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OPTIMIZATION OF TRAFFIC LOAD IN A
DISTRIBUTED ANTENNA SYSTEM

CROSS-81111&RI&N('lig 'I'0 REI A'I'ED

APPLICATIONS

This application is a continuation of pending, U.S, patent
application Ser. No 13/')50,160 filed.lul 24, 2013. now U S.
Pat. No. 10.506,454, entitled "OPTIMIZATION OF TRAF-
FIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM",
which application claims priority to U.S. Provisional Patent
Application No. 61/678,016, tiled on Jul. 31, 2012, m&titled
"OPI IMI/A'I ION Ol'I'RAI&l&l( I OAI) IN A DIS'IRIII-
UTED ANTENNA SYSTEM". Thc aforcmenuoned appl&-

ca&iona are incorporated herein by reference, in their
entirety. for any purpose.

SUMlVL&&RY OF THE INVENTION

zo
The present invention generally relates to wireless com-

mu&ucat&on systems mnploying Distributed Ante&u&a Sys-
tems (DAS) as part of a distributed wireless network. More
spccilically, thc present &nvcnuon rein&es to a DAS ut&izing
tratTic mon&turing and optimization Wireless netv ork opera-
tors faces the continuing challenge of building neuvorks that
efl'actively manage hig&hdata-traflic growth rates. Mobility
and an incrcascxt lcvcl of mulumedia content fi&r end users
typically employs cnd-to-i:nd network adaptations that sup-
port new services and the increased de&nand for broadband io
and flat-rate Internet access One of the most d&tTicult

challenaes faced by network operators is caused by the
physical movement of subscribers from one location to
another„and part&cularly when wireless subscribers congre-
gate u& large numbers at ouc locat&on. A notable cx unple &s &s

a business m&tcrprisc facil&ty duung lunchtime. vhcn a large
number of wirelcss subscubcrs v&sit a lunch room or caf-
eteria locat&on in the buildu&g At that time. a large nun&her
of subscribers have moved away from their oflices and usual
isork areas. It's hl ely that during lunchtime. there are many so
locations throughout the facility where there are very few
subscribers. If thc &ndoor w&relcss network resources werc
properly sized during thc design process lbr subscuber
loadu&g as &t &s duung normal working hours when subscmb-
ers are in the&r &&urn&al work area~. it is very likely that the
lunchtime scenauo will present some unexpected challenges
with regard to available w ireless capacity and dam tluough-
put.

According to an cmboduncnt of thc present mvcnt&on, a
system for dynam&cally routu&g signals u& a Distributed o

An&em&a System &s prov&dcd Thc system u&eludes a plural&ty
of 1)igital Access Units (DAUs). 1'he plurality of DAUs are
coupled and operable to route signals between the plurality
of DAUs. The system also includes a plurality of Digital
Remote IJnits (DRIJs) coupled to the plurality of DAUs and»
operable to transport signals between DRUs and DAUs. Thc
system I'urthcr includes onc or more Base Trm&scen er Sta-
uorm (BTSs) and one or more trallic momtoung units.

Accordin to another embodiment of the present inven-
tion, a systeni fi&r dynamically routing signals in a l)istrib- ri&

uted Antenna System is provided. The system includes a
plurality of Digital Access Units (DAUs). The plurality of
DAUs are coupled and operable to route signals between the
plurality of DAUs. Thc system also u&eludes a plurahty of
Dig&tal Remote Units (DRUs) coupled to the plurahty of ss
l)AUs and operable to transport signals between DRIJs and
l)AUs and a plurality of 13ase 'I'ransceiver Stations (13'I')).

,3)(2 B2

Thc system further incluilcs a plural&ty ol'rallic morutoung
modules and a network optimization oal and optimization
algo&&tll&1&.

In an embodiment, a system fi&r dynan&ically routing,
signals in a D&stributed An&mme System is prov&dcd and
includes a plurality of l)igital Access Un&ts (DAlls) 1'he

plurality of DAUs are coupled and operable to route si naia
between the plurality of DAUs. 1 he systen& also includes a
plurality of Digital Ren&ote IJnits (DRUs) coupled to the
plurahty ol DAUs and operable to transport s&gnals be&warn&

DRUs and DAIJs and one or more Base Transceiver Stations
(BTSs). The system lhrther includes a trallic morutoung
ilii&t.

Numerous benelits arc achieicd by way of thc present
invention over conventional techniques l&or example,
embodiments of the present invention provide for tmsflic

nxmitoring in a l)AS network. improv&ng ne&work pertbr-
mance and user experience. These and other embodiments of
thc u&vm&&ion along with many of &ts advantages m&d Ice&urea

are described in more detail in conjunct&on with the text
bclo&v and auachcd ligures.

BRIEF DESCRIPTION OF THE DRAWINGS

FICi I is a block d&agrrun accorihng to one cmboduuent
of the invention showing the basic structure and an example
of the transport u&utinv, trafiic monitonng and network
optiniization based on lmvin a sin le 3 sector 13T) with 3

DAUs and 7 DRUs daisy chained together for each ceil.
FICi 2 &s a block d&agram accordu&g to onc embodiment

of the ini ention showing the basic structure for a frequency
reuse pat&em of N=l m&d an example of thc tmnsport
muting, traffic monitoring and nenvork optimization based
ou havuig a s&ngle 3 sector BTS w&th 3 DAUs and 7 DRUs
da&sy chained together fi&r each cell

FICi 3 is a block d&agrrun accorihng to one cmboduuent
of the invention showing the basic structure and an example
of the transport u&utinv, trafiic monitonng and network
optiniization based on having mutt&pie 3 sector 13'I')s with 3

DAUs md 7 DRUs daisy chained together for each cell. In
th&s cmbodimcnb muluplc tlucc sector base suitions arc
connected to a daisy clmined DAS network.

FICi 4 is a block d&agram ol a Dig&tel Access Un&t (DAU),
v hich contains Physical Nodes, a I ocal Router, and Port
Tratfic Monitoring capability according to an embodiment
of the present invention.

FICi 5 &s a block diagram of a D&g&tal Rcmotc U&ut

(DRU). wluch contains Phys&cal Nodes. a Remote Router,
and Port Traflic Momtoung capabil&ty accordu&g to an
embodinient of the present invention.

l&I(i 6 depicts a typical topology where multiple l,ocal
Routers are interconnected with mutt&pie Remote Routers
along with Tratfic monitoring and Network Optimization
fuuct&onahty accordu&g to m& embodiment of thc prcscnt
iuvm&&ion.

FICi 7 depicts u typical topology where multiple Local
Routers are interconnected ivith multiple Remote Reuters
along with TratTic monitoring at each Picocell and Neuvork
Optunization functionality according to an embodiment of
the present invention.

FICi 8 depicts a tvp&cal topology w herc multiple Local
Routcrs are intcrconnccted w&th mutt&pie Remote Routcrs
along &vith Trallic momtoring at each P&coccll m&d Nctwurk
Opt&mization functionality accordin to an embodiment of
the present invention
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FIG. 9 ls a sunphiied flowclrdn lllustralulg a method of
optimizing the DAS network accordillg to an embodiment of
thc prcscnl ulvcunou.

FIG. 10 is a snuplilicd flowchan illuslratuig a method of
calculating KRIS and QOS for a l)AS network according to
an embodiment of the present imention

FI(k 11 is a simplified flowchart iilustratin an optimi-
zation algoritlun according to an embodiment of the present
hlvcrltlon.

