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REMOTELY RECONFIGURABLE
DISTRIBUTED ANTENNA SYSTEM AND

METHODS

CROSS-REFERENCES TO RELATED
APPLICATIONS

'Iliis application is a continuation of U S. patent applica-
tion Ser. No. 16/868,748, filed May 7, 2020, ivhich is a
continuation of U.S. potent application Ser. No. I fi/737,419,
filed Jan. 8. 2020, which is a continuation of U.S. patent
applmdtion Scr. No. 16/175,520, filed Oct. 30. 2018. now
U.S. Pal. No 10,701,695, wluch is a contuniauon of U.S.
potent application Scr. No. 15/391,408, vilest Dec. 27, 2016,
noiv U S Pat. No 10,159,074, which is a continuation of is

U.S. parent application Ser. No 14/949.405, filed Nov 23,
2015, novv U.S. Pat. No. 9,531,473; which is a continuarion
ofU.S. patent application Ser. No. 14/169,719. filed lan. 31,
2014, now U.S. Pat. No. 9,419,714, wluch is a contnniation
ofU.S. pdlmit application Ser No. 13,'211,243. IiledAug. 16,
2011. now U.S. Pat. No 8,682,338, wluch clanns Ihe benclil
of U 8 Parent Application No fil/382,836. tiled Sep 14,
2010; the disclosures of which are hereby incorporated by
reference for all purposes

I'l il,l) Oli '11111 INVEN'I'ION

The present invention enerally relates to wireless com-
munication systems emplnying Dictributed Antenna Sys-
tems (DAS) as part of a distnbuted wirelecs network. More so

spccilically, the prcscnt invenuon rclatcs to a DAS ulilizuig
software dclincd radio (SDR).

BACKOROUND OF THE INVENTION
3s

Wireless and mobile network operators face the conlimi-
ing cluillenge of building networks llial effccuvcly manage
high data-tratlic growth rates. Mobility and an increased
level of niultimedia content for end users requires end-to-
end network adaptations that support both new services and do

the increased demand for broadband and flot-rate Internet
access. Onc ol'hc most ihflicult clmllenges Ibccd by nct-
worl operators is caused by thc physical movemenls of
subscribers from onc location to another, and particularly
when wireless subscribers congregate in large numbers at
one location. A notable exaniple is a business enterprise
facility during lunchtime. v hen a large number of wireless
subscribers visit a cafeteria location in the building. At tlmt
nme, a large number ol'ubscribers have moved away from
their ofiiccs and usual work areas. Il*s likely llml duruig o

lunchlmie Ihcrc arc mnny locauons lluoughoul Ihe lacilily
where there are very few subscribers. If the indoor wireless
netivork resources were properly sized during the design
process for subscriber loading ac it is during normal working
hours when subscnbers are in their normal work areas. it is ss
1 cry likely that thc lunchtime scenario will prcscnt some
uncxpcclcd challenges with regard Io avmlablc wirclcss
CdpoCIIV diid laird lhroligllpill.

'Io acconiniodate this variation in subscriber loading,
there are several candidate prior art approaches so

One approach is to deploy many low-power high-capacity
base stations tluoughout the facility. The quantity of bose
slonoim Is detennincd based on thc coverage of each base
slonon mid the total space lo bc covered. Each of these base
slonoim is provisioned with cnougl radio resources. I.c., sc

capacity and broadband data throughput to acconunodate the
niaximum subscriber loadmg ivhich occurs during the

,232 B2

colirsc of flic woikdov iilld win'k week Allllougll rills
approach typically yields a high quahty of service, the
notable disadvantage of this approach is that during a major
part of the time many of the base stations'apacity is being
v asted. Since a typical indoor wireless network deployment
involves capital and operational costs which are acsessed on
a pcr-subscnbcr basis lbr each base station, thc typically
high total lifi: cycle coal for d given cnterpnse I'acility is fdr
from optimal.

A second candidate appmach involves deployment of a
DAS along with a centralized group of hase stations dedi-
cated to the DAS. A conventional DAS deployment falls into
one of two categories. The first type of DAS is "fixed",
where thc system conliguration docsn'I change based on
time of day or other information about usage. The remote
units associated with the DAS are set up during the design
pmcecs so that a particular block of hase station radio
resources is thought to be enough to serve each small gmup
of DAS remote units. A notable disadvants e of this
appmoch is tlmt most enterprises seem to undergo frequent
rc-IIII'ililgCIIICIIIS iiild Ic-olgalllzdllolls of VdriouS gloupS
within lhc cnterpnsc. Thcrcfore. il's highly likely tlml Ihe
initial setup ivill need to be chan ed from time to time,
requinng deployment of additional stafF and contract
resources ivith appropriate levels of expernse regarding
wireless networks.

The second type of DAS is equipped with a type of
network switch which allows Ihc location and qumilily of
DAS remote units assocrarcxt with any particular ccntralizcd
base station to be changed nimnmlly Although this appmach
v ould seem to allow dynmnic reconfigumction based on the
needc of the enterprise or based on time of day. It frequently
requires deployment of additional staff resources for real-
time management of the nenvork. Another issue is that it*a

not always correct or best to make thc same DAS rmuoie
uiut conliguration changes back and lhrth on each day of Ihe
wcck ot the samenmes ol'ay. Frequently II is diflicult or
inipractical for mi enterprise I'I'anager to monitor the
subscriber loading on each base station. And it is almost
certain that the enterprise IT mana er has no practical way
to determine the loading at o given time ofday for each DAS
rmnole unit; they can only guess.

Another maior limitauon ol'prior art DAS deploymcnts is
rclalcd lo lherr umlallaiion, commissioning and opumization
pmcecs. Some challenging issues which must be overcome
include selecting remote unit antenna locations to ensure
proper coverage vvlule mininiizing downhnk mterference
from outdoor macro cell sites, minimizing uplink interfer-
encc lo outdoor macro cell sires, and ensuring proper uilrd-
SJ'SICIII lliiiidovCIS while illdooIS arid WIIIIC iiloviilg holll
outdoors lo rndoors (dnd lice-icrsa) Thc process of per-
forming such deployment optimization is frequently char-
acterized as trial-and-error and as such. the results may not
be consistent with a high quality of service.

