WO 2012/ 036640PCT/ SG2011/ 000320 TI TLE AUTOVATI C NETWORK DESI GN FI ELD OF THE
| NVENTI ON The present invention generally relates to autonmatic
net wor k deei2gi/o3kéroparti cul ar, although not excl usivel ypcirse20nesszo on
relates to a nethod for automatic determ nation of antenna nunbers and
| ocati ons. BACKGROUND OF | NVENTI ON I ntensi ve research interests
have been in larger capacity and | ess transm ssion power of wreless
handsets over wirel ess network desi gdILEne way to neet these requirenents
is to shrink the cell sizes and increase the nunber of cells. One inportant
issue is the | ocation and AUTOMATIE NETWORIS DERIGN al patents relating to
antenna placenent are listed below. [1]. Patent No W00225506Al1 entitled
"Met hod and system for autonated sel ection of optiml conmmrunication network
gguhpnent nodel , position and configuration in 3-D' by Rappaport Theodore,

i dnore Roger and Sheet hal FHEVERE 2Nl 2] . Patent No W00227564A1
entitled "System and nethodq?Edeégign,1??%86”8“ measur enment, prediction

and optim zation of data conmuni catjons, networks” fil.ed b t
Theodore, SkiginRieseRbdBYentian 1ganelalye dplates, °2(?(5‘§9ma{'%] ne%’ﬂ%ﬁﬁgﬁgh In
W00178327A2 entitled "Method for configuring a wireless network" filed by
Hills paraﬁldﬁﬂeal,thqqghzognexclpal]velypéh@nnvmlm@%wggmtmm?qn ggtomatic
"Environnent anal ysis system and nmethod for indoor wireless |ocation" filed
by Chaddétennigation of Ghtenndimunibdrs addno@tiorss. Doo, Cho Young- Su, Park

Jong- Hyun, 2008. 1

BACKGROUND OF INVENTION

Intensive research interests have been in larger capacity and less transmission
power of wireless handsets over wireless network design. One way to meet these
requirements is to shrink the cell sizes and increase the number of cells. One important
issue is the location and number of antennas.

Several patents relating to antenna placement are listed below:

[1]. Patent No W00225506A1 entitled “Method and system for automated selection
of optimal communication network equipment model, position and configuration in 3-D”
by Rappaport Theodore, Skidmore Roger and Sheethalnath Praveen, 2002.

- [2]. Patent No WO0227564A1 entitled “System and method for design, tracing,
measurement, prediction and optimization of data communications networks” filed by
Rappaport Theodore, Skidmore Roger and Henty Benjamin, 2002.

[3]. Patent No WO0178327A2 entitled “Method for configuring a wireless network”
filed by Hills Alexander, H, 2001.

[4]. Patent No WO02008056850A2 entitled “Environment analysis system and
method for indoor wireless location” filed by Cho Seong Yun, Choi Wan Sik, Kim

Byung Doo, Cho Young-Su, Park Jong-Hyun, 2008.
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WO 2012/ 036640PCT/ SG2011/ 000320 [5]. Patent No W2005027393A2 entitl ed
"Sinmulation driven wireless LAN pl anni ng" by Thonson Al lan and Srinivas
Sudir, 2006.2012)@B640Pat ent No WD0178326 entitled "Met hodpCersceonfoogpaei ng and
assigning channels for a wireless network” by Hills Al exander, H and

Schl egel Jon, P., 2001. [7]. Patent No WO0178327 entitled "Method for
configuring a wireless network” by Hlls, Al exander, H , 2001. % Pat ent
No WW0{d67440RatentNpi WO2@05NBT BR3A2 Aatittsd iSmulationadrivepswiselege §Adh PEREING
optim zati on of communi cati on networks" by Rappaport Theodore and Ski dnore
Roger , by2PRdmsoh Nllan RBadedviniNes $OSFAZBDE/AL entitled "Measurement - based net hod
of optim zing the placenent of antennas in a RF distribution system' by

Davi d ij Cubsehi NGO 78328 dHtifled 2R tHGITYof- cdrfiguritg 2Ad adsidghing BabAREISNO
W)200 6783A1 entitled "Node placenent nmethod within a wirel ess network,

such 1 e Ky J iga exander Berg,
Cyrusafﬁf: §rwmé'%ﬁ%g@ﬁga)’cﬁ@%?’%ﬁ%ﬂﬁuﬁaQM??ﬁ@ I %OFZ 2015“1'1]. Pat ent No
US20080280565A1 ti "l ndoor,, coyer estinmation and intellj| t

net worlél-p| algnﬂieﬁb Ej%bw&ﬁ?&ﬁ%‘?%%wt%:ﬁ%t,ﬁggrf% ﬁ°$ié%r|r]g- WF%%%%H\GWSQ Yge
Legris, 2008. 12] . Patent No US2008/0026765A1 entitled "Tool for

mul t i -idshhlexagderditt23qut ed ant enna systems" by Hugo Char bonneau, 2008.
[13]. Patent No US6754488Bl1 entitled "System and nethod for detecting and

| ocat i[8) adestest Poi WIGD(74481A rezititied “Methwd khd systén dor analysis, desigmand

Yil di z and Handong Wi, 2004. [14]. Patent No W2008042641A2 entitl ed

" Rel atdptinilz866H bPBormuiction! rRswoked 8yiRapbapioHeT Rswione andrKidipréiRagedr i an,

Donal d ‘and Dougl as Bretton Lee, 2008.
2004.
[9]. Patent No WO9740547A1 entitled “Measurement-based method of optimizing
the placement of antennas in a RF distribution system” by David M. Cutrer, John B.
Georges, and Kam Y. Lau, 1997.
[10]. Patent No WO2004086783A1 entitled “Node placement method within a wireless
network, such as a wireless local area network” by Leonid Kalika, Alexander Berg,
Cyrus Irani, Pavel Pechac and Ana Laura Martinez, 2004.
[11]. Patent No US20080280565A1 entitled “Indoor coverage estimation and
intelligent network planning” by Vladan Jevremovic, Arash Vakil-Moghaddam and
Serge Legris, 2008.
[12]. Patent No US2008/0026765A1 entitled “Tool for multi-technology distributed
antenna systems” by Hugo Charbonneau, 2008. |
[13]. Patent No US6754488B1 entitled “System and method for detecting and locating
access points in a wireless network” by King L. Won, Kazim O, Yildiz and Handong Wu,
2004.
[14]). Patent No WO2008042641A2 entitled “Relative location of a wireless node in a
wireless network” by Hart Brian, Donald and Douglas Bretton Lee, 2008.
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WO 2012/ 036640PCT/ SG2011/ 000320 As illustrated with the above i st
of patents and patent applications, there are many net hods for placing
ant ennas W0 20208660 poi nt s enpl oyed in the w rel ess net wBCK/SGa811(9n0320
Generally, RF signal strength is nonitored manually at different positions
utilizing test antennas and a wrel ess network anal yzer, considering the
di stance between access points, coverage val ues neasured, corner |ocations,
fl oor area, etc. A problemw th network design nethods of the prior
art is that mninmumcost and optimal placenent are not guaranteed.
Addi ti onal | &s iliustiaéechméthnthemrabdneal §istf of patentsranidcpatent epplicatioss, dierem@nna
nunbers and | ocati ons by mat hematic analysis for 2G d obal System for
Mobi | em@ayTméetheds femsiatitgMnterifasdediead poite daplogedn tiel wirgless Aebesik
(WCDMA) or Code Division Multiple Access 2000 (CDVA2000), or 4G 3GPP Long
Term any ) RMV &gk sis strERG8! oréq - ' sitions
Ed'égl%i l@il?etn%"%gr mélghé StrEh Isst hvc(vﬁﬁ!’o'r:éd mahgalijbat Gifstent po

| nt er oper rowave Acctess (W MAX) networ K conponent

mul ti-servic irel ess n desj f e NeJol? i ny
o t neatIsbaetop e pr P rlre enBliy rgWakh abel R uhe Yisfinc®
desi gn. SUVMARY OF | NVENTI ON Acqc@rdi ng to an as «?ct . the, present jnvention
or ovi RAIWEERGIRSAES POINiD OSSN AN hBIFdsHrech Soi 1eFationS iR ATEa: Phs
network, the method including: generating, by a conputer processor, a
plurality o preklemwith petwierk:design methpsseefthe mgior gyt 18 taaipinrappeeetei¥hr | a
target received signal strength for each receiver point of the plurality of
r ecei veptirpal plhsement are natejuarantaedgAddifiomaltyo thire are moonet®ds, fonaptomuatin ed
nunber of antennas based on a size of the conmunications network and a

cover ag@ephR@dtioh ctAnBEHRIAGNbe M AP lot288RS 49 Rdthe it 14\ for 2G Global

determ ning, by a conmputer processor, a location for each antenna of the

predi C%gsgen'nurfgr.erM ilea@o‘?ﬂ%gﬁfrcgﬁa?% (Posﬁ\ﬂgggﬁi WideBind G&fi@%ﬁfsicﬁ’f QAERPRY . an

estim recei ved signha recelver point wth the target

received sig en for.the r ive Qi i~ rat i,Ag

Fevi seaCossaRroMAG R Ebdsr b AT s chooq (GRuARZRE & Hnqser

conpari sons of target received signal strength grw est iJra]t d re_ceg.vec*

si gnalLeng gﬁgmﬁvolu ion (LTE), Wireless Fidelity (WiFi), an orldwide Interoperability tor
Microwave Access (WiMAX) network component multi-service wireless network design.

Yet a further problem is that many of the methods of the prior art are limited to outdoor

wireless network design.

SUMMARY OF INVENTION

According to an aspect, the present invention | provides a computer implemented
method for design of a communications network, the method including:

generating, by a computer processor, a plurality of receiver points;

generating, by a computer processor, a target received signal strength for each
receiver point of the plurality of receiver points;

determining, by a computer processor, a predicted number of antennas based

on a size of the communications network and a coverage area of an antenna;



The nethod provides a user with a powerful design environnment for 2GL3Gl4G
multi-service wreless networks, for exanple, which allows users to quickly
and easi lwoactymweaoan ef ficient and | ow cost network de®cgrsGaoiijongkeer and
out door ar eas. According to an enbodi nent, the conmuni cations
network includes at | east one of a dobal Systemfor Mbile Comrunications
(GSM, Wdeband Code Division Miultiple Access (WCDMA), Code Divisiogn

Mil tiple AcdeieEmipdad PYCEMEROUDNEr POPFESSehgaTCHieR dohteash ep|mNaaed the

Worl dwi de I nteroperability for Mcrowave Access (W MAX) network conponent.
Accor dpriedidted aneibeeof enfepdagent, the target received signal strength for
WCDVA, CDVA2000, LTE,WFi and WMAX i s generated based upon at | east one of

a m ni mum d(?érﬁpéml\%byaﬁ OPRSIOPRAIcebYor bt Ostimatadirateivée sty strengér érver
noi se power, a M node, a subcarrier nunber, a subfrane/frane | ength and

a synb f’ f . : i p&fehgg Fﬁfmodi ment ,

t he ne‘?%%ﬂ}%ﬁ{eﬁggww&hgggg& %Ivﬁ%gﬁ%‘iﬁm&n ﬂ%ﬁg?hgt éasrt (I)né receiver
point of the plurality of recejyer paoints.is,covered b reqexistin
antenna; r A ﬁePééﬂsepe%f?S'CM nBEl?@ir L ANEINGS t???ﬁ%yVﬁ%rpﬁ‘fber alt ?)En)? %ff
recei ver points. W) 2012/ 036640PCT/ SG2011/ 000320 . ccor di gg to I:n
enbodi thentompagsensiaf fargetoreqeivasi wignabgitiangthy rand) esimated reeeI¥ad a$19N 24 st
partly on an accuracy or tine-limtation requirenent. According to

an enbsteengtht, the step of determining a |ocation for each antenna of the
predi cted nunber of antennas incl udes: determning an initial

| ocat i on f oThgasdtheatrovidedaseseralith eapdwedult dosigm eaniramhennfor26/3G/d&s
bet ween the ant ennas; and updati ng, based upon at |east a receiver

path | ﬂ%ﬁ%—?@&% iréless ?%%ko&@?fdr%%rﬂﬁé, RPidM afdWs LiBErsidt QMBRY  arid 8asily

| ocation for each antenna. ccording to an enbodi nent, the receiver

oo™, el BRIGORS BR2ERRGTR RRI MBI D SRR 1 e
L 0 eRosrroD an BAERAASCthe SSPim hitABnA NS Ror! ALRITR S 1Bad Bhd"
of a Global System for Mobile Communications (GSM), Wideband Code Division
Multiple Access (WCDMA), Code Division Multiple Access 2000 (CDMA2000), 3GPP
Long Term Evolution (LTE) and Worldwide Interoperability for Microwave Access
(WIMAX) network component.
According to another embodiment, the target received signal strength for
WCDMA, CDMA2000, LTE,WiFi and WiMAX is generated based upon at least one of a
minimum data rate, an orthogonality factor, an int'erference, a receiver noise power, a
MIMO mode, a subcarrier number, a subframe/frame length and a symbol number per
subframe/frame.
According to yet another embodiment, the method further includes:
determining that at least one receiver point of the plurality of receiver points is

covered by a pre-existing antenna;

removing the at least one receiver point from the plurality of receiver points.