DI ITA I I ED I )Ill('Rlfzi'ION Ol I 'lT I I:
INVENTION

To accouuuoddlc Cans(ious ul wireicss subscuber loading
dl zilch:ss network Iuni UUB locations Bl Callous fiuu s of ilav I

and fi&r ditTerent days of the week. there are several candi-
date conventional approaches

One approach is to deploy nlany low-power high-capacity
base stations tluoughout the facility. The quantity of base
stations is determined based on the coverage of each base Io
a(anon mid the lotul space lo bc covered. Each of these base
stations is provisioned with enon@i radio resources. I.C.,

capacity and broadband data throughput to acconunodate the
nlaximum subscriber loadmg ivhich occurs during the
course of Ihe workday and work week Altlx&ugh tlus
approach typically yields a high quality of service for
ivireless subscnbers„ the notable disadvanmge of tlus
approach is that many of thc base stauons'apacity is being
was(cd Ibr a lar e part ol'hc time. Sulcc a typical uldoor
wireless nenvork deploynlent involves capital and opera- io
tional costs which are assessed on a per-subscriber basis for
each base station. the typically high total life cycle cost for
a iven enterprise facility is ihr I'rom optimal.

A second candidate approach involves deployment of a
DAS along with a ccntrahzed group of base suitlolw dedl- &i

cd(ed lo lhc DAS. A conventional DAS deployment Ihlls ulto
one of two categoncs. The lirst iype of DAS is '*Iixcif',
where Ihe systenl configuration doesn't change based on
time of day or other information about usage. 1he renlote
units associated with the DAS are set up during the desi n do

process so that a particular blocl of base station radio
resources is thought lo bc enough lo serve each small group
of DAS remote units. A notable ihsadvmlta e of tlus
approach ls Ilrdt most cnlerpnscs siwm lo undergo froqucul
re arrangements and re organizations ofvarious staif groups
within the enterprise I'herefi&re. it's highly likely that the
initial DAS setup v ill need to be changed from time to time,
requiring deployment of additional direct staiT and contract
resources with appropnale Icvcls ol'xpcrtlsc rcgardulg
wirelcss networks. o

11&c second type of DAS is cqulppcd with a type of
netivork switch which allows the location and quantity of
l)AS remote units associated with any particular centralized
base station to be changed mamially. Although this approach
ivould appear to support dynamic DAS reconfiguration»
based on Ihc needs ol'he enterprise ur based on nmc of day,
il frcqucnlly uuplms that additional stafl resources would
niwd to bc assigned to provide real-Umc mmlagcment of thc
netivork. Another issue ls that it's not always correct or best
to make the same DAS remote unit configuration changes io
back and fi&tth on each day of the week at the same times of
day. Frequently it is dificult or impmlctical for an enterprise
IT manager to monitor the subscubcr loadmg on each base
station. And lt ls nlmost ccrtaul Ihat Ihe mllerpnsc IT
manager has no pracncal way lo detcunine the loadmg al a si

iven time of day for each DAS remote unit; they can only
uess Ihe percentage loading

Another maior lunilalion of convmltlonal DAS dcploy-
ments is related to their installation. commissioning and
optimizatiiul process Some challen ing issues which must
be overcolne include selecting remote unit antenna locations
to ensure proper coverage while nunimizing downlink inter-
ference from outdoor macro cell sites, minimizing uplink
hllcrfcrcuce Io UUlilix&r uulcro cell st(ca. Bud cusUnng propel
intra-system hanikn era while indoors aud while movulg
from outdoors to indoors (and vice-versa). 'I he process of
performing such deployment optimization is frequently
characterized as trial-and-error. I herefi&re. the results may
not be consistent with a high quality of service.

Based on the conventional approaches described herein. it
is apparent that a lughly cflicimlt, easily dcploycxi and
dynamically rcconiigurablc wireless network ls not aclucv-
able v ith conventional systems and capabilities limbodi-
ments of the present invention substantially overcome the
linutatlons of the conventional approach discussed above
The advanced system architecnlre provided by embodiments
of the present invention provides a high degree of flexibility
to ulauligc, counol, cuhaucc dud f'lclhtatc radio rcsoUlcc
efliclcncy, usage and o& crdll pcrfonnunce of thc dtstltbulcxI
wireless nenvork 'I'his advanced systenl architecture
enables specialized applications and enlmncements includ-
ing, but not limited to, flexible simulcast, automatic traflic
load-balancing, netv'ork and radio resource optimization,
network calibration. autonomous/assisted commissionhtg,
carrier poohng. aulomanc Iyequeucy sclcctlou, radio fre-
quency carncr piecemeal, icdflic molutonug, Imd/or traflic
tagging. Iiinbodinlents of the present invention can also
serve multiple operators. nlulti-mode radios (moduhltion-
independent) and multiple frequency bands per opemltor to
increase the eificiency and traffic capacity of the opemltors'

ireless networks.
Accordulgly, mnbodunmlls of tlus archllccturc provide a

capability for Flcxiblc Sunulcast. With Flcxlblc Simulcast,
the lunounl ol'adio resources (such as RF cdrncrs, LTE
Resource Blocks. (1)MA codes or TDMA time slots)
assigned to a particular DIUI or group of l)RUs can be set
via softivare control to meet desired capacity and tlu oughput
objectii es or wireless subscriber needs. Applications of the
present invmltion are suitable lo be employed with distrib-
uted base stations, disuibutcd antenna systems, dlstubutod
rcpcatcrs, mobile cquipmcnl mid wirclcss tennulals, por-
table wireless devices. and other wireless comnlunication
svstculs such Bs ullcl'owBvc arid satellite couurlUulcatliuls

According to an embodiment of the present invention, a
traflic monitorin unit is provided as a component of one or
more clcmenls of lhe syslmu, cnabhng mcnsuremcnl ol Ihe
network lraflic ln Ihe network. A network oplunizat ion goal
and optuniranon algonllun is also provided so that based on
traffic measurements, which is typically a function of the
munber of users on the system, performance of the nenvork
is optimized using the goal and associated algorithm.

As an example of traffic nlonitoring, the system could
track thc power of the down linl or thc power of thc Upluik.
Another example. v,ould include some signal processulg.
including exanuning ccrldul control signnls, fi&r example.
pilot signals sent by mobile devices Iiy locking onto these
control signals, the traflic monitor can obtain information on
the number of users using various components of the system.

A distributed antenna systenl (DAS) provides an efficient
means of utilization ol'ase station resources. The base
station or base slauons associated with a DAS can bc localcxI
hl d central location aud/or fdcllllv couuuouly known Iis B

base station hotel. The l)AS netv ork composes one or more
digital access units (DAUS) that function as the interface
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bciwcml the base stations and the digital remote units
(l)RI Js) 'I'he DAUs can be colklcated with the base stations.
'I'he l)ILIJS can be daisy chained together andior placed in a
star configunstion and pmvide coverage for a given geo-
raplucal area. The DRUs are typically connected with the

DAUs by employin a high-speed optical fiber link. Tlus
dppl ouch facilitates Irallspolt ol tile RF slgnilla fl0111 tile base
stations to a remote locauon or area served bv the DRIJs. A
typical base station comprises 3 independent radio
resources, commonly known as sectors 'I'hese 3 sectors are 10

typically used to cover 3 separate oeographical areas v ithout
creating co-channel interference between users in the 3

distinct sectors.
Trdflic monitoung 10 a DAS network Is provtdcxI by

mnbodimcnts ol'he prcscnt uivenuun, wluch has not been
performed in conventional systems. As described herein, the
traflic monitoring unit can be impleinented as a stand-alone
ul'ill 111 coo)unction with orle ol'nure svstcnl conlpollcnls,
including DAUs, DRUs. a BTS, a BTS hoteL or the hke.