A motor limitation of prior art DAS equipment employing
digital trmlsmission links such as optical liber or wired
Elhcmcl rs Ihc fact thol Ihc prior-arl RF-to-digiuil conver-
sion tccluuqucs utilize an approach whereby the system
converts a single broad Rl'mndhvidth of e 8, 10 to 25 Ml lz
to digital 1'herefore all the signals, whether weak or strong,
desired or undesired, contained within that broad bandwidth
are converted to digital, whether those signals are desired or
nol. Tlus approach Ircqumilly leads lo Incflicicncics within
the DAS which hmil the DAS network capacity. It woukl be
prcfhrablc ro mnploy an altemativc approach yiclduig
greater etficiencies and improved tlexibility, particularly tiir
neutral host applications
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In 2008 tiu: FCC further clanlied its E-911 rcquirmncnts
with regard lo Plrasc 2 accuracy for mobile v,irelcss nct-
&vorks. The information required in Phase 2 is the mobile
phone number and the physical location. within a few dozen
yards, from which the call was made 1he C'anadian gov-
emment is reportedly considering enacting similar require-
ments. Also thc FCC is cager to sce US mobile network
operators provide positioning services && 1th enhanced accu-
racy for E-911 for indoor subscribers. There is 0 reported
efli&rt witlun the FCC to try to mandate Phase 2 accuracy

1 I 1

indoor~, within the next 2 years.
Mmiy wireless networks employ mobile and fixed broad-

b;md wireless tenn&nels wluch employ GPS-based E-911
locanon seri iccs. It has beni demonstrated tha(GPS signals
from satellites outdoors don't propagate well into the indoor
space. Therefore an alternative, more robust E-911 location "
detemiination approach is required ti&r indoors, particularly
if the li( ('equirements are changed to be more stringent.

Sci eral US opcrutors have expressed concern about how
they can practically and coal-cfli:cuvcly obtain llu:sc
enhanced location accuracy capabilities. Operators are very 10

ea er to identify a cost-eflective approach which can be
deployed indoors for enhanced location accuracy.

One proposed approach tow:ard indoor location accunscy
ct&I&ancemcnt for CDMA networks woukl employ a separate
unit known as a CDMA Pilot Beacon. A notable ihsadvan-
ta e of this approach for an indoor OAS application is that
since the CDIvLX Pilot Beacon unit is 0 separate and dedi-
cated device and not integrated within the OAS. it would
likely be costly to deploy 1'he Pilot lleacon approach for
CDMA networks employs a Pilot Beacon wnh a uiuque PN

1 1 i

code (ui that arcs) which cfli:ctively divides a particular
CDMA net&s ork coverage area (e.g.. indoors) into nuiltiple
small zones (which each correspond to the coverage area of
a low-power Pilot 13eacon) I iach Pilot 13eacon's location,
PN code and RI'ower level are kttown by the nenvork.
Each Pilot Beacon nnist bc syncluoiuzed lo thc CDMA
network, via CiPS or local base stauon connection. A ven-
able deLay settin permits each Pilot Beacon to have the
applopiliue svstmnl haling lo pcmlh ll&angulalion aiul/or
Cell 10 position detcnnuiation. Onc opuonal bul potentially
costly enhancement to this appmach would einploy a Wire- 30

less Modem for each Pilot 13eacon to provide remote
Alanna. ('ontrol and Monitoring of each ( DMA Pilot Iiea-
con. No known solution for indoor location accumscy
enhancement has been publicly proposed for WC'DMA
networks.

Onc cmididate technically-proven approach toward
indoor location accuracy enhancement for (JSM nenvorks
would employ a separate unit knoivn as a I,ocation Mea-
surement Unit or I MI.J A notable disadvantage of tlus
approach for an indoor DAS application is that. since the 10

LMU is a sepamste and dedicated device and not integmted
withm the DAS, it is cosily to deploy. Each LMU requires

backhmil lbcility to a central scncr whwh mialyzcs thc
I MU measurements I'he I,MU backhaul cost adds to the
total cost of deploying the eiihanced accunscy I &-911 solution
fi&r (JSM networks Despite the availability of the already
teclmically-proven LMU approach. it has not been widely
deployed in conjunction with indoor DAS.

Basixl on thc pnor art approaches dcscnbcd hcrcui, it is
uppercut that 0 highly eflicicnt. easily deployed and dynanu- io

cally reconfi urable wireless network is not achievable v ith
prior art systems and capabihties.

BRIEF SUMMARY OF THE INVENTION
ss

1'he present invention substantially overcomes the limi-
tations of the prior art discussed above 'Ihe advanced

system archilcclurc of thc present invention provales a lugh
degree of flexibility to manage. control. enhance and facili-
tate radio resource eificiency, usage and overall performance
of the distributed wireless network 'I'his advanced system
architecture enables specialized applications and enhance-
ments including flexible simulcast. automatic traffic load-
balancing, network and radio resource optinuzauon, ac(-
work cahbration, autonomous/assisted commissiomng,
carrier pooling, automatic trequeiicy select&oil, radio fre-
quency carrier placenient, traffic monitoring, traflic taggiog„
and indoor location deterniination using pilot beacons 1'he
present im ention can also serve nuiltiple open&tora, nndti-
mode radios (modulation-independent) and nudti-frequency
bands pcr operator to uicrcasc thc cflicicncy and traflic
capacity ol'hc operators'ireless networks.

Accordingly. it is an object of the present invention to
pmvide a capability for I&lexible Simulcast With Iilexible
Sinlulcast, the amount of radio resources (such as 131'arriers.CDMA codes or TDIvLst time slots) assi ned to 0

particular RRU or group of RRUs by each RRU Access
Module can bc scl via sofiwarc control as describcxt here-
inaflcr to mccl dcsircd capacity and tluoughpul obtecuves or
wireless subscriber needs. 'I'0 achieve these and other
objects, an aspect of the present invention en&ploys soft-
ware-progranunable frequency selective Digital Up-('n-
verters (DUCs) and Digital Doivn-Converters (DDCs). A
software-defined Renu&te Radio Head architecture is used
for cost-eflbcttvc opuniiziilion of lhc radio perfonnance.
Frequency schuuvc DDCs and DUCs at thc Rcmolc Radio
I lead enable a high signal to noise ratio (SNR) which
u&axiuuze the throughput iL&ta rate. An embodiment shown
in l&I(i. I depicts a basic stnicture and pmvides an example
of a Flexible Simulcast do&vnlink tmsnsport scenario. FRi. 2

depicts an embodiment of a basic structure of a Flexible
Sunulcasl uplink transport sccnano.