According to an enbodinent, the initial |ocation for each antenna is
determ ned using at |east a random conponent. According to an

enbodi nenvo 20ir36d4eps of determ ning a | ocation for eackcasGeana320
generating an estinmated received signal strength for each receiver point
and conparing the estimated received signal strength for each receiver
point with the target received signal strength for the receiver point are
per f or med aA‘inﬁ@Igit@@”oﬁ!mbpﬁlﬁ!ﬁ,ntvﬂ%ér%ﬁlrﬁhw rgeeivenPointsas JenesaiesPassd each
antenna is perfornmed using different initialisation paranmeters each of the
pl ur al attlgastfpdrtiyrea .an accuracylerctiméilingtationaeqeindrodntrent , the step of updating
the antenna | ocations includes: identifying an obstacle within a specified

di stance topédHdmgite HMPemBaliEat ﬂh@%t%@f aERATMING bWSERionHTer ehsh aatenrand
t he antenna; and WD 2012/ 036640PCT/ S&2011/ 000320 updating the

antenn&thgi)%(iﬂg%g?g%ﬁglengp%htémasd@g@gge bet ween the obstacle and the

ant enna. 0o an e I'ment, the step of updating the
antenna | ocat,ions.includes: Jidentifying an agntenna w.t hi onz Pl nt
area; and Lfi)l‘?fﬁfm'ﬁ‘ﬂ"q 78 Hﬁtfaéﬂﬂﬁaﬁ'%ﬁri SEC%a@ﬁan%&?sﬁﬂeagg‘%’?‘%ﬁrba%-gﬂe%feéﬁea.
According to an enbodi nent, the receiver points are generated equally
spaced®rHENBR pathlosabelwean tha/antggrasrad  Advant ageously, the spacing is
0.5m Imor 2m According to an enbodi nent, the receiver points are
grouped i ntupdatingr based appn atdeast seecaivey patiplosathetween ahleast ppe raeeivekecond
groups having at least one of a differing target received signal strength,
and a ghihf afid e AteAhs, aBEes&dRN for each antenna.

According to an embodiment, the receiver path loss is determined based upon a
path attenuation between the antenna and the receiver point, including at least one of a
free space path loss, a buildings loss, a wall penetration loss, a log-normal fade margin
and an interference margin.

According to an embodiment, the initial location for each antenna is determined
using at least a random component.

According to an embodiment, the steps of determining a location for each
antenna; generating an estimated received signal strength for each receiver point and
comparing the estimated received signal strength for each receiver point with the target
received signal strength for the receiver point are performed a plurality of times,
wherein the determining a location for each antenna is performed using different
initialisation parameters each of the plurality of times.

According to an embodiment, the step of updating the antenna locations
includes:

identifying an obstacle within a specified distance to the antenna;

calculating a distance between the obstacle and the antenna; and



According to an enbodi nent, the predicted nunber of antennas is increased
until a target received signal strength and coverage requirenent is net.
Accor di ngvbaoem3esodi nent, the nmet hod further includespgesenatiiong2a
report, on a conputer processor, and outputting the report on a conputer
interface, the report specifying at |east an antenna nunber and antenna

| ocati ons. ~ According to another aspect, the invention rovi§es a
system for wRsanG Bgt apienAatiaeationdbasemh uraB thei Wgtan&e&%tweﬁﬁtfgﬁf Qetaflsdul e
for receiving network rel ated paraneters; a receiver point

gener aamdtheraatehea. for generating a plurality of receiver points based upon
at |l east one of the network rel ated paraneters; a target strength
generation esbiimg t@raesfbadiitat a thergep b6Fafidetidg sir@nainteiergtatidrs:
each receiver point of the plurality of receiver points; an ant enna
pr edi Cibb% godul e, for generating a predicted nunber of antennas based the
net wor Ieat ed paraneters; WD 2012/ 036640PCT/ SG2011/ 000320 an

ant enna | oc, ti@n. nodul e, for .determni nilng a If)g%{ I%ﬁ for each antenna of the
oredi ct ed ndfBEYINganapteRRawvithin & non-plageriisnr 9&a: 8d: 11 esti mat i on nodul e,
for generating an estimated received signal strength for each receiver

poi nt of t hePGatingdhe @ptesing leeatiarebasrs HPQD theRRPIASSMEMM&$R edi ct ed nunber
of antennas and the | ocation of each antenna of the predicted nunmber of
ant ennas; According toi amamtxidireant, ithe segeivérspeinteoais gendgratedceaurlly sRpcate
estimated received signal strength for each receiver point with the target
r ecei vggtoss tiwhetworkeagvéragerarehe Adeariageouslgi thie; spacing is G5mortr of 2modul e,
for controlling the an antenna prediction nodule, the antenna | ocation

modul e, theagiGaRly Bt &FREABbERRENTBRE Q@céﬁ‘«?éﬁr{r}g@int@@ﬁb HRRIPEAIING asfirseaesup

conpari son nodul e“such that the antenna nunmbers and | ocations are revised,

and S g0ala SLLANPLRSUA" ndRiP 1AL e AR SBRBRA"GHHUBY Habvirfy B SR rB BF

differing target received signal strength, and a differing target coverage.

According to an embodiment, the predicted number of antennas is increased
until a target received signal strength and coverage requirement is met.

According to an embodiment, the method further includes generating a report, on
a computer processor, and outputting the report on a computer interface, the report
specifying at least an antenna number and antenna locations.

According to another aspect, the invention provides a system for communication
network design including:

a user interface module for receiving network related parameters;

a receiver point generation module, for generating a plurality of receiver points
based upon at least one of the network related parameters;

a target strength generation module, for generating a target received signal
strength for each receiver point of the plurality of receiver points;

an antenna prediction module, for generating a predicted number of antennas

based the network related parameters;



According to yet another aspect, the invention provides a non-transitory
conput er readabl e nedi um havi ng stored thereon conputer executable

i nstructiwOLF24036¢38r f or mi ng t he nmet hod descri bed above. PBRISEROIDESGRY PTI ON
OF THE FI GURES To assi st in understanding the invention and to
ep?ble a person skilled in the art to put the invention into practical
effect, preferred enbodi nents of the invention are described bel ow wa

of exanpl e ¥hpPtapnaHosalial Blpsle, Jot Aatesmiing anPratey e ?ntieﬂn@/rﬂf(b:tﬁ? g
FIG 1A and FIG 1B illustrate receiver points with different spacing sizes
(4m i rpredistédehumbadobantennasie right); FIG 2 illustrates an indoor floor

pl an exanple; WO 2012/ 036640PCT/ SG011/ 000320 FIG 3 illustrates an

automati c debighal steéndgin estinitibanmedule g igenaradingoaatsiimatedAreDeNe signdlod;
FIG 4 illustrates an initial distribution of antenna | ocations (marked by

sol i d Gt for eachFeCeiver IgdiMtSbf & DINaNG T&&ENdrSpdhtd) hdidd LPEA the
dNon di ffsperen

predictionm thematic map base sets of initial random antenna
oo R S BT PD, BT LB B  EhLA ARl G pRlch
number of antennas;

a signal strength comparison module, for comparing the estimated received
signal strength for each receiver point with the target received signal strength for the
receiver point;

a control module, for controlling the an antenna prediction module, the antenna
location module, the signal strength estimation module, and the signal strength
comparison module such that the antenna numbers and locations are revised, and
signal strengths are determined and compared until a predetermined criteria are met.

According to yet another aspect, the invention provides a non-transitory
computer readable medium having stored thereon computer executable instructions for

performihg the method described above.

BRIEF DESCRIPTION OF THE FIGURES

To assist in understanding the invention and to enable a person skilled in the art
to put the invention into practical effect, preferred embodiments of the invention are
described below by way of example only with reference to the accompanying drawings,
in which:

FIG. 1A and FIG. 1B illustrate receiver points with different spacing sizes (4m in
the left and 2m in the right);

FIG. 2 illustrates an indoor floor plan example;
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FIG 8 illustrates A-DANL results according to different distance

requirements to obstacles; FIG 9 illustrates A-DANL results according to
di f f er entwoantplsseienent areas with grids; FI G 10pciriseavravesso A- DANL

results for the floor plan with pre-existing antennas marked as pent agrans;
FIG 11 illustrates A-DANL results according to RSSI requirenents for
different 3G services; FIG 12 illustrates A-DANL results according to
di fferent cﬁi@er&@jesﬂr&t@auareaeh@mtlcmeaerm@atlom ©f tantenna PUDhRIS arRd (pgations
according to different RSSI requirenents of nulti-area in one coverage
area; (A-DANLFIntethdd; i |l ustrates A-DANL results according to RSSI
requirements for different areas with H (high) and L (low) RSSIs;

FIG 15 illpg r@t.m%n%guh [t diStriBEGOn HfNshtbAnd hb@é’(ﬁ}muﬁmé‘ﬁk@dE@ | lid

requirements for 12 data rate in 3G system 16 illustrates
A- DANL rtg)sul ts according to throughput and Ec/1o requirenents for 144kbps
dat a r% in 3G system WD 2012/ 036640PCT/ S&011/ 000320 FIG 17

For 38akbper s it RANY dpaHfs i patkjest RiaidPDJFRaRLE el Hed o
per subcarrier according to peak data throughput requirenents in a 4G
syst emen different sets of initial random antenna locations;
FIG. 6 illustrates obstacle (wall/pillar) avoidance;
FIG. 7 illustrates non-placement area avoidance;
FIG. 8 illustrates A-DANL results according to different distance requirements to
obstacles;
FIG. 9 illustrates A-DANL results according to different non-placement areas with
grids;
FIG. 10 illustrates A-DANL results for the floor plan with pre-existing antennas
marked as pentagrams;
FIG. 11 illustrates A-DANL results according to RSS! requirements for different
3G services;
FIG. 12 illustrates A-DANL results according to different coverage requirements;
FIG. 13 illustrates A-DANL results accordihg to different RSSI requirements of
multi-area in one coverage area,
FIG. 14 illustrates A-DANL results according to RSSI requirements fqr different
areas with H (high) and L (low) RSSIs;
FIG. 15 illustrates A-DANL results according to throughput and Ec/lo
requirements for 12.2kbps data rate in 3G system;
FIG. 16 illustrates A-DANL results according to throughput and Ec/lo
requirements for 144kbps data rate in 3G system;
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FIG 19 illustrates Required RSSI per subcarrier according to peak data

t hroughput requirenents in 4G system FIG 20 illustrates required
RSSI per wohosross@n according to peak data throughput requisceomnves20n 4G
system FIG 21 illustrates a conputer system where the nethods of

t he present invention may be inpl enented,; FIG 22 illustrates
different sizes of antenna coverage area for different 3G services ar|d
frequency Hafds:17F itusteges | AdaANLL gesults | aseardingoftopithroughpaht @tha&S'R t he
A- DANL net hod; and FIG 24 illustrates three coverage areas in the
same freqairemleats fon 384kbps QAtlrateeint@@ system; Those skilled in the art wll
appreci ate that mnor deviations fromthe | ayout of conponents as

i | lustrated|q) 4Beidsauidaosediildd BINRISsEraGUbEARIBY t Aecdpdingeto f peask | @atang of
t he di scl osed enbodi nents of the present invention. DETAI LED DESCRI PTI ON OF

EVBODI THE .Enbodi nents of the present invention
e e enR Y FeG svteme

conpri anni ng ne | ements of the invention are

illustrated_in ngi se outljne formid the draw ngs, shgwi ng. o t e
speci fic ddtlS| ggt ﬁ'&?trﬁﬁeé H@Bé'g@gr ?ﬁ PRk %H?&@Frﬁqaﬁﬁ?q{ NS q?hééé'ﬁb@ “ment s
of the present invention, but so as not to clutter the disclosure with WO
2012/ 0BBBOINPOTrSLPEMEIo 084G eta8si ve detail that will be obvious to those
of ordinary skill in the art in light of the present description. In
t hi s pat entFI§pe@Df ilustratas, ragjiest i RES| sperh sabcéiries t acemidingc dadpealef datand
right, front and back, top and bottom etc., are used solely to define one

el enerthrqighpet FsLieinents ivaGagietdiay el ement or nmethod step wi t hout
necessarily requiring a specific relative position or sequence that is

descri bed hg1 aff8F4te¥es- cYMPURrSEFdledS wHEREPIHeS Afeth8ls "dMetdidResent €
not used tgylgéf ?%emgﬁﬁéeﬂgcl us?vebsetr gféiel enments or nethod steps. qggt her,
such wor ds. ner e define a minimumset of elenents or nethod steps included
in a