Once traffic resources are aggregated into eNodeB hotels, Io
thc discrctc rcsourccs of a single eNudcB are still allocated
to a specific set of untelurds associated with tluit cNodeB and
pmviding coverage to a specific geographic area The tratfic
resources are fixed, i e, only the resources associated v ith
a specific eNodel3 can be allocated to the antennas associ-
ated with that eNodeB However. because the eNodeBs are
collocated in an eNodeB hoteL the system can use the
dggrcgdtcd traflic rcsourccs of thc discrete eNodeBs as a
single. pooled trnflic resource that can be allocated accord-
ing to various algorithnls Assumptions are t)pically predi- 10

cared on lvorst-case traflic assets in all areas, netv ork design
is lvasteful 99 percent of the time, inevitably resulting in
over- or under-provisioning of fixed resources. Trafhc
resources either o unused (Idle channels). or are under-
provisioncd and arc Insuflicicnt to handle the ofli:red traflic. Is
Both circumstunces give risc to Ihc stone outcome. lost
Icvclulc dial lost oppolullllt)s When d sile s lrafllc 0:soillccs
are idle and umlsed, the traflic asset fails to provide an
optimal return on investment. I3ut a site that lacks sufficient
capacity to suppott the ofi'ared traflic at any point durin the do

day garners dmpped calls, lost revenue opportunity, and
dissnusfied customers. Thc traflic informauon dcnved from
dn cxtcnsive sensor network will be used 10 dynmnmally
dllocaie thc traflic resources to Ihe required gcograplucal
areas only for the tinle period the service is needed. Once the
service is supphed and the traflic sensor network deternlines
that the traffic resources are no longer required. they are
retunted to the resource pool for reallocation. The entire
network automatically rcconligures itself based on the per-
ciived (sensixl) need or in thc cvcni ol disrupuon duc to 0

natural or mamnade events. Geographic load balmlcing
using DAS is recognized as a new approach for tratfic load
balancing which pmvides dynamic load redistribution in real
time according to the current geographic traffic conditions.
It can be used to improve the perfomtance for any distrib- ss
uted systems contmrung non-unililnnly distnbuted tralfic,
cspccially for resolving traflic hot spots.

lhc network's perfonnance (expressed by thc number of
Kpls (Key Performance Indicators) from ditferent parts of
the nenvork) deternlines the DOS values Ditferent operators io
may i)ave different defined business oals and difi'erent
services of interest. Based on these considerations. efiicient
and cost cflimtive network pcrfllnnancc management vance
from operator to operator. Thcrcforc, /OS mctncs could be
definrxi mid mapped to a sct of KPIs. Ss

An embodiment shown In IIKI I illustnstes a basic DAS
netlvork architecture according to an embodiment of the

present uivcntion and provides an cxumple of a data trans-
port netv ork, traffic monitoring and network optimization
scenario benveen a 3 sector l3ase Station and multiple
DRUs In this embodiment. Ihe DRUs are daisy chained
to ether to achieve coverage in a specific eographical area.
Each individual sector covers an independent eo raphical
area. wluch is idenulicxl as a Cell. Although embodiments
are discussed in tcnns of optimization of DAS networks. Ihe
term optimization is properly understood to include pertilr-
mance improvements in comparison to conventional sys-
tems, even if complete optimization is not achieved 'I'hus,
optimization does not require the maximum values filr traflic
management metrics, but also includes distribution of traflic
that unprovcs system pcrfomulnce wlulc remauiing shou of
llliixllllllnl peliolludllcC.

IIKi I depicts a l)AS system enlploying multiple Digital
lfemote Units (DI3US) and multiple Digital Access Units
(DAUs). In accordance with the present mvention, each
DRV provides unique infornlation associated with each
DRV lvhich luliquely identities uplink data received by that
particular Digital Remote IJmt.

Onc ibaturc of embodunmlts ol'hc prcscnt uivcntion is
the ability to route l3ase Station radio resources among the
DIJ Us or group(s) of I)RI Js. In order to route radio resources
available froin one or more 13ase Stations. It is desirable to
configure the individual router tables of the DAUs and
DRUs In the DAS nenvork. This functionality Is provided by
mnbodunents of thc prcscnt invention.

Thc DAUs are nctw orkcd together to Ibcili tate the routulg
of DRIJ signals among multiple DAI Js 'I'he DAUs support
the transport of the Rl'olvnlink and Itll uplink signals
between the l3ase Station and the l)RI Js. 'Ibis architecture
enables the various Base Station signals to be tmsnsported to
and from nndtiple DRUs. PEER ports are used for inter-
connimtuig DAUs mid ultcrconnecting DRUs.

Thc DAUs have the capn bil ity to control the gain (ui sma 1 I

incrcmcnts over a wide range) ol'he downluik mid uplulk
sigaals that are transported benveen the DAI.J and the base
station (or base stations) connected to that DAU 'I'his

capability provides flexibilitv to simultaneouslv control the
uplink and downlink connectivity of the path between a
particular DRU (or a group of DRUs via thc associated DAU
or DAUs) and a partmular base stauon sector.

Embodiments of thc present invmition use router tables to
configure the nenvorked l)AIJs I'he local router tables
establish the mapping of the inputs to the various outputs
Internal Mer e blocks are utilized for the Downlink Tables
v hen the inputs from an External Port and a PEER Port need
to mcrgc uito thc Came data stream. Similnrly, Mcrgc blocks
are used in the Uplink Tables when thc inputs from thc LAN
Ports and PEER Pons need to mcrgc into thc same dmd
stream.

I'he reinote router tables establish the mapping of the
inputs to the various outputs. Internal Merge blocks are
utihzed for the Downlink Tables when the inputs from a
LAN Port mid a PEER Pou need to mcrgc into thc same data
stream. Similarly, Merge blocks arc used In tlm Uplulk
Tables when thc inputs from thc Extcroal Ports and PEER
Ports I!ccd to incl c lilnl thc 1;lola ihst,'I sti'canl

As shown in ill(i. 1. Ihe individual base statiion sector*s
radio resources are transported to a daisy-chained netv'ork
of DRUs. Each individual sector's radio resources provide
coverage to mi inde)tendent geograplucal aroI via the nct-
workcd DRUs. FIG. 1 demonstrates how tlucc cells, mch
cell compnsing an independent nctw ork ol' DRUs, provale
coverage to a given geographical area A server is utilized to
cmitrol the switching function provided in the DAS nenvork
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Rcfi:rring to FICi. 1 and by way of example, DAU 1 (102)
receives downlink s)ytals from BTS Sector I (101). DAU I
translates thc RF s&gnals io opt&cal signals and lhc optical
fiber cable 103 transports the desired signals to DRIJ 2
(104). Optical cubic 105 trmispous all thc optmal signals to
l)RU 3 (1(36). 1he other l)RUs in the daisy chain are
involved in passin the optical signals onward ro DRU I
(1()7). I)AU I (102) &3 neuvorked with DAU 2 (100) to allov
die downlink signals from Sector 2 (109) and Sector 3 (110)
to be um&sported to all ilm DRUs in Cell 1. Thc systmn's
s&vitching and routing funct&ons enable the selection of
wluch sectors'&gnals arc transmiued and race&vcd by each
I )RU

An embodunm&t illustrating a Tralfic momtoung unit
(121) at the DAI.Js is included to tnnck the traffic load at each
DAIJ in the network. The tmflic load associated with each
l)AU is collected and stored in the Network Optimization
Unit (120). The optimization unit (120) calculates the over-
all DAS network perfonnance and delcrmuies ihc Optimum u&

reconfigured network to improve or maximize perfomtance.
Uulizuig thc traflic mon&toung urui 121 ui coul unct&on w&1h

the DAUB provides for optimization of the DAS network
through a traffic monitoring un&t external to the DAUs 'I'hus,
embodiments of the present invention provide for tratTic
monitoring in a DAS network. Optimization of the DAS
network can then be performed usin iniiirmation related to
Ihc Irdfllc alon&toung.