Il is a lhrther obtccl of the present invention to facihtaie
conversion and transpon of ac&eral discrete relatively nar-
row RF bandwidths. In another aspect of the invention, an
embodinient converts only that plurality of specific. rela-
tively narrov: bandwidths that carry useful information.
Thus, this aspect of the present invention allows more
cflicienl usc of the avmlable optical liber transpon bmid-
width for neutral host applications, and facihtates transport
of morc operators'and scgmcnts over the opucal liber. To
achieve the aboie result, the present invention utilizes
frequency-selectiie filtering at the I(emote Radio I lead
v hich enhances the system perfonnance. In some embodi-
ments of this aspect of the invention„noise reduction via
frixpicncy-selective liltcring al thc Remote Radio Head is
uuhzcd for maxinuzuig lhc SNR and conscqucnlly maxi-
nuzing ihc data throughput. It is a furllmr ob)cct ol'he
present invention to provide ('DMA and W('1&MA indoor
location accunscy enhancement In an aspect of the present
invention, an embodiment provides enhanced location accu-
racy performance by employin pilot beacons. FICi. 3
dc1&tots 0 typical uidoor syslmn employuig mull&pic Remote
Radio Head Units (RRUs) and a central Digital Access Urut
(DAU). The Rcmotc Radio Heads have u unique beacon 01st
is distmct mid identifies that particular indoor cell. 'Ihe
mobile user v, ill use the beacon mfi&rniation to assist in the
localization to a particular cell.

It is a further object of the present invention to enhance
GSM mid LTE indoor locauon accuracy. In another aspect,
an enlboduncnt ol thc pu:sent iiivenlion provides localiza-
tion of a user based on thc radio signature of the mobile
device lil(i 4 depicts a typical mdoor systen& employing
nniltiple Remote l(adio I lead IJnits (Rgtla) and a central
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Digital Access Unit (DAU). In accordance with the mven-
tion. each Remote Radio Head provides unique header
ini'ounation on data rcceivcd by that Remote Radio Head.
I he sYstem of the inventioit uses this header intormatioit in
conjunction with thc mobile user*a radio sigmiturc to lucal-
ize the user to a particular cell. It is a further object of the
present invention to re-route local traffic to Internet VOIP,
Yyi-lii or ViiMAX In this aspect of the invention, an
enibodiment determines the radio signatures of the indi-

1 I 1

1 idun) users withui a DAU or Island of DAUs and uses tlus
information to identify if the users are located witlun the
coverage arcs ussocuited with a specilic DAU or Island of
I &AUs. 'I he I &AUs track the radio signatures of all the active
users ssttlun its network and record a runnuig dani base
containing information pertaining to them One embodiment
of the present invention is for the Network Operations
('nter (NO(') to inforni the l&AU that, e g., two specihc
users are collocated v ithin the same DAU or Island of
DAUs, as dcquctcxt in FIG. 6. The DAI Js then rcroutc thc
users to Internet VOIP, Wi-Fi or WibkkX as appmpriate.
Another cmboduncnt ol'he present invention is 1o deter-
mine the internet Protocol (IP) addresses of the individual
users'i-Fi connections. II'hc uidn xlual users'P
addresses arc within the same DAU or Islmid of DAIJs, thc
data call for these users is rerouted over the internal network.

Applications of the present invention are suitable to be
employed with distributed base stations. distributed antenna
systems. distnbuted repeaters, mobile equipment and wire-
less temtinals. portable wireless devices, and other wireless io

commumcanon systems such as nucrowave and satellite
commumcauons. The prcsmit invention is also Iield upgrad-
able thmugh a link such as an lithernet connection to a
remote computing center

Appendix I is a glossary of terms used herein, including 11

acronvnis,

l3RII.I'ESCRIPI'ION Ol'ill i l&RAVilN(iS

Further objects and advantages of the present invention at
can be more fully understood from the followin detailed
dcscupuon taken in con)unction with thc accompanying
drawings in which.

FIG. I is a block diagram according to one embodunmit
of the invention showing the basic structure and an example
of a lilexible Siniulcast downlink transport scenario based
on having 2 DAU and 4 DRU.

FIG. 2 is a block dia ram m accordance with an embodi-
ment ol'hc uivmiuon showing thc basic stnicture aixl an
cxtunple of a Flcxiblc Sunulcast upluik tmnsport sccnauo c

based on hating 2 DAU mid 4 DRI J.

FI(J 3 shows an embodiment of an indoor systeni
employina multiple Remote Radio I lead Units (IUJI)s) and
a central Digital Access Unit (DAU).

FI(J. 4 slmv,s an embodiment of an indoor system in 11

accordance with thc invenuon wluch mnploys multiple
Remote Radio Head Units (RRUs) mid a central Di ital
Access Urut (DAU).

11(i 5 illustrates an enibodiment of a cellular nenvork
systeni employing niultiple Remote Radio I leads according io
to the present invention.

FIG. 6 is a depiction of local connectivity according to
onc clnbodllncnt of thc present ulvcnlliul.

FIG. 7 illustrates an embodiment of thc basic structure of
thc mnbedded sol'twarc control modules which manage kcy si
functions of the l&AU and IUUJ. in accordance with the
present invention

,232 B2
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DETAILED DESCRIPTION OF THE
IN VI JN'I ION