I
dQY?’?b‘lﬂ@?y 'M'?@ﬁ?te the present invention. According to
t, _the inventi esides i t i mpl t d f
dosi nof - FGorperleiaten e e A AR cPHERIE: A fnar & T A Coy a

conput er processor, a plurality of receiver points; generating, by a
conputsarvipes @sddmquency Hages; recei ved signal strength for each receiver
point of the plurality of receiver points; determning, by a conputer
processor, RQr2Xillesteates effloignayfof acing astdrmasdn thre A-DAKE roéthodeand

communi cations network and a coverage area of an antenna; determ ning, by a
conput er prREESAPillustratedCtiré® Rolefageasizagnihethaashe tfloer pladire tree AADADEr  of
antennas; generating, by a conputer processor, an estimted received signal
strengrhgtﬁogr each receiver point of the plurality of receiver points, based
upon the predicted nunber of antennas and the | ocation of each antenna of

t he predictgd nu r ,of ,antennas; co ring, rece he

coti fmt ed T OIS SHTEY gndfS ot BigepPRORteAne TitesuEpREso BRREN of ge,

received signal strength for the receiver int; _generatin revi sed

pr edi cGRBPONRAIE @sJHUiFRIEd i the,dings Wi ﬁ?tp‘ﬁ)%téﬁﬁt f’g’rﬁ’éﬁﬁﬁ PEQP%@BW%Q’]‘%HE of

target received signal strength and estimated received signal strength.
the disclosed embodiments of the present invention. ‘

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Embodiments of the present invention comprise network planning methods.
Elements of the invention are illustrated in concise outline form in the drawings,
showing only those specific details that are necessary to the understanding of the

embodiments of the present invention, but so as not to clutter the disclosure with



WO 2012/ 036640PCT/ SG2011/ 000320 The present invention enables the
determ nation of antenna nunbers and | ocations to satisfy the voice and

dat a serwvoesiymemnr enents in 2GL3G 4G comuni cat i on netrewrskao11fooss2exanpl e.
An enbodi ment of the present invention, referred to as Automatic

Det erm nati on of Antenna Nunbers and Locations (A-DANL), generates a
solution for an area to be covered with known predicted path attenuation of
a pl arexsessiveedaigil thatdvitheabriovelte thess vl 2sdinpay skill 4z ithe prt EnieH lﬁkﬁpes
and 2G 3G 4G services requirenments, and is described in detail bel ow

| nst easreséntsddszriptiog. recei ver points manually in the area, A-DANL generates

receiver points automatically. FIG 1A and FIG 1B illustrate a plurality
of recei Verlnp@ﬁsnbate%@%p@emea@éﬁ cadjbotiveensiickt 8¢ fRét érl@@%keﬂ@ﬁd OleftAamanighim
respectively. If a smaller spaC| ng is chosen, e.g., 0.5m nost possible

' ndoorfr&%}dar%lbgag rtoléaarﬁgst%t MCa! I8 21 Qﬁelygs'dé‘i'gg o 8 r;ﬁtd?r%éﬁﬁﬂ' ver

poi nts he accurac enna ['ocati ons 1S depen ent on nunper s of
receiver |nts to be covered e receiv 0|nts co be .N p,

hands ciepor ey Radiben SemeRL o8 pettiod' SEeavihalt mecasEL fodfnbo} %%ﬂae%i@ <
antennas in this area to provide signal_ coverage for N han% he
cover dgéatiyer pesitionyeori sequancal thadds bjescaRper bhd ¢ rrAigetivesst %réjéi seeh s”]sgnal
of N handsets and the target RSSI (received signal strength indication).
RSSI i‘cohipeisesVentindudes araaot esed e defing aalexsiusivegset affelamnentgcdyi methosi gnal
only. For data throughput coverage, the coverage percentage is cal cul ated

by t hestépweﬂatﬂat FutRtvrsrds lelefedéfri@ atmihirhant sétest. eldineats oc aietkod Btepd s,
generated by small spacing size between then, result in nore accurate

??Eglnggzé%%géﬁﬁg%gg %P%@E%Hém &%E%gggﬁg{vgﬁgéﬁa p?/\gn of site, an indoor

at ?Sﬁlu;t orfeaalightd gé?éﬁt *\%?'ﬁ%nt :n ?%%“?s B3 %mé%tﬁﬁ‘e eiedRAled g
FIG, 3 3

s i RS e B S TS

i ndoor/ out door coverage area and coverage area of antennas in the

i ni ti atampttiespranesgonia PURNKL obraseives OIS (aNaAkRG by CAMRUERIRTAGRSY of
antennas required, as initial antenna nunber. The selection of the initial
ant enrmtia:gmtréoeisedta'gmal girédgth hfer reactiorecedlez cpdioh obfthé i plgnalibhef receiver
Afterwards, the initial |ocation of other antennas will be chosen with

maxi musgiRgt cttffifingbay weetmpliteraitbeassRs, atradithel nanber of psiterday bags] of
randominitial antenna |ocations are generated. Obviously, the antenna

| ocat i ghs 'dé'f%é? & ﬂ'\éo%o%rﬁuﬂi'céfl ’}L etwork _and ki cBYefdge! Gr&fofl §RSantenpl; as

voi ce an a, are supporte e sane coverage area, the target RSS!

[ h f d h th
it er (GRS Owat@g%ag@meﬁgqryg%ss&ﬁ B RCHPER tof 2o el %'t@%i@@%g‘é‘%
supported in different coverag greas di fferent service ageatsd cf
cover dyempeq of r&HeRtas. \penergiingp ¥i 9| CINPYHef REOLESSAra RNz Y BAC rédeild f

there are directional antennas installed, before the calculation of the
i ni ti asigaaltstrengtinforieach neneiveepeint of theopluralit afireceiver pRinta geased HROR the
updated by the directional antenna coverage.

predicted number of antennas and the location of each antenna of the predicted

number of antennas; comparing, by a computer processor, the estimated received
signal strength for each receiver point with the target received signal strength for the
receiver point; generating a revised predicted number of antennas based upon at least
one of the comparisons of target received signal strength and estimated received signal

strength.
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According to the convergence criteria and the pre-existing omi-directional
antenna in each group, the antenna |ocations are determ ned, and updated
consi der iwg 20ix36da8t acl es, non-pl acenent areas and nul t ippirsGasracEYer age.
The required antenna nunber will be updated and m nim zed by the nethod to
deal with different multi-service WO 2012/036640PCT/ SG2011/000320 coverage
requirenents in the A-DANL nethod. The final solution of A-DANL will bhe the
one with mi Thenpreaanteinentiorbenables dheqdstarminalies, of antennarrphers @88s (in
dB) between a receiver point and an antenna in a 2D indoor floor plan can
be gi vienatiphsCOBT LRisfMuthei -Widd andeldadi amviaespaequif@nemﬁsﬁnAc&G%ﬁ;/Q@l,
Digital nobile radio towards future generation systens, Chapter 4), PL

PLFs +cdsimunieation nefworkslfor esbifipfe.f ree space path loss (in dB) is PLFs
| ogio 147-if )2 d" ¢ ) , and

An embodiment of the present invention, referred to as Automatic

10

Determination of Antenna Numbers and Locations (A-DANL), generates a solution
for an area to be covered with known predicted path attenuation of a plan of site by
prediction models (COST 231/Ray Tracing), antenna types and 2G/3G/4G services
requirements, and is described in detail below.

Instead of selecting receiver points manually in the area, A-DANL generates
receiver points automatically. FIG. 1A and FIG. 1B illustrate a plurality of receiver
points 105 automatically generated at spacings of 4m and 2m respectively. If a smaller
spacing is chosen, e.g., 0.5m, most possible indoor and outdoor handset locations can
be included in generated receiver points. The accuracy of antenna locations is
dependent on numbers of receiver points to be covered. The receiver points could be N
portable handsets distributed in the service area and the objective is to place K
antennas in this area to provide signal coverage for N handsets.

The coverage percentage is calculated by comparing the weakest received
signal of N handsets and the target RSS! (received signal strength indication). RSS! in
the invention is the received signal strength of the desired signal only. For data
throughput coverage, the coverage percentage is calculated by the lowest data rates
and the target data rates. More receiver points, generated by small spacing size
between then, result in more accurate antenna locations, but more time-consuming

process.
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n : Path | oss exponent d : Distance between transmtter and receiver f :
Frequency ¢ : Speed of |ight Nunber of penetrated walls of type i L"": Path
| oss of wabl20tyEessd t 0 be optim zed al ong with the neasecedcpetivoéaes data
I : Nunber of wall types Lc: Constant path |l oss to be determined with the
measured path | oss data. For outdoor areas, the path | oss can be

gi ven by COST 231-Hata nodel or COST 231 - WAl fisch-| kegam I\/bd(TI. As a
whol e, for Ah gpamiple etiamianobais Huingoor feonplan with obstacle materials 200 is

shown in FIG. 2. The signal attenuation through the metal is more than that through
concrete and wood normally.

FIG. 3 depicts a flow chart of the A-DANL method 300 according to an
embodiment of the present invention.

Total indoor/outdoor coverage area and coverage area of antennas in the
initialization step of A-DANL are used to calculate the minimum number of antennas
required, as initial antenna number. The selection of the initial antenna locations starts
with the random selection of first one. Afterwards, the initial location of other antennas
will be chosen with maximum path losses between all antennas. A number of groups, Q
groups, of random initial antenna locations are generated. Obviously, the antenna
locations in Q groups are different.

If multiple services, such as voice and data, are supported in the same coverage
area, the target RSSI will be that of data service with the highest data rate considering
the interference from the estimation or measurement. If multiple services are supported
in different coverage areas, different service areas with their coverage requirements will
be specified in the initialization.

If there are directional antennas installed,‘ before the calculation of the initial
antenna number, the receiver points and the coverage areas are updated by the
directional antenné coverage.

According to the convergence criteria and thé pre-existing omni-directional
antenna in each group, the antenna locations are determined, and updated considering
the obstacles, non-placement areas and multiple area coverage. The required antenna

number will be updated and minimized by the method to deal with different multi-service
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WD 2012/ 036640PCT/ SG2011/ 000320 generalized path loss utilized in the
invented A-DANL is the maxi mnum path attenuation, including not only the

pr edi ct edwbnrer/spaoce path | oss, buildings and wal | s penetrac2on/obese, but
al so log-nornmal fade margin, interference margin and body loss. In the
networ k design, target RSSI requirenent is the key KPI (key perfornmance
indicator). If the antenna EIRP is given,_i.e., GdBm the RSSI requienent
Wil ovemgeragirementhiin hed RN amethpdsEhe dnali sadulian oy DANE will perpe
RSSI,arge, . If there are data rate requirenents in 3G and 4G systens,

t hese gregwith enmimemvdnténieencmbesy fred @ soREBhsr equi renent consi dering the
total receiver noise power and interference, to be analyzed in Section 7

and 8. The PSP HB) MetesdPdi eeBivePbolrt Gy 88 @terinay @naiZm inddur
A- DANL net hod consists of nine sections described below. As will be

under %Lo%gﬁbé%i AnRE! SR BRSr 231 GG MBleXPindl et 1BE LRI odiofins

need b ationof antenna coverage area and initia

ant enng._nhuymber : Lf, the i mum al | owed path ss, between t he antenna
and t@%iﬁg'it@)é?owﬁ rRdio togvaggg?égrq_g%fﬁraﬁ?@Sg&gg!sob%?ﬁgeréhtenna coverage (0
can be calculated by the free space path loss fornula, L-20 logic: 47111 c
) = 2-Cl 05n The antenna coverage area depends on the frequency band and
path | oss exponent. In a plan of site wi thout any obstacles, the
requi red antenna nunber is nsi dered as the m ni num nu?tﬁr, used as the
initial nunber. FoPLdiFkerethd6: +L.>

i=l

4 2
where free space path loss (in dB) is PL.s = 1010g10{(—ﬂf—j d"} , and
C

n . Path loss exponent

d : Distance between transmitter and receiver
f . Frequency

c : Speed of light

k. : Number of penetrated walls of type i

wi *®

L _: Path loss of wall type i to be optimized along with the measured path

loss data
I : Number of wall types

L,. Constant path loss to be determined with the measured path loss

data.