Rcfcrring to FIG. I, thc traflic momtor unit 121 can bc a
server deternuning the nun&her of users on each DAIJ, v ith 30

each l)AIJ having niultiple ports in some embodinlents.
I)ata front the tnntiic nlonitor unit 121 is then provided to the
network optimizat&on unit 120, which can be the same server
including the tmfhc mon&tor unit or a dift'erent server. The
&lctwolk Op&un&ZB&ion Un&i 120 (whlcll can bc soflwB&c li
running on a scrvcr) can model the rcbalmlcing of thc iralfic
load;md. aflcr detcnnuuug that the perlbnuancc w&ll be
acceptable. implements the k&ad rebalancing by comnluni-
cating with the l)AUs and shifting tnntTic be&ween sectors.
Although the network optimization unit 120 is illustrated as dc

coupled to the DAUs &n FICI. 1. this is not required by
mubodimcnts ol'lm prcscnt &nvention mid the ac&work
optimization could bc pcrformcd ai onc of thc DRUs. with
dain regarding network optimization being lransmiued back
to the l)AIJs usmg. for example, using an I'.thernet backhaul
connecting the DRUs to the l)AUs 1 la&s„ the neuvork
optimization server could be located at one of rhe DRUs,
controliin the entire network from that locarion. One of
orduiary skill in thc art would recognize many vauat&ons,
mod&iications, and altcrnat&ves. 0

lhc network opt&m&zauou un&1 cml unplemenl a network
optimization goal, which may relate to the mimber of users
per sector, for example. that each sector carry a percentage
of traffic less than 50% of the total traffic, less than 40% of
the total traflic, or less than 35% of the total traflic. that each &.

ace&or hale less than 50% of thc users. less (han 40% Of thc
usurs. less than 35% of the users, or thai each six&or l&nvc

33% OI thc Users, or thc hkc. Th&1m thc optuulziiuon goals
can include metrics of the system perfi&rmance Although the
systen& may &lot reach the goals, progress toward the goals si!

can be provided. improving the user experience.
FIG. 2 shows an embodiment illustrating how a single

base stauon can bc used io prov&de coverage for a larger
gcngraplucal arcs when a frcqucncy reuse pauern oi N=l &s

used. Rcibrruig to FICi. 2, cell 1 and cell 0 would sharc the si
radio resources of sector I of the base station Similarly, cell
2 and cell 10 would share the radio resources of sector 2.

Thc DAUs control thc routing of data bctwccn thc base
station and the l)RUs. Iiach indiv&dual data packet is pro-
vided with a header that uniquely identifies which l)RIJ it is
assnciated with 'I'he l)AIJs are interconnected to allow
trmisport of data among multiple DAIJs. This feature pro-
vides the unique flexibility in the DAS network to route
s&gnals bciwccn the sectors and thc &nd&v&dual DRUs. A
scrvcr is uul&zcd to conirol thc sw&tclung luncl&on prov&dcdI
in the DAS network. Referring to 11(i 2. and by ivay of
exanlple, l)AU I (202) receives downlink signals from 13'IS

I Sector I (201) l)AU 1 trmislates the Rl& signals to optical
signals and the optical fiber cable 203 tmnsports the desired
signals to DRU 2 (204). Optical cable 205 transports all the
opt&cal s&gnals to DRU 3 (206). Thc other DRUs &n the daisy
chain arc ulvolvcd m passuig thc optical s&gnals o»ward to
l)RU I (207) f)AIJ I (202) is net&vorked w&th DA(J 2 (200)
to allow the dolvnlink sianals from Sector 2 and Sector 3 to
be tmnnspo&ted to all the l)RUs in ('ell I Optical fiber cable
209 transports the desired siytals to DRU 23 (210). Optical
cable 211 transports all the optical si naia to DRV 24 (212).
The other DRUs ui thc daisy cluuu arc involved ul passulg
the opt&ca 1 s&gus la onward to DRU 22 (213). An cmboduuent
illustunting a I'raflic monitoring unit (221) at the l)AUs is
included to track the traffic load at each DAU in the network
The tratfic load associated &vith each l)AU is collected and
stored in the Network Optinlization Unit (220). The opti-
m&zat&on unit (220) calculates the overall DAS network
pc&fora&ance Bnd ilclcrnuncs Ihc op(UUUU& rcconfigiucd ac&-

work 10 n&Bxnnlzc pc&fora&duce
l&I(i 3 shows an embodiment illustnnting an application

employing a base station hotel where N 13'I'Ss are intercon-
nected tn serve a given eo raphical area qhe base stations
may represent independent wireless neuvork operators and/
or mult&pie standards ()VCDMA. LTE, etc.) or they may
represent prov&sion oi'dditional RF earners Thc base
stat&on signals may bc co&ubu&cxI bcforc they are conncctcdI
to a DAU, as may be the case for a Neutral Host appl&cdt&on.
Referring to FI(i 3 and by way of example, DAU I (302)
receives dnwnlink signals from 13 IS Sector I (3()l). DAU I
translates the RF signals to opt&cal signals and the optical
fiber cable 303 transports the des&red signals to DRU 2

(304). Optical cable 305 transports all tlm opt&cdl s&gnals to
DRU 3 (306). 11&c other DRUs &n the da&sv chain arc
involved &n passuig lhc opucal s&guals onward io DRII I
(307) DAIJ I (302) is neuvorked with l)AU 2 (300) to allow
the downlink signals from 131 S I Sector 2 to be transported
to all the DRIJs in Cell 1. DAU I (302) receives downlink
signals from BTS Sector N (309). DAU I translates the RF
s&gnals to opt&cal signals and thc opt&cdl liber cable 303
transports the dcsircd s&gnals to DRU 2 (304). Optical cable
305 transports all thc opucal signals to DRU 3 (306). The
other DRUs in the daisy chain are involved in passing the
optical signals onv,ard to l)RIJ I (307) 'I'he addit&onal base
stations provide the capability to add capacity for Cell 1.

In order to efficiently utilize the limited base station
rcsourccs, thc ncuvork 01'RUs should have the capab&1&ty

of rc-d&rccting their indiv&dual upi&nk m&d downl&nk signals
to aud from any ol'hc BTS sectors. Biz duse thc DRUs dard
traffic has unique streanls. the DAU Router has the mecha-
nism to mute the signal &0 different sectors An embodiment
illustrating a Traific nulnitoring urut (321) at the DAUs is
included to track the traflic load at each DAU in the network.
The traflic loiul associated w &th each DAU &s collected and
stored in the Nctworl Optimization Unit (320). Thc opii-
nuzat&on unit (320) calculates thc overall DAS nctwurk
performance and determines the opt&muni recon(igured net-
work to maximize perti&mlance
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FIG. 4 shows the two primary elements in a DAU, thc
Physical Nodes (41)l)) and the I,ocal Router (4()1). 'the
Physical Nodes translate the Rli signals to baseband for the
l)olvnlink and from baseband to RF for the Uplink 'the
Local Router directs the tmsflic betv'een the various LAN
Ports, PEER Ports and the External Ports. The physical
nodes coiuiect to the BTS at mibo frcqucncms (RF) The
physmal nodes can bc used for diflbrcnt opemtors, difli:rent
frequency hands. different channels, or the like 'I he physical
nodes can combine the downlink and up)ink sigttals via a io

duplexer or they can keep them separate„as would be the
case for a simplex configuration. In one embodiment. Trafhc
monitoring (416) capability is provided in each DAU for
dcternnning thc tralhc load at each ol thc DAU puris. In tius
mubodimcnt. thc traflic monitorulg function is pcrfomlcd in
each l)AU in conipanson with other implementations in
which the traflic nionitonng is performed externally.