'I'he present invention is a nmel Recontigurable l&istrib-
uted Antenna System that provides a high de ree of flex-
ibihty to manage, control, re-conti ure. enhance and facili-
tate thc radio resource clliciency, usage mid overall
pcrfiinnancc ol'hc distubutcd wirclcss network. An
embodinient of the Reconfiaumble I &istributed Antenna Sys-
tem m accordance with the present mvention is shown in
Iiiti 1. I'he Flexible Sinndcast System 100 can be used to
explain the operation of Flexible Simulcast with regard to
downlink signals. The systeni eniploys a Di ital Access Unit
fuuctionahty (hercuuifter "DAU"). The DAU scrvcs as an
interface to the base stauon (BTS). Tlic DAU is (at one cnd)
connected to the BI', mid on the other side connected to
multiple RIU)s lior the doivnlink (I&I ) path. I&I'ignals
received from the lf1'S are separately down-converted, digi-
tized. and converted to baseband (using a Digital Down-
Converter). Data streanis are then I/O mapped and frmned.
Spccilic parallel data sucams arc thn»ndcpcndcntly seri-
ahzcd and translated to opucal signals using pluggable SFP
nxidules, mid delivered to difi'creat RRI.Js over optical fiber
cable. For the uplink (Ul,) path optical signals received from
RIH)s are deserialized, deframed, and up-converted digitally
using a Digital Up-(.onverter. Data streams are then inde-
pendently converted to the analog domain and up-converted
to the appropuatc RF frcqucncy band. The RF signal is then
dchvercd to thc BTS. An mnboduncnt ol'hc system is
mainly comprised of DAIJI indicated at 1(ll, IUHJI indi-
cated at lt)3, RRIJ2 indicated at 104. 1&AU2 indicated at
102, i&IN)3 indicated at 105. and RRU4 mdicated at it)6 A
composite down)ink input signal 107 fmm, e.c.. a base
station be)on ing to one wireless operator enters DAUI at
the DAU I RF uiput port. Composite signal 1 07 is comprtscxI
of Camera 1-4. A sixond composite downhnk input signal
from c.g.. a second base station belonging to the same
wireless operator enters I &AU2 at the I &AU2 Rli input port
('omposite signal 1()8 is comprised of Carriers 5-8 The
functionality of DAIJI. DAU2, RRUI„RRU2. RRU3 and
RRU4 are explained in detail by U.S. Provisional Applica-
tion Scr No. 61/374,593, entitled '*Neutral Host Arclutccturc
for a Distubutcd Antenna System," tiled Aug. 17, 2t&lt& and
attached hereto as im appmidix. One optical output ol DAUI
is fed to RRU I A second optical output of DAIJI is fed via
bidirectional optical cable 113 to I &AU2 'I'his connection
facilitates netv,orkin of DAUI and DAU2, v hich means
that all of Carriers 1-8 are available within DAUI and
DAU2 to transport to RRUI. RRU2, RRU3 and RRI)4
depending on softwaresettings witluu thc networkcd DAU
system compnscd of DAUI and DAU2 Thc software set-
tings within RRIJI are configured either manually or auto-
matically such that ( arriere 1-8 are present in the downlink
output signal 109 at the antenna port of RRUI The presence
of all 8 carriers means that RRUI is potentially able to
access the full capacity of both base stations fixding DAUI
and DAU2. A possible application for RRUI is ui a wireless
distubution system is c.g., a caPctcria in au cntcrprisc
building during the lunch hour where a large number of
v ireless subscribers are gathered RRU2 is fed by a second
optical port of RRUI via bidirectional optical cable 114 to
RRU2. Opticai cable 114 perfouns the function of daisy
chinnuig RRU2 with RRUI. The software settings within
RRU2 arc conligurcd mthcr manually or automatically such
tha1 Carncrs I, 3, 4 and 6 arc present ui downlutk output
sigaal lit) at the antenna port of RRU2. I'he capacity of
RIH)2 is set to a much Ioiver value than RRUJ by virtue of
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its spccdic Dig&tal Up Convcrtcr scum s. The uid&iidual
Remote Radio Units have integrated frequency selective
l)U( s and I)l)('s with gain control for each carrier '(he
l)AUs can remotely turn on and off the individual carriers
via the gain contml parameters.

In a similar manner as described previously for RRUI, the
sofiwarc settings with&n RRU3 arc conli ured c&ther mam&-

ally or automat&cally such 1hat Carriers 2 mid 6 are present
in downlink output signal 111 at the antenna port of RRU3.
('ompared to the downlink signai 110 at the antenna port of ia
RRI.J2, the capacity of RRU3 which is contigured via the
software settings of RRU3 is much less than the capacity of
RRU2. RRU4 is fed by a second optical port of RRIJ3 via
bidirectional opt&cal cable 115 to RRU4. Opncai cable 115
performs thc I'unct&on of daisy clmuung RRU4 w&th RRU3.
'I'he sofnvare sett&ngs within RRUJ are configured either
manually or automatically such that ( arriers I, 4, 5 and 8 are
present in downlink output signal 112 at the antenna port of
RRU4. The capacity of RRU4 is set to a much lower value
than RRUI. The relative capacity settings of RRUI. RRU2, zo

RRU3 and RRU4 and cau bc adjustctl dynamicaily as
d&scusscd ui counccnon with FIG. 7 1o meet 1hc capac&1y
needs withm the covemge zones deterinined by the physical
positions ofantennas connected to RRI I I, RRU2, RIG J3 and
RRI.J4 respectively

The present invention fac&htates conversion and trmisport
of seveml discrete relet&vely narrow RF bandwidths. Tlus
approach allows convcrs&on of only those muiuple spccilic
rclativcly narrow bandw&dths wluch carry useful or spccilic
information. '111&s approach also allows more efficient use of ic
the available opt&cal fiber transport bandhvidth for neutral
host applications, and allows transport of nx&re individual
operators'and se ments over the optical fiber. As disclosed
in U.S. Provisional Apphcat&on Ser. No. 61/374.593, entitled
'*Neuual Host Arch&tecturc Ihr a D&str&butcd Antmma Sys- ii
tcm." Iilcd Aug. 17, 2010 and also ref&:rring to FIG. 1 of the
instant patent application, D&gitai Up Convcrters located
within the RRU which are dynamically sofnvare-progmnt-
niable as d&&cussed hereinafter can be re-contigured to
transport from the DAU input to any specific RRU output so

any specific narrow frequency band or bands. RF camera or
RF chmmcls wh&ch arc avmiable ai the rcspcmt&vc RF input
port ol'ither DAU. Tlus cspab&1&ty is illustrated ui Flfi I
where only spcmilic frcxluency bands or RF camera appear at
the output of a given RRU.

A related capabihty of the present invention is that not
only can the Digital Up Converters located within each RRU
be configured to transpo&t any specific narrow frequency
band Ihom tlu: DAU u&put to any spccdic RRU output, but
also thc Digital Up Convertcrs widun mrh RRU can be o

conligurcd to transport anY specilic umc slot or lime slo1s of
each carrier from the I )AU input to any specific RRU output.
'I'he l)AIJ detects which carriers and corresponding time
slots are active. Th&s information is relayed to the individual
RRUs via the management control and monitoring protocol s.
software discussed hcrcuiaftcr. Tlus uffbmiat&on &s then
used, as approprgite, by thc RRI Is Ior (urging oil'nd on
individual camera and 1hc&r corresponduig lime slots.

Referring to l&I(i I of the instant patent application. an
alternative embod&nient of the present invention may be rc
described as follows. In a previous description of FIC( 1. a
previous embodiment involved bavin. downlink signals
from two separate base ski(ious belonging to 1hc same
w irelcss operator cuter DAUI and DAU2 mput ports rcspcc-
ni cly. In an altcroanvc embodiment, a second compos&te si
do&vnlink input s&gnal from e.g. a second base station
belonging to a different wireless operator enters I )AU 2 at the

DAU2 RF input port. In this mubodunent, s&gnals bclonguig
to both the first operator and the second operator are
converted and tmnsponed to RRUJ, RRU2. RRU3 and
RRIJ4 respectively. 'I his embod&ment provides an example
of a neutral host ivireless system, v,here multiple wireless
operators share a conumin infmstnicture comprised of
DAUI, DAU2. RRIJI. RRIJ2. RRU3 and RRU4. All thc
previously ment&oned fi:a(urea and advantages accrue to
each of the nvo v,ireless operators