For outdoor areas, the path loss can be given by COST 231-Hata model or

COST 231 - Walfisch-lkegami Model. As a whole, for a specified frequency band, the
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WD 2012/ 036640PCT/ SG2011/ 000320 servi ces and frequency bands, the sizes of
antenna coverage area are different. Assumi ng that the coverage area of an
ant enna iwobni2A36@nd t he square site area to be coveredpcs/stoanoixnel e area
shoul d be 7r/2=1.57 times of the square area for the circle to cover a
square conpletely, as shown in FIG 22. Therefore, the approximate m ni num
nunber of antenna, K , to be placed, can be derived fromKm. =yix|.5710,
wher e géneralizes patbdossoutiizeddn dhe invested A-DANL is thenmaximymnatk tteAHalIHunber
coul d be any non-negative value, however, which will downgrade the A-DANL
per f orinBiuding Aot Okiyetheipradicted frbe asptaesnzath dose risuildings| and wadls spenetration
Initial antenna |locations are selected fromthe receiver points based on

very siggsi but aloPRhbibdierade ThRargin! ShtepBtatRANPGMAL BAA bd)ycarssen lanineor m y
at randomfromthe receiver point set, after which each subsequent antenna

or abasttipl) BEREA ErartREE) PRl S int REFKEA (BRLRIGFERE) Mdlloh e
"cl t" t " Cl t" th t he | t. t j nst ead
of | oclbe HENTAEARPde <l uTuc-e pOTARL NG Fne! e et o1t BE, corh e o Her

antenna | ocations 400 is shown in FIG 4. Antennas are initialized at

i ni ti anakioeemi path WG5S requitement athL .05 EIRE -dSShugh Hsthesesans dakerdiSen

t hem The initialization of antenna |ocations is performed Q tinmes
and t j SABl &,k UL 1 nt.en i pralaletys| i
resul %%P&éé%i’éﬁoﬁ i3§n§33|$,@0§/r?§%35eﬁ{§g,@ ﬁgﬂ%ﬁgﬁ?ﬁ%ﬁ@% gol uti c?ynéo \(%%J?Q be
found fromthemin terns of, m.ni num ant.enna count, . 1.0 I . At
any i PHTEFRY cPRYIRANG e ol tect R Tuse poysr Ap B8 el T bBAuyaE:
r eR tothe "closest"” center, c, we have already chosen. r and c have
two- Sealiop/ HasdB0PCT/ SG2011/ 000320 di mensi onal vectors, (r,"ry) and
(c"c,), representing a receiver point |location and an antenna | ocati on
respect i vel Accortiimgf t lamwiempastirepst of dhe (Present inventign, diee ADANE haetindnna
|l ocation initialization, which will run Qtines to generate Q antenna

i ni ti addrisidts @RPine sections described below. As will be understood by a person skilled in

the art, not all of the below sections need be present.

1. Calculation of antenna coverage area and initial antenna number
If the maximum allowed path loss between the antenna and the receiver points is

set as L dB, the area of the antenna coverage @ can be calculated by the free space

path loss formula,

L-20 loglo( 4 ]

C

=m0 % (2)

The antenna coverage area depends on the frequency band and path loss exponent.
In a plan of sife without any obstacles, the required antenna number is

considered as the minimum number, used as the initial number. For different 3G

14



2.1). Fromthe receiver point set, R choose a receiver point |ocation,
uniformy at random as an antenna |ocation to be included in the defined

antenna swbeotdmeesset A PL(r. )2 2.2). Assuming F, = ebosseoliveonext
antenna location, r. ER and IPL(02 r, ERr O A which results in F = maxIlF
FF 2, 3,--, J,,F KL. (3) Then ri is contained into A . 2.3). Repeat

Step (2.2) until the all K antenna |ocations have been chosen and i ncl uded
in A services ame feequency bands, i be sigesrof antarna coveraget aiea ive §fferasds
described in steps from(2.4) to (2.11). Once the locations of the receiver
poi nt sAggEMIBgaBantRScAEragearé® ofih amenma is ald, yand the dquarausiteranea dolpet |,
sone area with receiver points is covered by the antenna which has the

| east paldied 35, LRirReard3CaiNAd bROL NS S |59NHMe8 b Mhé BoabRearaanfor theirclEhe
[ecelveidPo:nt group covered by each antenna is used to calculate the
i tC gp;[t]%lﬁ?sveg)%cs%tu'a?enc&%piqulypgggﬁgﬂn‘i\pi:?@.nﬁ'z.l ocation in the iteration. The

Therefore, the approximate minimum number of antenna, K, , to be placed,

can be derived fromK_. =y x1.57/¢, where the site area to be covered is ¥/ .

min

The initial antenna number could be any non-negative value, however, which will

downgrade the A-DANL performance.

2. Determination of antenna numbers and locations

Initial antenna locations are selected from the receiver points based on very
specific probabilities. The first antenna location is chosen uniformly at randorh from the
receiver point set, after which each subsequent antenna location is selected from the
remaining receiver points according to the probability proportional to its least path loss
squared to the point’s “closest” antenna. “Closest” means they have the least path loss,
instead of least Euclidean distance, between them. An example initialization of antenna
locations 400 is shown in FIG. 4. Antennas are initialized at initial locations 405 such
that path loss is as much as possible between them.

The initialization of antenna locations is performed Q times and thus gives out Q
possible initial antenna locations randomly, which results in Q solutions. In
consequence, the best A-DANL solutions could be found from them in terms of
minimum antenna count and minimum path loss.

At any given time, let PL(r) denote the least path loss from a receiver point,

re R, to the “closest” center, ¢, we have already chosen. r and ¢ have two-

15



WO 2012/ 036640PCT/ SG2011/ 000320 antenna | ocation update are term nated when
the receiver points covered by each antenna keep changel ess, which neans
the iteravoanimoemer ges. 2.4). For each antenna, ck, kcikcTgehinmodde group
Rk ={171,1"}1,1 fromR to be the set of receiver points covered by ck ,
where i =1,2,...,/k and /k is the nunber of receiver points covered by the
antenna ck / is the total nunber of receiver points in Rand 1/k =/ . k=1
2.5). dioensirtal aacennalr,.ck, akE (£1¢2, repigsenting daresetviee poist decatiPropndrarenna
Ck with the coordinates of ( Sk,",ck,y) the "centroid" of the receiver

S R e R
antenna location initialization, which will run Q timés to generate Q antenna
initializations.

2.1). From the receiver point set,R, choose a receiver point location, r,
uniformly at random, as an antenna location to be included in the defined antenna

selection set A.

PL(r,)*
2.2). Assuming T, :—Z—%, choose the next antenna location, r, e R and
. -
r,eR
r, € A, which results in
[, = max{ly, Ty, Ty, Ty (3)

Then g is contained into A .

2.3). Repeat Step (2.2) until the all K antenna locations have been chosen and

included in A.

The antenna location determination is an iterative process described in steps
from (2.4) to (2.11). Once the locations of the receiver points are chosen as antenna
locations initially with the antenna count, some area with receiver points is covered by
the antenna which has the least path loss to the receiver points compared with other
antennas. The receiver point group covered by each antenna is used to calculate the

“centroid” location as the updated antenna location in the iteration. The iterations of
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PL(r,,k)E PL(r) all r,Ecellkall r,Ecellk 2.6). Path | osses to all
receiver points fromtheir antennas are recal cul ated wth updated antennas
based on wbeopatsbssboss predi cti on nodel s. 2.7). Repsabomtoegssofrom
(2.4) to (2.6) until the iteration converges with stable receiver points in
{R1, R2, , RK} . 2.8). The RSSI for each receiver point is calculated
by the predicted path | oss and assunmed antenna EIRP, and is conpared \ﬁith
the t aarfenn®Isratisin spdater et itewningtadnwhesr then EecaivasT RQYBtSHEPYRIREaRY eac

cal cul ati on. 2.9). If the target RSSI coverage percentage is

sat i sfamtdnha kédp 8hanyélessniieichaneanditbe, itekation tonveegeseduced to be K12 for
anot her process round. WO 2012/ 036640PCT/ S&011/ 000320 2.10) Steps
from(2.4) ( at ed ;ti kA e eLgenti/a

t ar get coveéf'g'é'eﬁ%'g%ac@ﬁt% ggegmgk act Ik;é \%’ti&lﬁﬁgmép@? Edkﬁnf{gﬁ%ﬁgﬁ%ﬁrﬁgg EO tPtg‘aée
which results in PPt arg et while P < arg et with Ka -1, if Pis the
cover athe gEtrafereceiyer aoihtPicoserpdeby i, where argel,. pah, camd dgds the number af1) .
If the target RSSI coverage percentage is not satisfied in (2.8), the

ant enng n r S ld, L hct to be . : : are
r epeat %&eﬁ’.‘gﬁm{’ﬁg @ 3%%% hﬂ%?@%ﬁﬁgg‘é : ngetég h? ﬁéﬁ?z‘#l é{eb%mc?g\%%‘%‘ééep%éﬁ%ﬁ% age
exactly with the updated antenna nunbers. The effect to the

di fferent g erage percentages by the nunbers of antenna will be anal yzed
in Sectli 8¢ &_/Far! each group of antenna locations from Q groups, the steps
from(2.1) t9 (2.11) are processed and Q solutions are achieved. If PL,"ax

is the
2.5). For each antenna, c,, k< {,2,---,K}, update the location of antenna ¢,

with the coordinates of (¢, ,,c, ), the “centroid” of the receiver points in R, ,

PL(r, ) PL(r,,) PL(r,‘_!k)
Co =T —T Lk T bty
2. PL(r) 2. PL0) Y. PL(y)
all recell, all recell, all riecell;, ( 4 )
PL(r, ;) PL(ry,) PL(rIk,k)
Cry =hy A tThy 77 totrn T
Y. PL(r,) 2. PL(,) 2. PL(ny)
all recell; all r.ecell, all riecell;,

2.6). Path losses to all receiver points from their antennas are recalculated with
updated éntennas based on the path loss predictio.n models.

2.7). Repeat steps from (2.4) to (2.6) until the iteration converges with stable
receiver points in V{Rl SR, Ry}

2.8). The RSSI for each receiver point is calculated by the predicted path loss
and assumed antenna EIRP, and is compared with the target RSSI of each receiver
point for the coverage percentage calculation.

2.9). If the target RSSI coverage percentage is satisfied in (2.8), the antenna

number, K, will be reduced to be K/2 for another process round.
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maxi mum pat h | oss between one antenna and its covered receiver point in one
solution, the final solution is the one with the m ni rum PLmax sel ect ed
from t hoswowni2nssdae mi ni num ant enna count required. PCTRIGE11MA03g0 ves t he
A-DANL result based on one group, nmeaning that Q= 1. In terns of sane
requi renents, including target RSSI, coverage, m ni num pl acenent distance
to obstacles and antenna EIRP, the solution with fewer antennas required is

achi eved i f2.¢0xStepsaformn@h ton(2rd)@resepeptadktil tin eavrigoamereedage meets
installation cost are at the price of tinme-consum ng process. The network

desi gnae eadetfdovérayd pedentide eiotgenith tiee iupshted antenna custbersdK:, hehich
processing tine. Mre group nunbers, |ess antennas required. 3. Qbstacle

and Non-p| acenent area avoi dance . 012/ Q36640PCT/ SG2011/ 000 In
gener aﬂe,sul“hé? d arenaafl) %H?sfé)odgeé’)"yr\;).éj?m)gl Es',s tﬁﬁ qqygrmpgrcceﬁ%g%ggdar ea.
Additionally, some areas are not desirable as they are either unavail able

or neeg MDiLHeQRkgdt Per@iHtggdra i nstallation. However, the cal cul ated antenna
| ocat i o%" ?rom Segct i(b%n 2 naybe coincide with those obstacl es or

non- pl acenent areas. For that reason, the follow ng nethods, are, proposed to
guar ant ee t&hd1hnlfeihgatarget lReSSP'o@%Y%faQ?h@eréf@ﬁtqgﬁbise%ﬁbsﬁalt'ﬁ e Qi Qié)a the
predefined distance, h, to obstacles and the boundary of non-pl acenent
ar eas. artbahaciumbmrpKdshaeld increase Ag ber 2knGteps fromd@isbdprdnt0) arpgepadiast i on
makes use of a search nmethod to find obstacles within a defined distance h

of eacHl & ebVéragAsp&rieentageniiekfs tig\target eorerdge, pgicentageupractdwith the
centre of a circle with the radius of h, those obstacl es having

inters@%&&gny&ﬁé ﬁd?ﬁbérisf(:' e are recorded for antenna novenent in the next

st ep. obstacle or 1ts border can be considered as a |ine segnment and
t he di stan t € e I t Lon' .
d1) (w - dzfﬁ)? ce)ffé?t tﬁ)atﬁg m%leb?&ﬁ\iérggéi)eggerﬁégg% b6 R mainftRr 3k AnterMaMwil

be analyzed in Section 6. For each group of antenna locations from Q groups, the steps

from (2.1) to (2.11) are processed and Q solutions are achieved. If PL,mx is the

maximum path loss between one antenna and its covered receiver point in one

solution, the final solution is the one with the minimum PL_, selected from those with

the minimum antenna count required.