11Ci 4 shows an enibodunent whereby the physical nodes
have separate outputs for the uplinks (405) und separate
inputs for the downlink paths (404). The physical mlde lo
translates thc signals from RF to baseband Ibr thc downlink
path and from bascbaud to RF for the uplulk path. The
physical nodes are connected to a I,ocal Router via external
ports (409,410)). 'I be router directs the uplink data streant
fmm the I,AN and Pl:I if ports to the selected Iixternal U
ports. Similarly. the router directs the downlink data stream
from the External D ports to the selected LAN and PEER
ports.

In onc cmbodunent, thc LAN and PEER ports are con-
nected via an optical fiber to a nenvork of DAILS and DRUs. So

'I'he nenvork connection can also use copper intercotuttx-
tions such as ('AT 5 or 6 cabling, or other suitable inter-
connection equipment. The DAU is also connected to the
internet network usin IP (406). An Ethernet connection
(408) is also used to conunuiucatc bctwcen the Host Unit ls
and thc DAU. Tlm DRU can also connect directly to the
Remote Operational Control ccntcr (407) via the Ethernet
pclt.

FIG 5 shows the tlvo pnniary elements in a DRU, the
Physical Nodes (501) and the Remote Router (500). The so
DRU includes both a Remote Router and Physical Nodes.
Thc Remote Router directs thc trallic betweml thc LAN
ports, External Ports and PEER Ports. Thc physmal nodes
coiuuxt to the BTS at radio frequencics (RF). 111c physical
nodes can be used for different opemltors, ditTerent frequency
bands, different channels, etc. I I(i 5 shows an embodiment
whereby the physical nodes have separate inputs for the
uplinks (504) and separate outputs for the downlink paths
(503). Thc physical node trtuwlates thc signals lbom RF to
baseband for thc uplink path and lbom bascbmld to RF for o

thc downlink path. Tlm physical nodes arc connectu! lo a
Reniote Router via external ports (506,5()7). 'I'he router
directs the downhnk data stream from the I.AN and PE)l JR

ports to the selected External D ports. Similarly. the router
directs the uplink data stream from the External U ports to ss
the sclccted LAN and PEER putts. Thc DRU also contains

Ethcnlet Switch (505) so 01st a remote computer or
w'lrcless access poillm cail connect lo the 111)ella:I.

In one embodiment. the traflic monitoring (516) capabil-
ity is provided in each DRU for determining the tratfic load io
at each of the DRU ports In this embodiment. the trafhc
monitoring function is performed in each DRU in compari-
son wilh other unplmncntations ul which the traflic moiu-
turing is performed extcmally.

As shown in FIG. 6, the base stalion hotel (610) is ss
comprised of multiple Picocells. 'I he Picocells are typically
wireless operator dependent and frequency band dependent.

Picocclls that operntc in thc same frixNcncy band arc
combined at RF and input to the respective DAI Js 'I'he l)AU
mldio resources from the conibined Picocells are transported
to a daisy-chained network of I )R Us. I:ach individual I )A Us
radio resources provide coverage to an independent geo-
gmphical area via the networked DRUs FICi. 6 demon-
strates how nuiltiple DAUs. each cell composing an inde-
pcndcnt network of 7 DRUS. provide covcragc to a given
geographical area In one embodiment. the tmsflic monitoring
functionality is located in an external 'I'ratTic Monitoring
Unit (621), which is connected to the network of l)AUs

As shown in FIG. 7. the base station hotel (710) is
comprised of multiple Picoceils. The Picocells are typically
wireless operator dependent mid frequency band dependent.
Picocclls that operntc in thc same frixNcncy band arc
combined at RF and input to the respective DAI Js 'I'he l)AU
mldio resources from the conibined Picocells are transported
to a daisy-chained network of I )R Us. I:ach individual I )A Us
radio resources provide coverage to an independent geo-
gmphical area via the networked DRUs FICi. 7 demon-
strates how nuiltiple DAUs. each cell composing an inde-
pcndcnt network of 7 DRUS. provide covcragc to a given
geographical area In one embodiment. the tmsflic monitoring
functionality is located in an external 'I'ratTic Monitoring
Unit (721), v,hich is connected to the Picocefls. 'I'he B'IS
Hotel 710 includes a pfumslity of Picocells that are coupled
to traflic monitoring unit 720. The traffic information flows
from thc Picocclls to thc traflic monitoung urut, wluch uses
this trafiic uilbnnation to opumtzc thc DAS network. Thc
traffic monitoring unit 82t) lvorks in con)unction with net-
v ork optimiration unit 721, which can include traffic man-
agenlent algorithms used to distribute traffic efficiently
throughout the DAS network.

FICi. 8 shows an embodiment of a base station hotel (810),
which is compnscd of multiple picocclls first arc uitercun-
niotcd to a network of DAIJs via a digital ulterfacc (830).

FICi 9 illustrates onc cmboduneut of thc DAS nctwurk
optintiration flow diagmm 'I'he Key Perforniance Indicators
(Kpls) of the netlvork tratfic are collected at the various
network nodes (910). KPI may compose information such
as: number of blocked calls, nmnber of active calls, avemsge
powcl ol uplink channels, average power of ilownllnk
chiumcls. traflic on each sector, failed calls, number of
satmfied users. number of unsatisfied users, number of users
opemlting through a given l)RI J. and the like

'I'he DAS network performance is then analyzed in the
context of the avaiLsble DAS networl radio resources (912).
An optimimtion algorithm is applied to the existing DAS
network with thc objective to dctcrmine thc optimum rout-
ing ofnetwork traflic (914). Once an opumum DAS nctw urk
has bccn dctcnuulcd then an cstunatc ol the rccontigurcxt
DAS network perfomiance is determined (916) The recon-
figured l)AS netlvork is evaluated prior to an implementa-
tion to utsure that the perfonnance will be acceptable. If the
reconfigured DAS network has been determined to be
acceptable then thc reconligured DAS network is imple-
mented (918) and thc entire process is repeated. In an
mubodunent, thc load on the sectors pnor to rccoutiguration
and after the proposed reconfiguration can be compared to
deternnne if the shifting of the l)RUs to the other sectors
improves the system perfonnance.

Tluis. usin the KPls of the network tmsffic, the DAS
network can be modified to improve systmn pcrflinnancc.
As ml cxamplc, if a particular DRU has a lughcr load than
other adjacent DRUs, traflic can bc routed to the adjacent
DRUs in order to reduce the load on the particuLlr DRU
Additional description related to load balancing is provided
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in U.S. Patent Appl&cauou No. 61,'600,630, Iilc»i nn Feb. 17,
2012, entitled "I!vela&iona&y Algorithms for G&x&graphic
I nad l3alanc&ng I la&ng a l)istributed Antenna Systeni," the
disclosure of winch is he&eby incorporated by reference in
its entirety for all purposes.