As disclosed in U S Provisional Apphcation Ser No
61/374,593, entitled "Neutral I lost Architecture for a Dis-
tnbuted Antenna System," tiled Aug. 17. 2010 and also
refernng to FIG. I of the instant patent apphcation. the
Digital Up Convcrters present &n thc RRU can be pro-
granmicd to process i anous sigi&al lonnats and modulat&on
types including l&DMA, ('DMA. 'I'DMA. Olil)MA and
otllers. Also, the Digital I.Jp ( onverters p&event in the
respective RIG Js can be pmgrammed to opemte with signals
to be tmnsmitted v, ithin various frequency bands subject to
the capabilities and limitations of the system architecture
d&scloscd ui U.S. Prov&sional Apphcauou Scr. No. 61,'374,
593. ca(i(lcd '*Neuual Host Arclutccturc Ibr a D&stnbuied
Antenna Systenff'iled Aug. 17, 2010. In one en&bodiment
of the present invention &vhere a wideband ('DMA signal is
present ivithin e g, the bandwidth correspond&ng to carrier
I at the input port to DAUI„ the tmnsm&tted signal at the
antenna ports of RRUI. RRU2 and RRU4 v ill be a wide-
band CDIvLA signal winch &s virtually ident&cal to the s&goal
present with&n Ihc bandw i&lib corrcspond&ng to carncr I a1

the input port to l)AU I

As d&sclosed in U S Provisional Apphcat&on Ser No
61/374,593, entitled "Neutral I lost Architecture for a Dis-
tnbuted Antenna System," filed Aug 17. 2010 and also
refernn to FICI. I of the instant patent application, it is
understood that thc D&gital Up Couve&ters present ui the
rcspcctivc RRIJs can bc programnuxl to transnnt any dcs&rcxI

compos&te signal fi&rmat to ctmh of thc rcspimtive RRU
antenna ports As an example, the l)ig&tal IJp ('omerters
present in RIUJI and RRU2 can be dynamically software-
reconfigured as described prev&ously so that the sly&ai
present at the antenna port ofRRU I would correspond to the
spectral prolile shown in FIG. I as 110. and also d&at thc
signal prcscnt at Ihc an(mme port of RRU2 would corrc-
spond to thc spccual prolile shown ui FIG. I as 109. Thc
application for such a dynamic rearrangement of RRU
capacity would be e 8, . if a company nieeting were suddenly
convened in the area of the enterprise corresponding to the
coverage area of RRU2. Although the descript&on of some
embodiments in thc instant application rcfi:rs to base stat&on
s&goals 107 and 108 as bmng on difii:rm&t Iycqucncies, thc
system and method ol'he prcsmit invention read&ly supports
cmifigurations where one or more of the carriers which are
part of base station signals 107 and 1(fg and are identical
frequencies. since the base stat&on signals are digitized,
pacl et&zed. routed and switched to the des&red RRU.

Another cmbodimcnt of thc D&stnbutcd Antenna System
iu accordmicc w &th die prcscnt uivcnt&on w shown ui FIG. 2.
As d&scloscd &n U.S. Provisional Appl&canon Ser. No.
61/374,593, entitled "Neutral I lost Architecture for a Dis-
tnbuted Antenna Systenff'iled Aug 17, 2010 and also as
shown in FICI. 2 the Flexible Simulcast System 200 can be
used to expiain the operation of Flex&ble Simulcast with
regard to upi&nk signals. As discussed prev&ou sly with regard
to downlink s&goals and by rcfemn to FIG. 1, the uplu&k
system shown in FIG. 2 is mainly composed ol'AI Jl
indicated at 201, RRU I indicated at 203, RRU2 indicated at
204, l)AU2 indicated at 202. RRU3 &nd&cated at 205, and
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RRU4 indicated at 206 In a minuter similar to the downlink
operation explained by referung to FICJ. 1. the operation of
thc uplink system shown In FIG. 2 can be undcrslood as
fihllohvs.

lhc Digital Down Couvcrtcrs present ul each of RRUI,
RRJ.J2, RRU3 and RRU4 are dynainically sothvare-conhg-
ured as descubed previously so that uplink signals of the
appropriate desired signal formatfs) present at the receive
antenna ports of the respective RRUI. RRU2. RRU3 and

iii
RRU4 are sclcctcd based on tlm dcsirod uplulk band/a) to be
processed and filtered. converted and transported to the
appropnate upluik output port of cithcr DAUJ or DAU2.
'I'he l)AUs and RRUs frame the individual data packets
col'Icspolullllg to tllclr respective Iadlo slgllB(lire uslllg tile
( ommon Pubhc Interface Standard 1('PRI) ()ther Interface
standsards are applicable provided they uniquely identify
data packets hvith respective RRUs I leader infi)unation is
transmitted along with the data peel et hvhich identifies the
RRU and DAU thut corresponds to the individual data
packet.

In onc cxiunple Ihr thc embodiment shown in FIC. 2,
RRJ.JI and RRU3 are configured to receive uplink signals
within the ('arrier 2 bandwidth. whereas RRU2 and RRU4
are both configured to reject uplink signal ~ within the
('arrier 2 bandwidth When RRU3 receives a strong enou h
signai at its receive antenna port within the Carrier 2
b;mdwtdth to be properly liltcred mid processed, the Di ital
Down Convertcrs within RRU3 facilitate proccssm and
conversion Sinlilarly, hvhen RRU I receives a strong enough so

signal at its receive antenna port within the Carrier 2
bandhvidth to be properly filtered and pa)ceased. the l)igital
Down Converters v ithin RRUI facilitate processing and
conversion. The Bi@tais from RRUI and RRU3 are com-
bined based on the active signal combuung algoritluu, and ls
arc fcd to tlu: base station connected to thc uplink output port
ol'DAUI. Thc tenn sunulcast is frequently used to describe
the opemtion of RRJ.JI and RRU3 with regard to uplink and
dohvnlink signals within Carrier 2 bandhvidth I'he ternl
Flexible Simulcast refers to the fact that the present inven- so
tion supports dynamic and/or manual rearran ement of
wluch spccilic RRU arc ulvolvcd ul thc signal combining
process for each Carucr bandwnlth.

Rcfcrring to Flfi 2, thc Digital Down Convcrters presmlt
in RRUI are configured to receive and process signals
within ('arrier I -g bandwidths I'he l)igital Down Convert-
ers present in RRU2 are configured to receive and process
signals within Carrier 1. 3, 4 and 6 bandwidths. The Digital
Down Com ertcrs prcscnt ul RRI 13 are coniigurcd to rixeive
and process signuls w itluu Carrier 2 and 6 bandwidths. The o

Digital Down Convcrtcrs prcscnt ul RRU4 are conii urcd to
receive and process signals within ( arrier ], 4. 5 aild g

bandhvidths 'I'he respective high-speed dio ital signals result-
ing front processing performed within each of the four RRU
are routed to the nvo DAUs. As described previously, the ls
uplink signals from thc Ihur RRUs are combuled w i(hut thc
rcspccuvc DAU corresponding to each base station.