FIG. 5A gives the A-DANL result based on one group, meaning that Q = 1. In
terms of same requirements, including target RSSI, coverage, minimum placement
distance to obstacles and antenna EIRP, the solution with fewer antennas required is
achieved if Q = 20 as shown in FIG. 5B. Fewer antennas and less installation cost are
at the price of time-consuming process. The network designer can find a trade-off
between the installation cost and the processing time. More group numbers, less

antennas required.

3. Obstacle and Non-placement area avoidance
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2(5) wth knowm d, dl and d2 as shown in FIG 6B. In order to keep the
m ni mum di stance fromthe antenna to the obstacle nearby equal to h, the
ant enna swoubtk/skisht (h - h') from (x, y) to (x', y'), eesscasoenoFl G
6C. The updated antenna location is xi=x + (h - h')- cos ay, =y + (h
it') . sina, where a = arctan 1 {. x WD 2012/ 036640PCT/ SG2011/ 000320

|f one antenna is placed in the space between two paral |l el obstacles of a
| ong cor ri dorgeneral, therehaes mariychbstacless ket halls2iin the oviele (forpagespred-he

antenna is to be noved to the mddle position, (x',y') , between the two

obst acA@dgitiofdlly, s6egireas are nex depirable leatthepararithenanamilbleadedeed norehar p
corner and the antenna is nuch closer to both obstacles. Accordingly, the

posi ti fér‘anténma insthildlionD flohaiver, dhs lcaitfated antéhid R caliGiafibrs Sebten @ be
t he updated antenna | ocation. Wth known coordi nates of

maybe coincide with those obstacles or non-placement areas. For that reason, the

following methods are proposed to guarantee the antennas to be located the available
positions with a predefined distance, h, to obstacles and the boundary of non-
placement areas.
Obstacle avoidance

According to an embodiment, the invention makes use of a search method to
find obstacles within a defined distance h of each antenna. As shown in FIG. 6A,
antenna (x, y) is supposed as a centre of a circle with the radius of h, those obstacles
having intersections with the circle are recorded for antenna movement in the next step.
Each obstacle or its border can be considered as a line segment and the distance to

the antenna is calculated from Heron’s formula,

_ 2\Jw(w—dl)(w—d2)(w—d) where o d1td2+d (5)

d 2

h'

with known d, d1 and d2 as shown in FIG. 6B. In order to keep the minimum distance

from the antenna to the obstacle nearby equal to h, the antenna should shift (h—4")

from (x, y) to (x’, y’), described in FIG. 6C. The updated antenna location is

{x:x+(h—h)-cosa,where a = arctan 2. (6)

y'=y+(h—-h") sina X

19



obstacles, {a, Pl can be calculated and 0= ,8 - a 2 accordingly. Therefore,
t he updat ed antenna location is {ha+/3 x'= xo+cos() sin 02 .hsin()

WO 2012/036640 PCT/SG2011/000320

If one antenna is placed in the space between two parallel obstacles of a long
corridor, the width of which is less than 2h, shown in FIG. 6D, the antenna is to be
moved to the middle position, (x',y'), between the two obstacles. FIG. 6E gives an
example that one antenna is located at a sharp corner and the antenna is much closer
to both obstacles. Accordingly, the position, (x',3'), with the same distance, h, to the

obstacles should be the updated antenna location. With known coordinates of

p-a
2

obstacles, {a,} can be calculated and 0=| accordingly. Therefore, the updated

antenna location is

sinl9' 2 , (7)

where (x,,y,) is the intersection point of the two obstacles. FIG. 8A and FIG. 8B give

A-DANL results with h of 1m and 2m respectively. Antennas need to be moved further
from their calculated locations when longer minimum distance limitation to obstacles is
required. In consequence, more antennas are required possibly. As shown in FIG. 8A
and FIG. 8B, the final antenna number for h = 2m is one more than that for h = 1m.

If the obstacle is a thick pillar, shown in FIG. 6F, the pillar area can be
considered as a non-placement area for the antenna installation, which is solved by the
method of non-placement area avoidance described below.

Non-placement area avoidance

The non-placement area could be a polygon with any shapes, classified to

convex and concave types, shown in FIG. 7A and FIG. 7B. At first, the available shifting

directions are selected because some boundaries of non-placement area could
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sin 02 ( 7) where (x0, yO) is the intersection point of the two
obstacles. FIG 8A and FIG 8B give A-DANL results with h of I mand 2m
respect i webyo12Aist@onas need to be noved further from thecr/scadnawheted

| ocati ons when | onger mninumdistance limtation to obstacles is required.
I n consequence, nore antennas are required possibly. As shown in FIG 8A
and FIG 8B, the final antenna nunber for h = 2mis one nore than that for
h = | ngoincide with thendlogp$lat beundares. npesonsily.|the, distapra fremeEhe a@ﬁﬂ”?ﬁ‘@
pillar area can be considered as a non-placenent area for the antenna

i nst al éadh bordenof the pslygon frech bif avhitabie diredtiars iswalqllatedynEqa(Sanavibiedance
descri bed bel ow. Non-pl acenent area avoi dance The non-pl acenent area

coul d BredioRAhiHMR WiriRuANdistdhBas chesérs SiHarerd,an FIBY ZA, thedartenaavewtlly pes,
shown in FIG 7A and FIG 7B. At first, the available shifting directions

20121 AR TP Qa9 s a0 et e B v R E R T ore (e haundag T

S dly, the dist h t t h .bor der, t h f
a1 e paBrEuET I forLl B I St BEaTer &5 AndirRe discarh B n
the m ni num di stance is chosen. Therefore, in FIG 7A, Itrae ant enPatam%l I

be nmovegvewmest [dyestionrisvirem thecantenng & dhamkeing panihen&ires, Beares t he
perpendicular line to LI. If the non-placenent area is a cylinder pillar

area, amtennmavenent direction is fromthe antenna to the point on the circle
nearest to the antenna. However, there is a special case that if the

non- pl acenebwaieR théreCiant sysciainchdeihatiifttas monfplasemkeat akacisasmdave tarel
concave vertex B, as described in FIG 7B. In this case, the perpendicul ar

line %Ubﬁt@ﬁnéﬁA”{b’sB!é%éerB%Q_tb $hd Bsﬂé{kfe {é0en BNhSRRACAbEPINFIG TR, iintthis

doesn't have intersection point wt . Consequent|ly, the perpendicul ar
direction to LIl ] L | a . J t N gqW th
some. drtattie PR Elng B pR dnRHErbRgRr IR 4 fn itehtE RIFEIY o
by Eq. (7) ,based on the concave verfte | f, the pol n horder is
an obs@‘g{d? dogsn L havye 'nﬁ‘f"féeﬁtﬂf?fh?@'ﬂ‘y%‘i‘e@n?%ﬁﬁquﬁg‘%ltgﬁ@&r qcﬁ&ﬂﬂregﬁ?%foa{hce
of htoit; otherwise, the antenna can be located at this border. Simlar
to t hetoi kpégunavaitaie. aln smve thendnriesnay pHbObE: AWl some diStaresHga™ t he
defi ned non-placenent areas lead to that nore antennas being required to
provi deouritarics| gleé URSStedianhta s tomationg® isecaleulatege pyalsqi (T)ubased e the FI G
9A and FIG 9B.

concave vertex B.

If the polygon border is an obstacle or wall, the updated antenna will be placed

with the'distance of h to it; otherwise, the antenna can be located at this border. Similar

to the impact to the antenna numbers by the obstacle avoidance method, the defined

non-placement areas lead to that more antennas.being required to provide the target

RSSI and 99% coverage percentage, as illustrated in FIG. 9A and FIG. 9B.

4. Automatic determination of antenna numbers and locations with pre-existing
antennas

If the A-DANL is performed in an area with some pre-existing antennas, or there
are some fixed locations for antenna installation, several steps would be processed to

solve these problems.
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4. Automatic determ nation of antenna nunbers and |ocations with

pre-exi sting antennas If the A-DANL is performed in an area with
sone pre-wpi2styuge4ant ennas, or there are sone fixed | ocatrseaofi®bozant enna
instal lation, several steps would be processed to solve these problenms. WO
2012/ 036640PCT/ SG2011/ 000320 Pre-existing directional antenna If the
pre-existing antenna_ is not omi-directional, according to the target RSSI|

r equi r Rrezaxistingedirectionalrargennas covered by the installed directional
antennas are excluded in A-DANL process at first. Then, the initial antenna
nunber, Kmf the ipse-eridtihg cinbynrizhis matn@nni-digectional, ayeording Thilg target RIFINL i s
performed based on the remai ni ng uncovered receiver points. Thi s

met hodr ol f¥cRl tHEPPEEAEr pBines idovbReRl Byt il iitilalRfd idpduger 4rtenaas | drege
surroundi ng the building or coverage aréea. For exanple of indoor design,

t he maxi il S.S.- ol and ;s in
36 neraisied PrAE rPadeis 3RS Thie: B L A T e PR o ¢
satisfy the spillage requirenent, directional antennas should be pl aced
manual by the aemairing moveeage afea he. dhwsy doe ARANL s @erfarmasibaged opethe
processed based on the remai ni ng uncovered receiver points. Pre-existing

omi - dighe5hingNHcotBicN Y8Reiver pointd. the nunber of the pre-existing antennas
or fixed locations, K, is lager than the initial nunber of antennas, K,

r 1ixed T ocat s 1 e initial . _
dor ved fr o nneliEBRyFarl iR {dke i né\ SEEIRIARHECHS, e Sikize 01 °

Cal cul STEREHUR R pals0 BF EAVRTAGE rod i it oL rctr dREBY) B by

antenna | ocation wll be noved to this pre-existing or fixed, o atifo . f
the prepiksgeta the seadmisa$odBne in 251 aetwerkgrand ol rﬁt'nt:’ré nNsbYpE 'Sorlns“?’ar
away fromthe calculated |locations, it is possible that nore antennas could
be reqantendat catisns ecalbglatanl dryadbe pArPANkamoethods donlt usatisty ethe rspHiags

10A, 10B, 10C and 10D. Especially in FIG 10D, two nore antennas are

requi reduirbaent N@rsttiohgl dfteARaPshoaiilss prgedhaenuslly méarrthe-bophidasy of the
| ocations than those in FIG 10A and FIG 10B. WO

2012/ O3RRADEE HreF2 thek @0@5&@ will be proBedsili bhagad téh thd Femirihd AinddveRRESes

to that for pre-existing directional antenna could be applied, which are
excl udj n%greﬁjél Ke'r poi nts covered by pre-existing omiantennas and

perforrr?iC based on the remai ni ng uncovered receiver points. These

two met hods, coul d achj.eve, di fferent antenna nunbers and | ocations in
di ffer%Fﬁ'%ﬁ“ﬁ"@c?m',d"ﬁer?g'%'@éta"&?"%i ch will be chosen according to the

different design criteria. i . .
If the number of the pre-existing antennas or fixed locations, X', is lager than the

initial number of antennas, K then the initial number will be set to K'. After the

antenna locations are derived frorh the above steps, the path loss between each of
them and each pre-existing antenna or assumed antenna at .each fixed location is
calculated. The antenna with the minimum path loss to the pre-existing antenna
location will be moved to this pre-existing or fixed location. If the pre-existing antennas
were installed préviously at the positions far away from the calculated locations, it is
possible that more antennas could be required to ensure the coverage performance, as
illustrated in FIGS. 10A, 10B, 10C and 10D. Especially in FIG. 10D, two more antennas

are required when there are three pre-existing antennas at non-optimal locations than

those in FIG. 10A and FIG. 10B.
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5. Antenna nunber mnimzation with RSSI and coverage requirenents

