the host unit
dynamically changes based on a change m network cond&-

tions Ibom (a) sending Ilm digital rcprcsmliaiions ol'he lira(
act of downlink chmmcl ~ ignals 10 thc lirsi remote unit to (b) ss
sending the digital representations of the second set of
doivnlink channel signals to the first reinote unit

16
17. The method ol'laim 15. wherein the host urut

dynamically changes based on load balancing from (a)
scudulg thc digital rcpliwt:arduous ol Ihc first scl ol dowu-
link chmlnel signals to the firrt remote unit to (b) sending the
digital representations of Ihc second sci of downlulk channel
sigaals to the first renlote unit.

10. The method of clainl 15, wherein the host unit
dynanlically changes based on a schedule front (a) sending,
the digital representations of the first set of dov nlink chan-
nel signals to Ihc lirst remote umt to (b) scndulg thc digital
representations of the second set of downlink channel si-
nals Io thc lirsi rcmotc unit.

)9. 'I'he method of claim )5, wherein the downlink
chiuulcl slguills Blc pdckt:nzt:il.

20 The method of clainl )9. wherein the downlink
channel signals are packetized in compliance v ith the Com-
nam Public Radio interface ((:PRI) standard

21. A host unit for use in the tmsnsport of wireless
couuutuuciltlons, coulpl1sulg.

at least one interface to conuuunicatively couple the host
unit 10 BI lcBSI Ouc slgudl siiUrcc,

wherein the host unit is confi ured to receive a plumslity
of downlink signals from the at least one signal source,
each down)ink digital of Ihe plurality of downlink
signa)s comprising a plurality of carriers,

at least one interface to conuuunicatively couple the host
unit to a plurahty of remote units, Includulg at least a
lira( remote ulut and a second remote unit:

wherein the host unit is confi ured to send a digital
representation of any carrier of any downlink signal it
receives to any of Ihe plurality of remote units;

wherein the host unit is configured to transmit a digital
representation of a first portion of the plumslity of
cBlrlcls 10 Ihc lit st rculolc Unit dud d dlgilal rcprcscu-
tation ol'a second portion of thc plurality of camera Io
thc second remote unit, wherein Ihc digital rcprcscnid-
tion of the first portion includes destmation information
identifying the first remote unit and the digital repre-
sentation of the second portion includes destination
information Identify ing the second remote unit. the Iirst
portion bculg dillcrcnl Ihan the second portion, and

whcrcin Ihc host ulut Is conligurcd Io rccctvc a digital
representation ol'di least one uplulk signal from each of
the plurality of remote units.

22 The host unit of claim 21 wherein the host unit is
configured to packetize the plurality of downlink signals it
receives in compliance with the Common Public Radio
lntcrlhcc (CPRI) standard to provide at least the digital
representation of Ihe lirst portion and thc digital rcprcsen-
tatlon of thc second poriion.

23. The host unit of claim 21 wherein the destination
information identifying the first remote unit is pmvided in a
header of the di ital representation of the first portion, and
the destmation information idenfifvin the second remote
ulut is provided ul a header of the digital rcprcsenuition of
thc second ptlrnou.

24. The host ulut ol'lmm 21 wherein the at least onc
interface to comnumicatively couple tbe host unit to the
plumslity of remote units compnses an optical interface.

25. The host unit of clainl 21 wherein the host unit is
configured to I/C) map and frame the plumlity of downlink
signals It rcccives Io proiude at least thc digital rcprcscnrd-
tlon of thc lirsi portion mid Ihc digital representation of Ihc
second portion.

26. A host unit tilr use in the transpols of wireless
couuuuulcatiotls, cotllpi'iBltlg:
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ai icasl one uitcrlacc to conunurucaiivcly couple Ihe hosl

unit to at least one signal source:
whcrcin tlu: host unit is conligured to receive a plurality

of dov nlink signals from the at least one signal source,
each downluik signal of the plurality ol'ownlink
signals composing a plurality of carriers;

at least one interface to comnninicatively couple the host
unit to one or ntore additional host units;

wherein the host unit is confi ured to send a digital
representation of any carrier of any downiink signal it
rcccives to the one or morc additional host uiuIs,

ai icasl one uitcrlacc to conunurucaiivcly couple Ihe hosl
unit to a plurality of reniote units. including at least a
first remote unit and a second remote unit:

wherein the host unit is configuired to send a digital
representation of any carrier of any downlink signal it
receives to any of the plurality of remote units;

whcrcin Ihc host unit is configured Io Irmisnut a digital
rcprcscniauon ol a lirst portion of Ihc plurahiy of
carriers to the hrst remote unit and a digital represen-
tation of a second portion of the plurality of carriers to
the second remote unit, the first portion heing ditferent
than the second portion, and

whcrcin Ihc host uiut is conligurcd Io rcccivc a digital
representation ofat least one uplink signal fmm each of
the plurality of remote units.

27 The host unit of claim 26 wherem the at least one
interface to conununicatively couple the host unit to the one
or more additional host units comprises an optical interface.

28. Thc host unit of claun 26 wherein the onc or more
additional host umts includes a plurality ol'dihiional host
units, and the host unit is connected to at least one of the

is plumlity of additional host units thmugh a diiect connection
and at least one of the plurality of additional host units
throu h an indirect connection

29. The host unit of claim 26 wherein the at least one
inlcrlacc lo conunuiucalively couple Ihc host unit to Ihe a1

least onc signal source incluiics a plurahty of interfaces to
communicatively couple the host unit to a plumhty of signal
sources.

3(l 'l'he host unit of claim 26 wherein the digital repre-
sentation of the first portion includes destination iniiirmation

io identifyin the first remote unit andthe di ital representation
of thc second poruon uicluiics destination infounation iden-
tllylllg tile sccollil rciiuitt: illIin
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