All BSpcct Of JIIC prCSCilt lllvclltloll ulCludcs Bll ill(Cgl'Bu:il
Pilot i3eacon function within the each RRU In an embodi-
ment, each RRU conlprises a uilique software progrant- so

mable Pilot Beacon as discussed hereinafter. This approach
is intended for use in CDMA and/or WCDIvLsh indoor DAS
networks. A very sunilar approach cml be cfii:ctwe for
indoor location accuracy cnhanccmcnt lor other t)pcs of
networks such as LTE and WIIvWX. Bixausc each RRU is ss
already controlled and monitored via the DAUs which
comprise the network, there is no need fi)r costly deploy-

ment of additional dcihcntcd wireless modems for remote
monitoring and contml of pilot beacons

An RRIJ-integrated Pilot 13eacon approach is employed
for both ('l)MA and WCI)MA networks. I iach operational
pilot beacon fiulction within an RRU employs a unique PN
code (ut that area) hvhich efi'ectively divides the W('DMA or
CD1VLA uldoor network covcragc arcu uito multiple small
'*zones'* (which each corrcspond to thc coverage area of a
low-power Pilot 13eacon) I iach Pilot Iieacon's location. PN
code and RF Pohver level are known by the network I!Bch
Pilot 13eacon is synchmnized to the W('l)MA or ('l)MA
network, 1ia its connection to the DAU.

Unlike the transmit signal from a base station which is
"dynamic", thc Pilot Beacon transmit signal will be cfibc-
tivcly '*static** and its downlink nu:ssagcs will not chim c
over time based on nethvork conditions.

lior a W('l)MA network. in Idle mode each mobile
subscriber terminal is able to perfoun Pilot Signal measure-
ments of downiink signals transmitted by base stations and
Pilot Beacons. When the WCDIvLA mobile subscriber ter-
Illlllal tl'iillstttolls to Active iuildc, tt reports to thc'. scrvlllg
cell all its Pilot Signal mcasurmuents I'or base stations and
for Pilot lieacons lior ('DMA networks, the operation is
very sinliLsr. Iior some RRU deployed in an indoor nenvork,
the RRIJ can be pnhvisioned as either a Pilot 13eacon or to
serve mobile subscribers in a particular opemtor bandwidth,
but not both.

For aWCDMA ac(work cxistulg Inhcrcnt capabilities of
thc globally-standardized networks are mnployixh Thc
WCI)MA mobile subscriber terminal is able to measure the
stmngest ('PI(JI I RSCP 1PIIOI Signal ('ode Power) in either
Idle mode or any of seveml active modes Also. measure-
ments of CPICH Ec/No by the mobile subscriber terminal in
either Idle mode or any of several active modes are possible.
As a result, thc mobile subscubcr terminal rcpons all
aviulablc RSCP and Ec/No mcasurcmcnts via the servulg
base station /whether mdoor or outdoor) to Ihc network.
13ased on that information. the most hkely mobile subscriber
terminal location is calculated and/or determmed. I'or
CDMA nethvorks, the opemtion is very similar to the process
described herein.

A previously dcscubcd embodimmlt of thc present inven-
tion rcfcrring to FIG. I invoh cd lraving u w nleband CDIvLA
signal present w I(hut c.g., the bandwidth corrcspondulg to
carrier I at the input port to DAJJI In the previously
described einbodinlent, the transmitted signal at the antenna
ports of RRUI. RRU2 and RRU4 is a wideband CDMA
signal which is virtually identical to the siytal present within
the bandwidth corresponding to carncr I at thc input port to
DAUI. An altcmativc embodunmlt of the prcscnt ulvcntion
is one whore a widcband CDMA signal is prcscnt within
e g., the bandv,idth corresponding to carrier I at the input
port to l)AU I. I lohvever. in the alternative embodiment the
transmitted signal at the antenna pott of RRUI differs
slightly from the previous embodiment. In the alternative
mubodunent, a widcband CDMA signal is present within
c g., thc bandwidth correspondulg to carncr I at thc input
port to DAUI. The transmiuixl signal Iyom RRUI is a
combination of the wideband ('l)MA signal which was
present at the input port to l)AU I. along with a specialized
WCDMA pilot beacon signal. The WCDlVLA pilot beacon
signal is intentionally set well below the level of the base
statloll pilot Slgllal.

A further altcrnauvc emboduncnt can bc explaulcd rcfi:r-
ring to FI(L 1 wluch applies ul thc case whcrc CDlVLA

sigaals are generated by the base station connected to the
input port of l)AU I. In this further alternative enlbodiment
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ofthc present &nv enuon, Ihc transm&ncd signal al lhc ante&uia
port of RRUI is a con&bination of the COMA signal wluch
was present at the input port to l)AUI, along v ith a
specialixed Cl)MA pilot beacon signal 1he ('l)MA pilot
beacon signal is intentionally set well below the level of the
base station pilot signal.

An embodiment oi'hc present uivcnt&on provides
cilhBnccil deca&is:y for ilcn:r&irma&g I&ical&0&i 01 i&door w&rc-

less subscribers I&IG 4 depicts a typical indoor systeni
employina multiple Remote Radio I lead Units (RIB)s) and &0

a central Dmital Access Unit (l)AU) Each Remote Radio
Head provides a unique header information on dam rece&ved

by that Remote Rad&o Head. This header information in
conjunction w&th thc mob&lc user*a rad&0 sigmiturc are used
10 loci&hLC &lie user 10 a pd&hculiu cell. The DAU s&gnal

pmcessin can ident&fy the individual carriers and their
correspondin time slots A header is included with each
data packet that uniquely identifies the corresponding RRU.
The DAU can detect the carrier frequency and the corre-
sponding time slot associated with the individual RRUs. The 30

DAU has a runn&ng data base that almuilies each carrier
frequency and t&mc slot w&th a rcspecuve RRU. Thc carncr
frequency and time slot is the radio signature that uniquely
identifies the (iSM user

1'he l)AU communicates w&th a Network Openstion ('en-
ter (NOC) via a Ethernet connection or an external modem,
as depicted in FICi. 5. Once a E911 call is initiated the
Mob&lc Sw&tching Center (MSC) ui conluncuon with thc
NOC can idenufy thc corresponding BascTransceiver Sta-
tion (131 5) where the user has pLsced the call. 'I'he user can io
be Iocafired within a 13IB cell 'I'he NO('hen makes a
request to the ind&v&dual DAUs to deter&nine if the l&911

radio signature is active in their indoor cell. The DAU
checks its data base for the active carrier frequency and time
sion H lliiu &dd&0 s&gni&tare &s Bcnvc ni tlic DAIJ, llic&i ll&BI &s

DAU 0 ill provide thc NOC 0 &th thc location information of
thc corresponduig RRU.