In 3G or networks beyond 3G nultiple services with different data rates
may be sWpPaPt2d36@nd each nay have a respective recei velPCIBG2IL1000320 es or
maxi mum pat h | oss requirenent. Regardl ess of technol ogies to enhance the
receiver performance, high receiver sensitivities for high-speed data rate
transm ssions can be guaranteed by hi Ii?SI val ues, .and, .l o RSSI
to | ess redBidditignie '§’os'§lﬂﬁbﬁchqséﬁg§%é ﬂt@érﬂfﬁ@&s"'ﬂerd"@cgﬁ()@l Shlenng”
interference level. In another word, high-speed data transm ssion wth high
tar getcdmzsmmepplmd:mlechrarenemdlm@rtetwers peists coueredi By ipserewisting| @WNi-ar get
RSSI . The procedure of antenna nunber mnimzation is |located at the

| ast sdrggnihds afd peFfIrmingd A-DANUbaed tre tife PéiNkinirsd ancoveredIrécei8er porws.di ng
to the final antenna |ocations, the effective RSSI of each receiver points

is calgud eﬁ%vm Tt E&ﬂé'a‘i‘:ﬁfév@%lﬁ&%nk aftdHaimbadeanPRE%tIGRS i aiffdrévet se,

and conpar e target RSSI. The coverage percentage is the ratio of

Eééfévﬁﬁue?ﬁhiﬁtte‘ai%?ﬁée RS Tspi Y bRE b et ST e,

increase and all steps will be repeated until the target coverage
percentage with the target RSSI is satisfied. In case too many |oops occur
due to nmany obstacles in the service area, the searching nmethod descri bed
in st dhAnteoma(urpber mipimizationswithR$Stiand coverage requiksMent® number i n
each | oop. Assuming that target RSSIs of -95 dBm WO

2012/ 036640RCGIS 3G BE 4RO Nd 85, - rdbltigEnsenviees ovithy diffeeentrdata matesi roay ded

hi gh- speed data needs at |least -80 dBm RSSI, FIG 11A and FIG 11B depi ct

that ofippotted aHY EARMaY Ravietsl vedetile Feddivr sensRivitéBrarandximura patinicysnas

for RSSI = -85 dBm when'the target coverage is 99% To cover 99% of the
area f 0 i of
50 aeenufigol RBIMAIES B teckPladit 1 bRt E IR oRE Rl pRFBn Rt Thioh e

requi renments Q% 99% and 99.5%. qgive r.i - ennas
O S o 20 R Pl 9%%6 e Yar3al§tpg dorinsiguatap@R sy AR
Automatic determ nation of antenna nunbers and (Jnocatl ons with, coexistence
of mulRPSkeplyase awl dowgle Realeads to legs,secgived, PONRS| 1@ gHRROM 38%39%

coul d have higher or |ower data rate requirenents than the whol e area
possi kdervicas 3G aigietreigerietencedsvelFir anadesvwed, highrepges dateplEansmissidbom
for the wireless video conference in the whol e coverage area for voice

t r ans nivists i HIGES .tafget BRBBI eleedsemotd fantaness trarelagapeat ytrarsnhissianedithnlosy
floor to be covered with data of 64kbps. One nore possible case is that
there thidROPeEn yard inside the indoor floor plan which is not necessary
to be covered. Mdre antennas are needed to support the high data rate in

SUERLCY nﬂ1 edBFe Pgntfehﬁﬁtnu?ﬁr?eef mmﬂﬂﬁ}’a%n id 8%a fe:?hﬁrthé‘@st HE5 forhd d

utilize fewer €nnas for volce coverage area an e open yar coverage
to save . the cost doo e e area I ave these sit

or der SUULON, OTPHR itﬂ érptpg%n H?;WBqu?:ﬂ)é f# @880@1”}9 i?etz]fe %lﬁgll'%ﬁe? ot e,

t his consideration may be |ncorporat ed into the A-DANL nget fB)d di sgyssed
above. lovatians; ke sifEctivy BSP eoheade Ragier RAiNtssisLaleHaed IRABMHEORSIfRNYg RsS|

is a dBmfor the whole area, ,u dBmfor Area 1 (wireless video conference
r oon) thedog-rdBmal dadeyr kady? I¢sSpend yrish), amdi compared withethe tanget t(RS$1. dhes,
WO 2012/ 036640PCT/ SG2011/ 000320 In Area 1, the density of placed

ant en'“tﬁﬁ/elré%érpéﬂ:etnlf@g’e ishiée riaflo iof eeedieer pulhshdwberwithdaryet RES| @iluebever
contrary, the antenna density is the least in Area 2. In the A-- DANL, the

boundaphes vith L’?ﬁsea%sﬁeﬁ SisP§ theTRVER, gf%dre"éfénr)éh{én‘t'?é nSOAGHISV&Y, Wﬁé'a‘méhﬁé" (p
- a) attenuation orbing the power from antennas to receiver points in
Area 1 Humber will increase and all steps will be repeated until the target coverage percentage
with the target RSSI is satisfied. In case too many loops occur due to many obstacles in
the service area, the searching method described in steps from (2.9) to (2.11) is applied

to update the antenna number in each loop. Assuming that target RSSIs of -95 dBm
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whi ch woul d "drag" the antennas closed to Area 1 by the processes in
Section 2. On the contrary, sone anplifiers, with the gain of (a - v) , are
assurmed tWoORe12436@ed al ong the Area 2 boundary and t he RCDARRO¥®DISEE woul d
pl ace few antennas to cover this area. For the purpose of determ ning
antenna | ocations automatically in the whole coverage area considering two

I nside areas, two fade margins are defined as the differen t

t ar getams$hs dpm @r@f%m'@egr pesMisRiPn Aad high-speed \Wsta pegds ai?ffﬁs? gﬁéﬂ%!“fz =
v- a, f2 <0< . Inthe steps of (2.2) and (2.5) in Section

pr edi cR88|,ddth 1MAsandaFIG.hel B depict/dat polyrtwe attennas auee@qylraadom%& z -9PL1(r)
and PL2(r) , A would be updated by f; and f2 respectively, neaning PLi(r) =

PLI (r)dB@ngndAbrée( anteAn&d- 26 R8J12= -85 dBm whirothb frgebcbVeBagéds 99%. AoDANL
met hod gives different antenna | ocations to guarantee the coverage of the

whol e &, \}:\)e? R diRePeh o g3t %8 gﬂn‘t‘s%lcﬁ'fse%uﬁ"’éﬁﬁ‘ dit GRnnkar &ret n&Rd for

Because the priority area wt he hi gher requirement in FIG 13B,

i g Speeh chabg A Slpdkie r'ééﬁﬁ%‘i\ Mﬁe@hﬁﬁ@ ?é’ 1oR % R Bleraoe, e

It fA—DANLb d | th high
F equi rEABIEMeRtH er’ Sofail Sa%h e o A 4 BBV T il

required RSSI is insufficient. FIG 14B_g| ves a floor plan in which there
i s a reptimal(locations) giveotthe &yed target BSGd -66wdBred. Consequently, only two
antennas are deployed to cover the remaining area.

6. Automatic determination of antenna numbers and locations with coexistence
of multi-service coverage areas
Inside the whole area, some areas could have higher or lower data rate
requirements than the whole area possibly in 3G wireless networks. For instance, there
is a specified room for the wireless video conference in the whole coverage area for
voice transmissions. Or a warehouse with voice coverage only is located in a floor to be
covered with data of 64kbps. One more possible case is that there is an open yard
inside the indoor floor plan which is not necessary to be covered. More antennas are
needed to support the high data rate in this meeting room for the first case; however,
the Other.two cases would utilize fewer antennas fbr voice coverage area and the open
yard coverage to save the cost. Outdoor coverage areas also have these situations. In
order to save the cost, antennas should be placed efficiently. Therefore, this
consideration may be incorporated into the A-DANL method discussed above. With the
99% coverage percentage, it is assumed that the target RSSI is o dBm for the whole

area, 1 dBm for Area 1 (wireless video conference room) and v dBm for Area 2 (Open

yard) andv <« < u, referring to FIG. 23.
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WO 2012/ 036640PCT/ SG2011/ 000320 If three coverage areas in the sane
floor plan are defined separately in FIG 24, v <a < ,u , the receiver

poi nts uswo 2012/036430NL are the summati on of those in thepthseroamuesnage
areas. And the sane nmethods as di scussed above are used to calculate the
best antenna | ocations. Because the separated areas woul d share antennas to
save the costs, the antennas coul d be outside of the coverage areas.,

In additi onintAreaht, tietdensitiafvalaced antenngsds inare thaetealciouhg ayeaMEeREr one
to determ ne antenna nunbers and | ocations with coexistence of

mul ti -Ges Vo ce<qgovenate esritrsry, e anteamiaadengityasetiei lnasthie Areza2win théiArhest
target RSSI requirenent at first. Afterwards, the area wwth the second

hi ah . . : I . . : _
Al FoadonPEadft BRbafEgr AREDL SUIERR, {ARNGR0%E R coRErtp i
These tHb AR LBHEIEB.PESADINGIYE BONPETEA! SRERRCHGHBBES PHC | BEIERohs i n
different situations, the best of which will be chosen according to the

di f f erehichdesulgrideag”tthei antenashubosedtto Ardat byi thatprocessiesant Sectwmantier s
and |l ocations with 3G data throughput and E/ 10 requirenents In 3G

syst enpe corila ,%omgﬁﬂérm@(baiﬁof (& -tihe apy as8@hed e beyplaesd Brghi p

on the pilot channel (PICH) while /0 is the total received power including

2o o2 ot LA TRESE OSBRSSO i 6

RxPower pfcH i s the receive ower. on pilot chapnel, a

d I8 : is.tre_d%/nlink
or t hog¥Ral Moy thecpeiroge. of determyjning rarierrp docations autemalisaily dmABg: Wholsn i s
t he receiver _
coverage area considering two inside areas, two fade margins are defined as the
difference between the target RSSIs of tvhe whole area and that of the two areas,

f=p-a and f,=v-a, f,<0<f. In the steps of (2.2) and (2.5) in Section 2, the

predicted path loss at the receiver points within Area 1 and Area 2, PL (r) and PL,(r),

would be updated by f, and f, respectively, meaning PL(r)=PL(r)+ f, and

PL,(r) = PL,(r) + f,.

According to FIG. 13, the A-DANL method gives different antenna locations to
guarantee the coverage of the whole area and the particular service areas with higher
target RSSIs. Because of the priority area with the higher RSSI requirement in FIG.
13B, one antenna is placed inside this area to provide higher power for high-speed data
transmissions, compared with FIG. 13A. FIG. 14A shows the results of A-DANL based
on a large area, (H area), with higher RSSI requirement than the whole area. One more
antenna is placed when the required RSSI is insufficient. FIG. 14B gives a floor plan in
which there is a room, (L area), not required to be covered. Consequently, only two

antennas are deployed to cover the remaining area.
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26 WO 2012/ 036640PCT/ S&011/ 000320 noi se power and /other is the
interference fromother cells in the dowmlink. |If assum ng the power on the
pi | ot chamoebi1dmwedsd% of the total transm ssion power, wechaceoRobseerp, cH =
0.1. RSSI . For exanple of WCDMA system on the basis of the Ecilo analysis
for multiple service in "3GPP Technical Specification 25.101", the requi red
Ec/10 for 12.2kbps (voice), 64kbps (data), 144kbps (data) and 384kb

(data) in dbiersovatags pgen in ém AameHioanalan %éefy)ecaﬁéoar@@lseHBFlG 72%5
-8.5dB and -5.1dB respectively. According to the required EA, for multiple
servi ces d a MEhbhecsiveiDdHAR00s ey it ABANL e itioe sLmedatRBEL {hosedBrihe wongled be
obt ai ned considering required Edlo (in dB) for nulti-service, the receiver

[ B I S|
Taui r g Bl TR A SaE Be (di%ﬁ@%f@ 08 b g6 e '9*%5“?5 3
t CDMVA t ech t h I £
Tt hER TR aRIOTRe BRI EPRYaIet eHery Bou 8B 3ﬁtgp%§§‘ P YEobi | e
remains, a = 1, wthout an?/ mul tipath ropagatl on. However,
i nevi tthelaosts dhe antenmepicod dc%ﬁn%!@@%@rtge(ﬁwﬁ'ﬁ?@eb%@ésst ation SI gnal s as
mul ti ple access interference due to the delay spread. The orthogonality

factor, a, lnsadditibm to [tife 4netBo® Akiavennl thispstdtioanherencamnd Det apother lope to
Supposing a is 0.8, the average interference fromother cells is -85dBm

mobi | egéteiimef AtehAairfunitsiis il Ideationd witei csexiastd wf insulti-béAdBemcdveriagen
UMIS systemwi th the chip rate of 3.84Mps, the receiver noise power, PN =

-174 + §§ 7&?1&8‘3‘%@ éég@gg@@kn ghe %g%%mohlﬁﬂespgﬁégﬂl?g@l In¥qliiémera bt fied, RSSI

are -8 m an t he
Afterwards, the area with the second highest target RSSI requirement is analyzed

considering the antennas already placed. The rest can be done with the same manner
till all coexistent multi-service areas are covered with the design requirement. These
two methods could achieve different antenna numbers and locations in different

situations, the best of which will be chosen according to the different design criteria.