As an example of opt&mizing network performance. a
base station t)p&cally has thr&m ace&ore. The DRU can be
allocat»xl to ddlhrcnt sectors in order to improve pcrfor-
niance by shifting traffic from a first sector (en., a high
tratTic sector) tn a second sector (e 0, a k&w &muff sector) by in

shiftin a DRU allocated tn the first sectnr to the secnnd
sector. Although some embodiments of the present invenrion
&vill not optinuze performance of the system. rhe system
pcrfornumce can bc unproved using the t»mluuques
dcscubtal hereu&, for cxtunple, by measurmg thc traflic load
on the DRIJs. perfomning load balancing of the tratTic on the
DRUs, tn reduce the load on a first l)RIJ characterized by a
firs traflic load by shifting the load to a second DRIJ
characterized by a second traflic load less than the first trafhc
load. In the optimizat&on proces~, system perfonnance can &n

be mmsured aga&nst a prcdctemuncd tlucshold, with the
opiimization process ternunating once thc prcdctermsncd
threshold has been reached One of ordinary skill in the art
would recognize niany vamations, modificatinns, and alter-
natives

As another example, pov er settings for the DRUs can be
modified to improve system performance as discussed in
o»lditional data&l &n U.S. Patent Apphca&&on No. 61/669, 672,
Iilcd on Jul. 9, 2012 and cntitlcdc "A Self-Optimizing
Distribmed Antenna System (Ising Soft Frequency Reuse," io
the disclosure of which is hereby incorporated by reference
in its entirety for all purposes

FIG. 10 illustrates one embodiment of the DAS network
calculation of the KPis and QoS. The important parameters
for detcnnimng the DAS network QoS mclude die number is
ol'sers allocated to a g&vcn DRU. thc spaual d&stance
betw»mn the venous DRUS, as well as alent&fying wh&ch
l)RUs are assigned to which BTS sector.

FI(i 11 illustrates one embodiment of the flnw clmrt fi&r

the optimization algoritlun. In this embodiment an Estima- so
tion Distribution Al orithm (EDA) is used. Various DRU
ollocat&on sew&amos arc &nvestigatixi to dctemunc the opt&-

&1&&1&li DRU sci:&la&&n that anil&i:vcs tlli: ll&gliest QOS. hl a&1

mubo»limcnt. thc uut&al populat&on is genemtcd (1110). Thc
traflic information (Kpls) is analyzed and traITic perfor-
mance (QnS) for all sectnrization is analyzed (1112) A snrt
procedure is performed (1114) and a determination is made
if the convergence criterion are satisfied (1116). If so, the
process is tcrnunatcd. If not, then the cncrat&on counter &s

up»ffitcd (1110). a sort operat&on is perfonued (1120)5 the o

parmncter V &s computed (1122) and o ncw population &s

enemted (1124) 'I hen the method proceeds to the tratTic
infounatinn and performance analysis (1112)

Network Optimization
The network's performance (expressed by the number of 5.

KPls from difli:rm&t parts of thc ac&work) dctemuncs thc
QoS 5 alues. D&fli:rmit operators may have d&flerent defined
bus&ness goals aud d&flhrent services of in&crest. Bas&xi on
these cnns&derations, etTicient and cost efl'ective nenvork
performs&ice nisi&age&nent vames froin operator tn nperator. o&!

Therefore, QoS metrics could be defined and mapped to a set
of KPis. When a set of KPIs is used. then the mappin needs
to bc i»presented by a weigh&cd normal&zed I'unct&on.

In tlus acct&ou we formulate thc scctorization problem
with moed us&cger progranun&ng to balance traflic among ss
sectors and to ni&nimize handnffs with connected and con&-

pact sectors. (i&ven the sectorization of DRUs at time period

f&C,„= g SC„
SOS,

The bu&ary variable x,»=15 &shen DRU, belongs to Sector».

SO5

then y„„=l v:hen DRU, belongs to VBS,c.

n f g T,.i,i &SC,

SC, =
T, i,i — &Ci o&t& i &sc

I»

O„,=fir„„— HC„,=Q&, g s& — g SC,
SOS,„SOS,„

5-scs

=QSC,
-SOS„,

,„— sf .

Since a penalty occurs only when the calls are blocked. we
apply just sc» tn the objective function, because the hc„, is a
funct&on of sc» and there is no need to add it as another term
to the objective function, sca is a nonnegative real variable.
S»1,

— I
KP&sc = g sci

SOS

tz&

KPIHO (Inverse of the number of Handoffs): we consider
three different types of Handoffs:

A. Inter-cNodcB Hon»lofl;
Wlmn user cquipmcnt (UE) with an ongoing call moves

from onc VBS to another VBS. &hen thc UE nccds an
inter-eNodel3 handofl'nter-eNodel3 handoff is executed
usiag the X2 interface (as long as the Ul: does not leave the

t, our problem &s to obtain new sectonzauou at t&mc pened
&+I that adaptively baLances the change &n trafiic demands.

In order to formulate thc problem, wc cons&dcr a scrv&ce

covers e area with N DRIJs Ihch l)RIJ is assumed to have
traffic dcmmid T, &=1..... N. Note that, UE, belongs to
DRU„ if the received uplink power front Ul I, at l)RIJS is
greater than the other DRUs. Let pv be the tmsnsition prob-
ab&hty of mobiles from DRIJ, tn DRU 'I'hen. the handotT

5
calls from DRU, to DRU, become hv=PoTS The distance
bctw&mn DRU, and DRIJ, is uiverscly proportional to pv.
Assume that an eNodeB In&tel has M VBSs Let SOS„, and
SOD» bc thc set ol'ce&ore &n VBS„, and the sct of DRUs
allocated to Sector», respectively, such that ISOY,„I 3 (if
each eNodeB/VBS has tluee sectors), m=1, ... M and
k=1...., K. We consider the following three cost factors
(KPis) in the scctorizotion problem

KPIoc (Invcrsc oi'hc Number of Block»xi Calls).
Thc pcsmlty ol'hc blocked calls caus»xi by hard capac&ty

and soft capacity l,et I I('„and S('» be the hard capacity of
VI3S„, and sofl capacity of Sector» respectively such that
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LTE covcragc arcs) or Sl lntcrlhce (when dle UE )wives thc
serving cell). The X2 handoff'ncludes establishin a si-
nahng conncctlou usulg lhc X2 Apphcduon Part (X2AP)
fmm Ihe source to the target eNodel3 1 he target eNodeB
updates thc MME (Mobihty Mmlagemcnt Ent«y) with thc
new geographic position of the UE. 'I'0 enable this proce-
dure. the MME needs to comnnmicate with S-GW (Serving
Ciateway) to negotiate the new endpoint. During the Sl
handoff„ the MME receives the relocation preparation

111
rcx)nest of thc source eNOdcB, it starts lhe handoff'resource
allocation procedure to request the necessary mdio resource
from thc target eNodcB. Aller thc target cNodeB sends thc
required radio interface parameters embedded in a handotf
comnumd message: the MME forwards tins handolf coul
mand message transparently to the UE, which executes the
handotf. 'Ihe main pmcedure is triggered by the MME and
executed by S-GW.

Let the binary variable zv,»=l, when DRU, Bnd DRU,
belOng tO VBS»v Then the Inter-eNOdeB handaff COSt (SI lc
computed by using thc variable

Z Z "Irx

Thc wcightcx) combination of these thrcc lrdndolf cusl
would bc:

XP(flv =

,g g sv;.,+cflg g s„.v- »J+cg g drrx„]'v*

fl

t3(

ZZ''
KP(flr = Ic(l zzafl

(dl

KPI«(Inverse of the Conlpactness Index): we will try to
mlninuzc thc length ol'handoli'border with the compactncss
index CI wluch la ullroducrxl ul Section II.B. In Equauon (d)
the numerator tenn represents the nunlber of handof D13U
sides be«veen two diff'erent sectors.

the cost becomes
Where)3, I, if 1)RIJ, and l)IUJ, are adjacent
Now we consider the following, constraints required in the
fbrnlulBtl0n:
1. each DRU has to belong to a sector. that is.