A further embodiment of the present invention includes
11'll to provide enhanced accuracy ti&r determining the
location of indoor v ireless subscribers. Cr'SM uses Indi- do

vidual carriers and time slots to disti&iguish users whereas
LTE uses muluplc carncrs and lime slol mfi&ma&non 10

d&stinguish users. Thc DAU can s&mullancously detect mul-
uplc carr&ers mid thc&r correspondm umc slots to uniquely
identify the I.TI: user The DAU has a n&nning data base that
identities the carrier frequencies and time slot radio smna-
ture for the respective RRU. This information can be
retrieved from the NOC once a request is made to rhe DAU.

Reihrnng next to FIG. 7, lhc DAU embedded sofiware
control module and RRU mnbcddcd software control mod- 0

ulc cdn bc bcllcr understood ui connect&on w&lh Ihe opera-
tion of key fiuictions of the l)AU aod RRU One such key
function is detennin&ng and/or setting the appnipriate
aniount of radio resources (such as RF carriers. CDICL&&

codes or TDI&LA time slots) assigned to a particular RRU or &s

group of RRUs to meet dcs&rcd capacity and tluoughpul
oblccxnca. The DAU embedded soft&s»rc control module
comprises a DAU Morutoring module that detects which
carriers and corresponding time slots are active for each
RIB) 'I'he DAU embedded sofnvare control module also io
comprises a DAU Management Control module which com-
municates with the RRU over a fiber optic link control
cluutncl 3 ia a control protocol with Ihe RRU Mmiagement
Control module In turn, the RRU Managemmit Control
module acts thc uidiv&dual paramctcrs of all lhc RRU D&gual ss
Up-Converters to enable or disable specific radio resources
fmm being transmitted by a particuLsr RRU or go&up of

RRUS, and also sets thc mdividual parameters of all thc
RRU Di ital Down-Converters to enable or disable specific
uplink radio rcsourccs Ibom being processed by a paruculdr
RRU or group oi'RRUs.

In an embodiment, an alaonthm operating w&thin the
DAIJ Monitoring module, that detects which carriers and
corresponding time slots for each carrier are active for each
RRU. provides information to the DAU Mana ement C:on-
trol module to help identify &shen, e g.. a particular downlink
carrier &s loaded by d pcrccntage grcatcr than a predetcr-
m&ncd llucshold win&sc & slue &s commun&cated to thc DAU
Mansgement Control niodule by the l)AU's Remote Moni-
toring mid (.'ontml function If that occurs, the l)AU Man-
a ement Control module adaptively modifies the system
configuration to slowly begin to deploy additional msdio
resources (such as RF carriers, C:DMA codes or TDMA time
slots) Ihr usc by a pdrtimildr RRU wh&ch nccd those radio
rcsourccs % &&lint &m coi Old gc i&rca. Al lhcsBB&c n&i&c, ui Bl

least some embodiments the l)AU Management ('ootml
nuidule adaptively modifies the system configuration to
slowly begin to remove certain radio resources (such as RF
carriers. CDIVLA codes or TDMA time slots) for use by a
particular RRU &vhich no longer needs those radio resources
willun &Is covcragc arcs. Another such kcy funcuon of thc
DAU cmbcddcd sofiware control module and RRU cmbcd-
ded software control module is determining and/or setting,
and/or analyzing the appropriate transmission parameters
and monitoring parameters fi&r the intepated Pilot Beacon
funct&on contained within each RRIJ. These Pilot Beacon
trmismission and monitoring parameters include Beacon
Enable,'D&sable, Beacon Carrier Frequenc&cs, Beacon Trans-
nut Power, Beacon PN Code, Beacon Downl&nk BCH Mes-
sage ('ontent, lieacon Alarm, 13eacon Delay Setting and
13eacon l)clay Adjustment Resolution. 'I'he RRt J Pilot 13ea-

cmi ( ontrol module comnmnicates with the pilot beacon
generator function in the RRU to set and monitor the pilot
beacon parameters as listed herein.

In su nuns ry, the Recon ligurab1c D& stnbu 1 cd Antenna Sy s-

tem Of the prcscnl invention descnbcd herein ciliciently
conserves resources and reduces costs 'I'he reconfigurable
system is adaptive or manually field-programniable, since
the algorithms can be adjusted hke software in the digital
processor at any time.

Although the present invention has been described with
reference lo thc prcibrrcd embod&ments, &t will bc under-
stood that thc &nvcnl&on is Boil&mited to Ihc dcta&ls de&cubed
thereof. Various substitutions and niodihcations have been
suggested in the tiiregoing description, and others w ill occur
to those of ordina&y skill in the art I'herefi&re, all such
subst&tutions and modifications are Intended to be embraced
within the scope of the invention as defined in the appended
cldni&s

APPENDIX I

Glossary of Terms

ACLR Ad)scent Clmnncl Lcakagc Rat&o
A('PR Adjacent ('hannel Vower Ratio
AD(.'nalog to l)igital ( onverter
AQDM Analog Quadrature Demodulator
AQM Analog Quadrature Modulator
AQDh IC A&mlog Quadrature Demodulator Corrector
AQMC Armlogy Quadrature Modulator Corrector
BPF Bandpass Filler
13 lsg 13ase 'I'ransceiver System or 13ase Stat&on
('l)MA (.'ode l)ivision Multiple Access
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CFR Crest Factor Rcducuou
DA('igital to Analog Cnnverter
DAU Digital Access Unit
Dipl Detector
DHMPA Digital Hybnd mode Power Amplifier
I)l)('inital l)nwn ('onverter
DNC Down Converter
DVA Doherty Vower Amplifier
DQDM Digital Quadrature Demodulator
DQM Digital Qumlrnlure Modulator
DSP Digital Signal Processing
DUC Digital Up Converter
Ill !I( I invelope I:limination and Restoration
EF Envelope Following
I:1'invelope Tracking
EVM Error Vector Magnitude
lilil VA I'eedforward I.inear Power Amplifier
lit l( I'inite Impulse Response
FPQA Field-Programmable Ciate Array
QSM Cilobal System for Mobile C:ommunications
I-Q In-phase/Quadrature
IF Inlcmiediale Frequency
LINC Linear Arnplification Usui Nonhnear Components
I 0 I.ocal Oscillator
I Vl'.ow Pass Iiilter
M('PA Multi-Carrier Power Amplifier
MDS Multi-Directional Search
OFDM Orthogonal Frequency Division Multiplexin
PA Power Amplifier
PARR Peak-to-Average Power Ratio
VD Digital l3aseband Vredistortion
VI I. Phase I ocked I.oop
PN Pseudo-Noise
QAM Quadrature Amplitude Modulation
QPSK Quadrature Phase ShiA Keying
RF Radio Frcqucncy
RRH Rmuotc Radio Head
l(lpdl Remnte Radio head Unit
)AW Surface Acoustic Wave I'ilter
UMTS Universal Mobile Telecommunications System
UPC Up Converter
WCDMA Wideband Code Division Multiple Access
WLAN Wirelcss Local Arcs Network