7. Automatic determination of antenna numbers and locations with 3G data
through}put and E./l, requirements

In 3G systems, such as WCDMA and CDMA2000, E. is the average energy per
PN chip on the pilot channel (PICH) while /, is the fotal received power including signal,

noise and interference as measured at mobile antennas. E./l, can be calculated by

E /] = RxPowerp, (8)
© % (1-a)RSSI+P,+1

other

where RxPower,,, is the received power on pilot channel, a is the downlink

orthogonality factor (0.4 ~ 0.9) affected by multipath environments, Py is the receiver
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rates of 12.2kbps, 64kbps, 144kbps and 384kbps. U timtely, the A-DANL with
data t hroughput requirenents is converted to the A-DANL with specific RSSI
requi r enewn01 286562012/ 036640PCT/ SG2011/ 000320 for di ff eremtscdatiacesab es,

whi ch coul d be processed by the steps described in previous sections. To
achieve 99% data rate coverage, the A-DANL results including the required
ant enna nunbers and | ocations with path | oss, Echo and throughput

pr edi atdismpower Rnthg,, dds dhe interfeemeerfears rqtbebcelmnzthbppwmlmkk Hssawaing
384kbps are shown in FIG 15, FIG 16 and FIG 17. Qoviously, nore antenna

nunberig,a Svr)epsgwﬁ I‘féjn&@t Bh il anf:ﬁ%ab? fh%thbfa?”t‘réﬁsﬁnrsgronAlﬂoW@t'\@e

determ na ron o na nu ocations W th 4G data t hroughput and

W TR PgRer el b R o igh Ym0 SR petamo G Hests A5 e ™

technol ogies are applied, i.e., OFDVA, M MO antenna, HARQ adaptive

nmodul afriahysis e mdﬂlptér‘sdrhreedrat BG PP olgihmidal r&ypdifieationt 25.6014 Gheysiqeired
A-DANL will determ ne the required antenna nunbers and | ocations with the

consi dep@t 4,9n n fa)2NA4kBHE" ([datpnand f s&RbYshedatag! ihs.
Siml g?”f’ofotph?%f%ﬁk/y\n%{e @uﬁl?)fgwtgﬁr)oughpu? r(ggu?r enments, Utyr?e@gl%tg l

th t Qqt d

subcari kR EE fding: cHannp r%%%?vi%‘*so-ﬂaf% AN%a%t§%§§sp§“dB_
N R G e ek%%ﬁ%%%ﬁb@%%a@;)
SI NR per Subcarrier =SINR (dB) = RSSI perSubcarrier -10 (10 C{;I
+101" tGDMPARSO0PRYStesishethe( rqwl)edarlﬁﬁ%oﬁ@eéaeﬁt wyutdh@eseeam%ﬂ CONSIAETEecy

coul d be obtained referring to Shannon formul a,
required EJl, (in dB) for multi-service, the receiver noise power (in dBm) and

interference (in dBm) from other cells,

RSSI

required

0.1
=10log,, (101" +10/"'%) —101og,0[W+a —1) (9)

3G system using CDMA technique employs the orthogonal codes to separate users in
the dowrrlink, and the orthogonality in the received signal by the mobile remains, a =1,
without any multipath propagation. However, it is inevitable that the mobile can see part
of the baee station signals as multiple access interference due to the delay spread. The
orthogonality factor, a, is within [0.4, 0.9] in multipath environments typically. Supposing
a is 0.8, the average interference from other cells is -85dBm, mobile noise figtjre is 8dB
and thermal noise density is -174dBm/Hz in a UMTS system with the chip rate of

3.84Mcps, the receiver noise power, P, = -174 + 8 +10log,,(3840000) = -100 dBm, and

consequently the required RSSI are -86dBm, -80dBm, -79dBm and -76dBm for the data
rates of 12.2kbps, 64kbps, 144kbps and 384kbps. Ultimately, the A-DANL with data

throughput requirements is converted to the A-DANL with specific RSSI requirements
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WO 2012/ 036640PCT/ SG2011/000320 S =B ej -log 2 [1 + 1 O (S/ NRpers"bc,""
-S/INR If )/ I O where BWeff is the bandw dth efficiency factor, S/ NReff is
t he SI NRWOR0LVBSHeY factor (Mgensen P.; Wi Na; KovacsPCTBG201H08e20 | ksen
F.; Pokhariyal A.; Pefersen KA.; Kolding T.; Hugl K ; Kuusela M,"LTE
capacity conpared to the Shannon bound", |EEE VTC, 1234-1238, 2007), and

SINR per subcarrier is in dB. Accordin o the speci al ,efficienc M MO
f act orfofdifterent daBcates evhiplceuld Re RE9 %ﬁé‘?s}%}s ‘Eﬁ“@&ﬂf'%ﬁ%v'@&?

W MAX franme) X, the LTE subfrane |ength (or W MAXNVI Fi frame | ength) L, and
t he ccmicrtlohe%rérbeaehleees@%%aldata/eateemvetag@patheoﬁ PANLoresylts insludiegith@at a
t hroughput (bps), Rate, is calculated by Rate = m S N -x (1- b%( 12 )

wher e raquied dahenha AuAtbdrd and tibeafliddO witidepath losk, Frilo aadd 4ttoughpuite
downl i nk transmi ssion node is transnmt diversity. The requirenent

conver Hﬁtlf)ﬁé’%ﬁ?ttﬁe H&EQ?Q@OF@qLﬁ@n@% dre12.3KBsAr fAfbpsSamerIsakpps drg t he

rever process rom Eq 12) to Eq. (10). To achieve the required data
th dB
o Rac i B 15 P, FOANGI B3 GBYSERlY )8 BhiSTiRy pfbelg fPisldibd, 45T

i .
for higher data rate requirements.

8. Automatic determination of antenna numbers and locations with 4G data
throughput and SINR requirements

In 4G systems, such as LTE and WiMAX, as well as WiFi, much higher data
throughput can be supported owning to that some technologies are applied, i.e.,
OFDMA, MIMO antenna, HARQ, adaptive modulation, etc. Given the data throughput
requirement for 4G systems, A-DANL will determine the required antenna numbers and
locations with the consideration of receiver noise power and interference from other
cells. Similar to the A-DANL with 3G data throughput requirements, the data throughput
requirements will be converted to the individual RSSI per subcarrier requirements at
each receiver point for A-DANL process.

The received SINR per subcarrier (signal te interference and noise ratio) in the

LTE/WIMAX/WiFi downlink can be described as

RSSI erSubcarrier a5
= D22 pesibearrier o SINR (dB) = RSSI

perSubcarrier — P
N

SINR ~10-log,, (IOPN/IO +101,,,h¢.,/10)

perSubcarrier
other

(10)
and consequently the spectral efficiency could be obtained referring to Shannon

formula,
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RS S req _ perSubcarrier) SINR( 13 ) in A-DANL process. WO

2012/ 036640PCT/ SG2011/ 000320 For LTE systemw th the bandw dth of
20MHz, itwooruppased that BWet is 0.62, SINRet, is 1.5pcrhe26umoaesi er
nunber is 1200, M MO node is 2x2, synbol nunber per subfrane is 14, the

| ength of subfrane is 1ns, and the control/reference overhead occupy 15% of
the subframe. For W MAX system has the sane paraneters as LTE except that

t he subcarrier nunber is 2000, synbol nunber per fame is 48 and the length
of frame is 5nms, and b%is 19% In terns of these settings, the required

SI NR per sukcamyi-er hcud @tred sy Bk 0l1) - (13) for the data thr put
from 5Nops ?g—f’%%]@%ibrru{ E and WMAX are shown in FIG 18. High 83?2 rate
requi renents denmand hi gh SINR requirenment as shown. And the RSSI per
subcarrier requirement is affected by the interference per subcarrier from
other cells significantly, shown by FIG 19 and FIG 20. Wen the

i nt er f\QRERC BIRET isStHC BARHRIALE REfiGERES fAdtern SBRIBITS tthe -SINKO @fivieridye factgui r ed
RSSI per subcatrrier also is |owered from-66dBmto -75dBmin the LTE system

with 100Mops. In the WMAX with the sane peak data rate, th S| .
subcar(MegenseguPr.eW¥ait Naedvgsed-4 v cfsrfﬁgg SGBft 6OK %@@rh'&'lzg:r’gg&sa‘ﬂgﬁé"of
ADANL in the LTE systemw th the peak data throughput of 50Mops and ot her
syst enfolding Tndiuglikveikuageia d/.; hd Eceapatity icompared isthe sbansembappderEEE
requirenent is -75dBmby FIG 19A. Therefore, the determ ned antenna
nunbergTand 234ct38o rE007Yr ahdi SINRT pes ssibeanrier ds smardB. aAcadrdingoloutheospetialn i n
FIG 11D, which can be also for the A-DANL in the WMAX systemw th 55NMops

i f theeﬁﬁeibﬁ&g,emm fB8for SO @EDIE subtamedt Rehbee !N Ssyrmbol Bofber SemLTE |y,
to achli eve 99% coverage of LTE with 40Mops data rates and the interference

per su | er i \Q: t 1 ; q@@ ier
requi r%ﬁ%ﬁg#oﬂ@%@éﬁ?%&%?ﬁ?&%@%tﬁ%ﬁ%f%WW@W‘FImedr?% Secw on 7
and 8, the ,interferenc er subcarrier fromother cells e av

i nterflr @HgephﬁoPoﬁﬁr‘PVrﬁg'{gp%rs'% n?%‘?rh?ﬂdpQ%%ﬂaﬁg? A, &Swee aK ddta
interference fromother cells always shows nuch difference at different

r ecei viéroyghint §bpPoRateaiis caledaed byhe WO 2012/ 036640PCT/ SG2011/ 000320 RSSI
per subcarrier requirenments could be considered individually when the path
| oss at each receiver point is analyzed in Eq. (3) and (4). Let's assune
the RSSI per subcarrier requirenents at all receiver points,

| RSS/ " q_prSubcarrierilL egre caol culated by , Eg. (13) and antenna E[LZRP i's
QdBm | f theRﬁtﬁFmrﬁ'@éSE'ﬂerb bcarrier requirenent (12)

where m would be 1, 2 and 4 if the MIMO mode is 1x1, 2x2 and 4x4 if the downlink
transmission mode is transmit diversity.

The requirement conversion from data throQghput to RSSI per subcarrier is
performed by the reverse process from Eq. (12) to Eq. (10). To achieve the required

data throughput, Rate, the required special efficiency RSSI per subcarrier (dBm) is

Rate

RSS]MI perSubcarrier = 10-log,, |:1 _ 2BWajinm~N~X'(l—b%)/L :| +10-log,, (IOPN no 1010,,,‘,,./10)+ SINReﬁ. ( 13 )

in A-DANL process.
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anong

(14)

all receiver point is RSSI m" Reg _ perSubcaner for i=x, we have the
interference margin set, {A}[ = {A, A ...A |, whereAl RSS|
per subcarwoen12/03664R8SS | mi n Reg _ perSubcarrier Ax and PQ1/SGhenjooé320i n t he
step of (2.2) would be rewitten to, [PL(r,) + AJ2 = 1[PL(r + Aif r

For LTE system with the bandwidth of 20MHz, it is supposed that BW,, is 0.62,
SINR ;. is 1.5, the subcarrier number is 1200, MIMO mode is 2x2, symbol number per

subframe is 14, the length of subframe is 1ms, and the control/reference overhead
occupy 15% of the subframe. For WiMAX system has the same parameters as LTE
except that the subcarrier number is 2000, symbol number per fame is 48 and the
length of frame is 5ms, and b% is 19%. In terms of these settings, the required SINR
per subcarrier calculated by Eq. (11) ~ (13) for the data throughput from 5Mbps to
170Mbps in LTE and WIMAX are shown in FIG. 18. High data rate requirements
demand high SINR requirement as shown. And the RSSI per subcarrier requirement is
affected by the interference per subcarrier from other cells significantly, shown by FIG.
19 and FIG. 20. When the interference per subcarrier decreases from -85dBm to -
120dBm, the required RSSI per subcarrier also is lowered from -66dBm to ;75dBm in
the LTE system with 100Mbps. In the WiMAX with the same peak data rate, the RSSI
per subcarrier requirement decreases from -67.5dBm to -76dBm. For example of A-
DANL in the LTE system with the peak data throughput of 50Mbps and other systems
settings given above, we can derive its RSSI per subcarrier requirement is -75dBm by
FIG. 19A. Therefore, the determined antenna numbers and locations for this LTE
system are same as the solution shown in FIG. 11D, which can be also for the A-DANL
in the WiIMAX system with 55Mbps if the interference per subcarrier from other cells is -
85dBm. Similarly, to achieve 99% coverage of LTE with 40Mbps data rates and the
interference per subcarrier is -120dBm, the A-DANL results with the RSSI per
subcarrier requirement of -85dBm would be the solution in FIG. 11B.