Note that inter-eNode)3 handoff occurs when DRIJ, and
l)RIJ belong to different VI3), i.e, zv„, 0

Intra-eNode)3 I Iandoff

Wllen B Ul I lvrth 'ul ongoing call nlov»s fronl oucscctol'o

another in a VBS. then the mobile needs an intra-eNodeB
handoff This procedure doesn't need to involve MME or
S-CIW because it can be handled entirely within that VBS.
Now by letting the binary variable w, „=I when DRU, and
DRUJ belong to lcm(or k: the intr(i-»Nod B lwndoff'cost is
compmed by using two variables w, — v, v;herev v

the cost becomes

g .x» = I fv& flll r

2 The relationship be«veen any nvo l)lt()s in a Sectorfl has
to satisfy v;„1 I if and only if xu xfl I JInls we have

do », Xfl »» fl»XB flfld» fleu fl+X)fl I !01 fln Iv Xsd 1 (SI

I'he relationship between tv 0 DI3US in a V)IS„, 7 r I if
and only if yx„,~yn„=l which leads to:

3 I onnected sectorization, it a sector has nlore than one
DRU. then the DRUs of the sector have to be connected. For
the fornnliation of connected sectors we employ the cut
theorem f26] on SOD».. If Scmlors ls connected. then Imy cul
lht«scpard les cclls ul SOD( hds Bt IcBB( Onc con«non sideol'he

hexagonal cells l,et S I I be a proper subset of SO)),, that
is, S)x«SOI)1, SI(d(j» and SII»SOI)fl. Also let S21 be the
opposite set of Sl,, that is, S2» SOI)fl— )Ifl. 13ecause two
subsets are connected, there exists at least one common side
of the DRUs separated by the subsets. Thus we have

An intra-eNodeB handoff occurs when DRIJ, and DRU,
belong to diff'erent sectors of the smne VBS.

C. Forced

Handoff'hen

B DRU chan es its sector, Bll ongoing calls in the
cell hale to change their pilot PN olfsets for WCDMA The
cost of forces) handoll'ls computed by employing lhc current
scctonzauon a,fl, wluch Is equal to zero whml DRU, is ln
Sectorl. Since the cost occurs when Dl&IJ, currently in
another sector moves into Sector„, the cost becnmes

g a,=l
u Xflfli

dc

Now, our Q0S funcuon is the wclghtcd combination of
lhrcc KPIs (cost Inc tots) v 'Rich v c have Idri ad)'«Induce'd.
Obviously our objective hlnction is to maximize the QOS
function 'I'hey are penalties of blocked calls by hard and soft

di capacities mid hmldoff calls. 1he DI3U sectonzatlon can be
fornnllated as the following mixed integer linear program-
«Bug,
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Mi Ir Q .5 = I KP(ar +" KP(iio+ no KP(I,

Snh) attn g .5« = 1 for all i

I

)ir era and

Xi +. n
— 1 I'o lt, l w d 1

)» = g «X foi anni
ln I„,

6) p, is thc sclccuon probability Thc EDA algontluu selects
p,ln,l individuals from set A, to make up set qr
7) We denote by I'he distribution estimated from q, (the set
of selected candidate solutions) at each generation
g) Ir„are the maxinuim number of generation
In conventional EDAs. each inchvidual is designated by a
stung. A typical EDA is described in thc followuig step)s.

Step tk Generate itutml population Ao. The uutial population
(Inn( individuals) is typically obtained by sampling accord-
ing the uniform (equally likely) distribution

) „, +, „, — 1 for all i. 7 and ni

,I = 1 — g a„ tor all i

I

tai.a,i.,a)=P pall
— I

I=i...n,nnd
P,tg = 5'll'

(121

g anni

fi f)51 .5OO, h Sf. ar dS)I«5OO„

S", =SO()„— Sl„

kn = p«T, fo all i and 1

2O

n fg is„&SD

f r.ilk
T.in — SCI oihrm Ia la

. P, c (O. 1) fo «ll I, j 1 and In

Note iluit many grouping problems wluch arespccial
cases of the sectonzation pmblem are well-knov n NP-hard
pmblems Since our problem is NP hard. the time it takes to
execute the algorithm is exponentially increasing with the
size of the pmblem. Such an algorithm is thus in most cases
unusable for real-world size problem. As an encoumging ao

result on NP-lrard problems. wc investigate evolutionary
algonlluus to solve thc scctonzalion problem and compare
the perfonnance with the solutions obtained by the nuxed
11'lf Cger pl'ogl llulnitlg

Estimation Distnbution Algorithm (EDA)
Unlike other evolutionary algorithms. in EDA a new

population of individuals m each genemstion is enemted
without crossover and mutation operators. Iiwtcad, in EDA
a ncw population is gcncraicd based on a probability distn-
bution, which is estimated from the hest selected individuals
ofprevious generation. We intmduce each main-vector as an
individual for our EDA approach, and also our fitness
function is objective function that we mentioned it in section
III. In generaL conventional ED is can be characterized by
parmncters and notations.

(f,,rvh Ih.(ti,p,,r, ja,)

whcrc
I) Ia is the space of all potential solutions (entire search
space of individuals) so

2) F denotes a titness hntction.
3) 6( is the set of individuals (population) at the 1th enem-
llon.
4) tti is thc sct of best candidate soluuons selcclcd lrom sct
A, at thc 1th generation. ds

6) We denote (irn6,—q;— Aintjl where q, i ~ the comple-
nlent of qi.

1

p if), =5)I= . = p(fl, =Sioi, v) =

(sos„(
— I

For gcncration 1=1, 2..., Iollow steps I through 6

Step I: Evaluate the individuals in the current popuhstion
6,, according to the illness function I'ort the candidate
solutions (individuals in the current population) according to
their fitness orders.
Step 2: If the best candidate solution satisfies the conver-
gcncc clllciloll oi thc iullubcr ol gcnciatlon exec(xls im haul
IT .. then temiinatc, cise go io step 3.
Step 3: Select the best p,n,, candidate solutions (individu-
als) from current population 6,, 'I'his selection is accom-
plished according to the sorted candidate solutions.
Step 4: Estimate the probability distribution p(gi,g«.L.fin) on
the basis of (ttl it best candidate solutions. We denote tlfis
estimation bv

—P(a«Oak,a„ln,,ll (13)

=
Pl a i, S, n a, I Ili I ) = P P I a I Ih i )

=I

f1 a)

Oi.r, = a I Il,-i)
I=I

I i)i- i I

Where 6 is an in(ice(or funcuon and it can bc cxprcsscxt as

f 1 t.r'=a
dl r,' a

( Si-I I =
) a Ih

(13)

It is also understood that the examples and embodiments
described herein are fi)r illustrative purposes only and that

Step 6: (ienenate new IA,, I
— Iq« i individuals on the basis of

tlus new estimated pmbability distribution I'eplace the
bn(1 I )3( I I individuals tvith nell ly genemted
individuals.
Step 6 tjo to step I and repeat ihe steps

Wc R)llowcd the stc3)s of thc above pseudo code R)r our
EDA implcmcntauon. In our cxpcrimcntation, for cstunation
(13), we used a simple scheme of estinlating the marginal
distributions separately and usin product fornt
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serious moddicatiom or changes ul hght ihcreol'ill bc
su gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims

Appendix I is a glossary of temls used herein, including
Bcronvnls,

AVVENI)IX I

Cilossary of Terms

60

ACLR Adjacent Clrdrulel Lmkage Ratio
ACPR Adjacmlt Chtulncl Power Raiio
Al)('nalog to Digital ('om crier
AQI)M Analo Quadrature Demoduhstor 1

AQM Analog Quadrature Modulator
AQDMC Attalog Quadrature Demodulator ('orrector
AQMC Analog Quadrature Modulator Corrector
BPF Bandpass Filter
CDMA Code Division Muluplc Access 20

( 11R ('est flector Reduction
l)A( l)i ital to Analog ('onveiter
DET Detector
DHMPA Digital Hybrid Mnde Power AmpliTier
DDC Digital Down Convcricr
DNC Down Converter
DPA Dohclty Power Atnphftcr
l)QI)M Digital Quadrature l)emodulator
l)QM l)igital Quadrature Modulator
DSP Digital Si nal Processmg
DU('igital Up Converter
EER Envelope Elunination and Restoration
EF Envclopc Following
ET Em elope Trackulg
I JVM I:rror Vector Magnitude ls
lilil VA I'eedfotward I.inem Vower Ainplifier
FIR Finite Impulse Response
FP(.JA Field-Progranunable Gate Array
GSM Global System for Mobile conunuluratiolm
I-Q In-phase/Quadrature 60
IF Intcmlediate Frcqumlcy
I IN(',inear Amplification usmg Nonlinear Cnmpnnents
I 0 I.ocal Oscillator
LPF Low Pass Filter
MCPA Multi-Carner Power Amplifier
MDS Multi-Directional Search
OFDM Oltftogonal FrixNcncy Division Multiplcxiug
PA Power Amphlicr
VAVR Peak-to-Average Vower ltatio
Vl) l)igital l3aseband Vredistortion 0

PLL Phase Locked Loop
QAM Quadrature Amplitude Modulation
QPSK Quadrature Phase Shlfl Keying
RF Radio Frequency
RRH Rcmotc Radio Head s.
Rl(I J I(emote Itadio I lead Unit
SAVV Surface Acoustic Wave I ilter
IJMTS Universal Mobile Telecommunications System
IJP('p Converter
WCDMA Wtdeband Code Division Multiple Access
WLAN Wireless Local Area Network

What is clauned is:
1. A systmn compnsing.
onc or morc Digital Access Units (DAUs) operable to

iccclvc Bt Icdst Ouc sign ll front lit Icdsl Ouc of 11 first 66

signal source and a second signal source frnm one or
more of a plurality of signal sources, each DAIJ nf the

onc of more DAUs ulcluding an input port configured
as an uplinkidolvnlink port and an output port config;
ured as an uplink/doivnlink pnrt;

one nr more l)igital Remnte Units (DI(Us) connectable to
the one or more DAUs and opemsble to transport si naia
between one or more of the one or more DRUS and the
onc or more DAUs;

a plUI'ilt)'l 1'dio rcsiiulcl 6 forulcd from lhc ouc or nlolc
l)RIJs comprising a first mdio resource and a second
msdin resource difi'erent from the hrst radio resource,
each radio resource comprising a subset of the plumslity
of DRUs; and

a traflic monitoring unit coupled to at least nne of the
DAUB, whcrcin ihe traflic moniionng ului is configured
10.

determine one or more of nne or nlore key perfbr-
mance indicator: (KPIs) and/or a quality of service
(QoS) of a network trafli for the one or more l)AUs,
wherein the QoS is a function of the one or more
KPis: and

rcconfigurc thc plurality ol'adio resources based on
one or more 01'he onc or morc KPIs and/or thc QoS
by allocating at least one DI(U front the first radio
resource to the second msdio resource

2 lhe system of claim 1. further conlprising a one or
more Base Transceiver Stations (BTSs) coupled to the one
or more DAIJs„wherein each BTS comprises the plumslity of
rddlo rcsoUrccs.

3 Thc system Uf claim 2. further compnsing a network
optimization gnal conlprising a perceiltage of users associ-
ated with each of the plurality nf radio resoumes

4 I he system of clainl I, wherein the tratfic monitoring,
unit is external to the one or more DAUs.

5 The system of claim 1„wherein the traflic monitorin
unit ls provulcd ils 11 ciimpoucut of each of thc Ouc or nlolc
DAUs.

6 Tlm system of claim I, whcrcin thc trnfiic moluionng
unit is external tn the one or more DI(Us

7 The system nf claim I, v herein the traffic monitoring
unit is provided as a component of each of the one or more
DRUs.

8 Tlm system ol'lmm 1, win:rcul thc irafiic morutonng
ulut ls configurmi io analyze Kcy Perfonnance Indicators
(KPis) of thc DAS.

9 I he system of clainl I, wherein the tratfic monitoring,
unit is configured to analyze Quahty of Service (QOS) values
of the DAS.

10. A system comprising:
onc or more Digital Access Units (DAUs) operable io

lccelvc Bt lcdsi ouc signal Iriinl Bt lcdsi Ouc ol B first
sigutll source and d sccoud signal source Ironl ouc or
more of a plurality of signal sources. each DAIJ of the
one or more l)AUs including an input port configured
as an uplink/downlink port and an output port contig-
ured as an uplink/downlink port:

one or morc Digital Remote Units (DRUs) couplablc to
thc onc or more DAIJs mid opcrablc to transport signals
bctwiicn the onc or morc DRUs and thc one or morc
DAIJs;

a plurality of radio resources fnrmed from the ime or more
DRUs comprising a first radio resource and a second
radio resource different from the tirst radio resource,
each radio resource compnsin a subset of thc one or
morc DRUs, and

a irdflic monltorulg urn( external io and couplable io ai
least one of the DAI.Js. wherein the traflic monitoring
unit is cnnligured to
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dcl I'I ni Inc one or morc of onc ol nlol c kcv pclfornlancc

indicators (KP) s) and/or a quality of service (QoS) of
a nenvork traflic for the one or more DAiin wherein
the QoS Is a function of the one or more Kpis, and

rcconligurc thc piumlity of mdio resources based on
onc or morc of thc onc or more KPIs mid/or thc QoS
by allocating at least onc DRU from the first radio
resource to the second radio resource

11. The system of claim 10. wherein the trafiic monitoring
I I Iunit is extental to one or more Base Transceiver Smtions

(BTSs) and coupled to each of the one or more BTSs

12. The system of claim 10. further comprising a network
optimization pmcessor coupled to the traffic monitoring
unit.

lgc The system of claim 10. wherein the one or more
DAJJs are coupled via at least one of an ethernet cable,
optical liber, microwave linc of sight hnk, wireless link,
and/or satellite link.

14. The system of claim 10. wherein thc oue or morc
DAUs arc coupled to thc one or more DRUs wa at least one
of an ethernet cable. optical fiber. micmwave line of sight
link, wireless link, and/or satellite link.

15. 'i'he system of claim 10, wherein the one or more
DRUs are connected in a daisy chain configuration

16. Thc system of claml 10, whcrcin thc ouc or more
DRUs arc connix:tcd to thc one or morc DAUs in a star
configuration.

17. The system of claim 10, wherein the one or more
DAiJs are connected to one or ntore Il'i'Ss via at least one
of an ethernet cable. optical fiber. micmwave line of sight
link, wireless link, and/or satellite link.

18. Thc system of claml 10, whcrcin thc ouc or more
DRVs arc connected ul a loop to oue or morc of thc one or
more DAUs.

19. The system of claim lti. wherein a smgle DAJJ port
is connected to one or more l3JSs

I t t t
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