What is claimed is
1. A wireless system ix)mprisin:
one or more central nodes that receive a number of a

plurality ol'atio resources from mi operator hub llial
miablcs wirclcss communications and IItat provnles the
plurality of radio resources to a raiho access network
using the Comnlon Public Radio Interface (CPRI)
pmtocol, and

a plumlity of wireless access points that is coupled to the
one or more central nodes and distributes one or more
wireless st~tale to oue or more wireless subscnbers,
thc plurality ol wireless access poinm includm a! least
a first access pouit and a second access pouit,

wherein nne or more central nodes assigtts a tirst subset of
the number of the plurality of radio resources tn the hrst
access point and a second subset of the number of the
plurality of radio resources to the second access point,
the first subset includuig morc radio rcsourccs tlrui the
second subset, and

whcrcin. ui rcsponsc lo a change in need ol'a munbcr of
wireless subscribers coupled to the second access point
and which of the second subset is loaded beyond a

llucshold, the one or more central nodes asmgn addi-
tional radio resources of the plurality of radio resources
to the second access point.

2 1'he wireless system of clainl l. wherein the change in
need is determined based on a change in capacity needed by
the number of v,ireless subscribers coupled to the second
access pouil or a change in throughput uccdcd by thc number
of wireless subscribers coupled to thc second access pout(.

3 'I'he v;ireless system of claim l. wherein the additional
io resources are included in the first subset prior to being

assigned to the second access pnint, and wherein the one or
more central nodes assign the additional radio resources of
the plurality of radio resources to the second access point
compnscs removing lhe additional resources Irom the first
subset assigned to thc Iirsl access point.

4 11ie wireless systenl of claim I, wherein the one or
more central nodes analyze one or nlore transmission param-
eters assnciated ivith the second access point to determine
the change in need.

zo 5 The wireless system of cLaim I, wherein the one or
more central nodes dclcrnuncs thc change in need by
dclcrnuning thai al least one Iransmissiou parmncler asso-
ciated with the second access pnint is greater than a tluesh-
old

(3 I'he wireless systenl of clainl 1. wherein the first access
point belongs to a first sector and the second access point
belongs to a second sector.

7 Thc wirclcss system of claim I, wherein llm Iirsl access
point belongs to a Iirst buikling and thc second access pouit

Io belnngs to a second building
g 11ie wireless systenl of claim l. wherein at least one of

the plurality of wireless access points enables communica-
tion between an IP device and the one or more central nodes.

9 The wireless systenl of cLsim I, wherein at least two of
33 lite pluiiilil)'f wilclcss access polllts arc coiulccled iii a

daisy chain minuter Io relay conununications bctwccn al
least a subset of Ihc plurahly of wirelcss access pouils.

ill. 1'he wireless systenl of claim I, wherein a transmis-
sion power provided by at least one of the plurality of

so wireless access points is conti urable via software.
11. The v,ireless system of cLsim 1. wherein the one or

morc onc or morc central nodes are coupled to a plumlity of
operator networks via ihe operator hub.

12. A method comprising.
receiving a plurality of radio resources front an operator

hub that nperates using a ('ommon Public Radio Inter-
face (CPRI) protocol:

assignin a first subset of the plurality of radio resources
to a Iirst access pout( include in a plurahty of wireless

o access points and a second subset of thc plurahly of
radio resources lo a second access point included in Ihe
plunslity nf wireless access pomts, the first subset
including nlore mdio resnurces than the second subset;
and

s. in response to a change in need of a number of wireless
subscnbcrs coupled to the second access pouit and
which of the second subset is loaded beyond a thresh-
old, assigiung one or morc additional radio rcsourccs of
the plurality of audio resources to the second access

to point
13. The method of clainl 12. wherein the clmn e in need

is determined based on a chan e in capacity needed by the
number of wireless subscnbers coupled to the second access
point or a change in lluuughpul nccdcd by tlie iiiiinbcr of

si wirclcss subscnbcrs coupled to lhc second access point.
14. 'I'he methnd of claim 12. wherein the ime or more

additinnal resnurces are included in the first subset prior to
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bctng asstgncxl to thc second access point, and whcrctn
assigning the one or more additional radio resources com-
poses removing the one or more addittonal resources from
the first subset assigned to the first access point

15. The method of claun 12, further composing analyzing
one or more transntission paranteters associated with the
second access point to determine the change in need.

16. 1 he ntethod of claim 12, where the first access point
belongs to a hrst sector and the second access point belongs

1 It
to a second stxtor.

17. The method of claim 12. where the first access point
belongs to a lirst butldtng and thc second access point
belongs to a second butlding

18. Thc method of clmm 12, wherem at least one of the
plurality of wireless access points enables communication
between an IP device and one or more central nodes

Ip. 'I'he method of claim 12. wherein at least two of the
plurality of wireless access points are connected in a datsy
chatn mmuter to relay communications bctv,cen at least a
subset of the plurality of wireless access points

16
20. Onc or morc non-transttory computer readable stora c

medta storing tnstntcuons that, when cxccutcd by onc or
more processors. cause the one or more processors to
perfomt the steps of:

receiving a plurality of radio resources front an operator
hub that operates using a Common Public Radio Inter-
face ICPRI) protocol.

asstgtung a lirst subset of the pluraltty of radto resources
to a first access point included in a plumlity of wireless
access points and a second subset of the plurality of
radio resources to a second access point included in the
plurality of vvireless access points, the first subset
including more radio resources than the second subset;
allri

tn response to a change tn need by a number of wireless
subscnbcrs coupled to thc second access potnt and
v hich of the second subset is loaded beyond a ttuesh-
old, assio ning one or more additional radto resources of
the plurality of radio resources to the second access
poutt.
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