In Section 7 and 8, the interference per subcarrier from other cells is the average
interference for all receiver points. In practice, the measured interference from other

cells always shows much difference at different receiver points. For this reason, the
30
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and Eq. (4) is updated to Pgrl,kA ,k k [PL(ri,k) + Ai,k] all t;Ecellk
PL(1k) + A" 1k [PL(ri,k) +A 1 all r,Ecellk PL(r ,k) A KkJ, 1714, x
WO 2012/036640 PCT/SG2011/000320

RSS! per subcarrier requirements could be considered individually when the path loss

at each receiver point is analyzed in Eq. (3) and (4). Let's assume the RSSI per

subcarrier requirements at all receiver points, {RSSIW serSubcarrier i }’ | are calculated by

i=

Eq. (13) and antenna EIRP is 0dBm. If the minimum RSS! per subcarrier requirement

among all receiver point is RSS! for i=x, we have the interference margin

min Req _ perSubcarrier

Set’ {A}xl=l = {Al ’ AZ 7""Ax ""AI } ’ Where Ai = RSSIperSubcnrrier,i - RSS]min Reg _perSubcarrier and
A_=0.Then, T, in the step of (2.2) would be rewritten to,
YO IPL(r)+AT
r;eR
and Eq. (4) is updated to
PL(r ) +A, PL(r,kyk)+A1k’k
ck,x = rl,x ) I, + r[A ok I,
> [PL(r,) ++A,,] > [PL(r, ) ++A,,]
all recell, all recell, ( 15 )
PL(r, . )+ A, PL(r,k,k)+A,k,k
Cry =hy" I + rI/py I, .
> [PL(r)++4,,] [PL(r;, ) ++A,]
all recell;, all riecell,

The PL(r) mentioned in Section 6 should be also replaced by PL(r)+A. Those

receiver points with high interference will be compensated by the interference margin

A.
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[puri,k)+Ai,k] all r,ecellk PL(r ,k) AITA k k [PL(ri,k) + + Ai,k] all
riecellk The PL(r) nmentioned in Section 6 should be al so replaced by PL(r)
+ A . Thowe exsbamer points with high interference w || pog/scaomenssat ed by
the interference margin A, WD 2012/ 036640PCT/ SG2011/ 000320 9. Automatic
determ nation of antenna nunbers and | ocations wth the requirenent of
network sharing Net work sharing is not newin the wreless business
to sav® tAataraatic determinatignowafh antenpai numberss and 19catians  wildy sther
managi ng existing and rolling out new networks, and overl appi ng coverage by
mul ti ptejuiremahbofnetwarkasdltaring end to share the infrastructure to increase
operational efficiency and focus on new technol ogi es or services.

Theref ore, NEwWBH tdhakifig A8 floR @S insthrr Wirblees Bifsfitaastovédve tief destemtith the
t echnol ogi es/frequency bands in a coverage area, A-DANL considers the

i 11 or 5056 0, ((BBNS SIS S BRRNoTBP Rarlitind Gridifglahd o out pew

t echnof' ogi es use I pl e opérators. er an area, the
technol oggy wit h hi gher frequenc and, i e. 1800MHz ho hi I th

| oos TRl Fhao iEnpyic SiEtade B Ruthisr weralts aereRts tenddd e fishe:
frequency band, i.e., 900MHz. Assum ng operator A using the frequency band
of 1800fRBtraciyreferiacwmass apefajonaoRfiEiencayqaeddpcean NEWOARENNAIGYIE] B
processed for the operator using the technology with | ower frequency band.
The anserwicasnuirbereforsB, ifi smsltipleedopenatapersitare  thes antannass twitle c diffarent.

Then, another round A-DANL for the operator A using higher frequency band

wi || bechasibglesrteduenchdatdbAhla oBidiade krssdA@ANDeoasiderstiee diffecente of
al ready, described in Section 4. As a result, the antennas with its nunber

o N S AU S, Mbans s o ed
operators.

To cover an area, the technology with higher frequency band, i.e., 1800MHz,
shows higher path loss referring to Eq. (1) and requires rﬁore antennas than that with
lower frequency band, i.e., 900MHz. Assuming operator A using the frequency band of
1800MHz and operator B using 900MHz frequency band, A-DANL should be processed
for the operator using the technology with lower frequency band. The antenna number,
N, is stored for operator B as its cost accounting. Then, another round A-DANL for the
operator A using higher frequency band will be performed by the A-DANL method
based oh the antennas placed already, described in Section 4. As a result, the
antennas with its number of Ng are shared by the two operators, and the additional
antennas placed in the second A-DANL round would be afforded by operator A.

The criteria to share the antennas is that A-DANL method for thé operator
requiring less antennas is processed firstly and the results in the first A-DANL round will
be considered as the pre-existing antennas in the second round of A-DANL for another
operator. Accordingly, if operator A and B are using the same frequency bands, but
different target RSSls, this criteria also works because higher target RSSI results in
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The criteria to share the antennas is that A-DANL net hod for the operator
requiring less antennas is processed firstly and the results in the first
A- DANL r oWOaQo1va3bedbe consi dered as the pre-existing ant @H&62011/000830 second
round of A-DANL for another operator. Accordingly, if operator A and B are
usi ng the sanme frequency bands, but different target RSSIs, this criteria
al so works because higher target RSS| _results in_ WO .

2012/ dyemmmmG@qwlmmlw\@e%rﬁ%ﬁlné%qweeqn?rﬂtegamm?eSﬁ‘t&R'/sF‘ Rygless
requi renent can be satisfied by | ess antennas. The nunber of A-DANL rounds
i s t heantanbas. diheoprmshar ©f ud-BANLechnadDgisedhe numier f ef aneratosguedieg
bands or different RSSI requirenents. FIG 21 illustrates a conputer
syst enfiedAfAdlogMistwitindifieferit e quehbpbands ot biferart RSS! requizemieats. may be

i npl enent ed. The conputer system 2100 includes a central processor

2102, a sysgen SEMRikratddh é‘Bﬁ’\g@térY§§§€th$O@,1%ht\Wﬁkhcﬂ\‘éph%&h(\!@é igfUpe

system conponents 1 ncluding the systemnenory 2104 to the central processor

52ﬁ&zQﬁggeﬁyiﬁ&%%?‘u@ﬁg%%ﬁnﬁ%gﬁte%ny of several types of bus structures

controller, a peripheral bus, and a | ocal

bus using any of a variety of bus architectures. The ucture of s em
menory 2104-”%/% CQRIPHIGE SYRIE™ 21 Qadﬂ‘é” 2 cegtral Professor lzs‘bhda ﬁxﬁt%m%ﬁﬁ‘i}ya

basi c i nput/output system (BIOS) stored in a read only nmenory (ROM and one
or mor21 G agd arsyeien) bus 2106 that Gouplesi Yafiosssystem caspponraits dnclBdngr iigs and
program data stored in random access nenory (RAM. The conput er

syst engy31éii mayoal 2004 tethedeerdral procgsgon2102it Fhé systenmbus 2406 rday besaryor
reading and witing data. In particular, the conputer system 2100 i ncl udes

a har dofdssferhntypelsase bed Mirtdes iheBMgbhemeRBRy Yousnbeniemnen2idhtroller, a
respectively coupling a hard disk drive 2112 and a renovabl e nenory drive

2114 t u ﬁ&?sr‘r@ 8“?5%% itd b4 NN de
nagnet‘?%%}%iﬁm rr \?;\géjaglggaop I c%{ﬁagﬁ glgf%ﬂéx%@} e {Cl}ﬁ\l}ggmgﬁn hei Fddw[léj
associ at ed . conput er-r able nedia, sugh as | ol e 1) e. Dy VD)
2116 p‘?%ﬂ%%mgg‘m%t ﬁg‘ 15 WRl Jerogen ﬁooﬁiﬁﬁee?ﬂuee%agg%@e aﬁné’?@tﬂh%fc')@@%a a
structures, program nodul es and other data for the co ter system 2100. A
si ngl ebade MrutoKtnyt system (BIOFtarediin @aﬁgﬁwm@o%%&)) a@ PECHI O
shown for illustration purposes only and with the understanding that the
conput Erogra® raod @ee 3661 (FROIPSBH0J 1SYStRIeS (appjisaten RICUamsyanthorelrans 6akd al
of such drives. Furthernore, the conputer system 2100 may i nclude drives
for i néterdcaini ragdwint dcaesbenermppe@Alil).conput er readabl e nedi a. The
conput er system 2100 may include additional interfaces for connecting

devi ces to pysiRmier 3ystem PhBo by SdIsvsnauddiy ebRély efmntédfadsiunitsSe)d

interface 2118 which may be used to couple a device to the system bus 2106.

An | EEE. 1394 i L\ A tpo th

compurdived, B i She BFR vt 2%, OF pIRLRE RE B A AR B A eRRg'® the
t Kk ' i | ogi cal ti. t .

Computad GFK bitpRrcaicIPE et & oGS Raanaby N a8, B e REiRY £3Befs na

conputer, a peer device or other common network node, a wrel ess teég%%hone

or wiralhasd @ek shivel 281 giand aasmavamie memery sliiyar ¢S 10 EYSIRIN RIS

network interface 2122 that couples systembus 2106 to a | ocal area network
(LAN) Pg2spleseofivenio valple memonynarives 21 &4 inclwda pragnetic rdigh firives and optical
enterprise-w de conputer networks and home conputer systens. A wi de
area ngikhadnives\VWAYhe dHeds amdt theirl Bésudigted canpalesoebdalde cmediad ducht s a

conputer system 2100, for exanple via a nodemunit connected to serial port
I nter f Bpfap Psatlle \Didc LR/ D1 26 4ftovide nonvolatile storage of computer readable
instructions, data structures, program modules and other data for the computer system

2100. A single hard disk drive 2112 and a single removable memory drive 2114 are

shown for illustration purposes only and with the understanding that the computer
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It will be appreciated that the network connections shown and described are
exenpl ary and ot her ways of establishing a comunications |ink between the
conput er swoani2nseased. The exi stence of any of various welrlsGzownos2o
protocols, such as TCP/IP, Franme Relay, Ethernet, FTP, HTTP and the Ilike,
is presuned, and the conputer system 2100 can be operated in a
client-server configuration to permt a user_to retrieve web pages froma
web- basystern e2108r magunelide msveral ffysush driveisouBubermarei BitaromeBtalr DREEPs can
be used to display and mani pul ate data on web pages. The operation of
t he comug eaydyduéendAlédior amtetfacingmittobthedtypesaf\canipeter rebdablefroediat
program nodul es. Exanpl es of program nodul es are routines, progranms, WO

2012/ 036640 /afafitdd DQBRP 2abbembay. ineRiMROAGHISNalaMefifded firr einatingt hat

perform particul ar taskS or inplenment particular abstract data types. The

present_.j.ovepti I e achi Lt I t;

confi g(iﬁ\)é(?‘?soﬂ)s S%’}ﬁgf éagnmang?%é?g %@&Y%\%sﬁm%ﬁ% |r Srggéqggé%r(ugﬁt@{rggace

m cr oprocessor-based or progra bl e cons r el ectraoni t BG4S,

i 1 OO BIEN Ay e dhed SoRBUPE S coyeraanar et i A B 4%

| i ke. Furthernore, the invention may al so be practiced in distribut
conputintegfased 126nmeyibe ugesite cosplesadditonsl deyicesdo Hie FRMBHIET SYBteER i1ﬁ§-
devices that are |inked through a communi cati ons network. In a distributed
conput i ng €Tivé rconmputer, systegn &h00odah esperate lie 4 cehvedkednepyranmetausingd
renote nenory storage devices. In addition to operating the steps of

the mabhRdl BAMECtidNZetd ORBUSIE IncT¥ Siepotd 1éimpatess torgsthes Idgvigesesatiesas a
report Specifying the antenna nunber and the antenna | ocations determ ned

by t hesﬁ%zlf? : Aroutdle a ARG K %%oﬁ%lid&mgr!téjfdéep@e\ﬂc&Q_FrBtHe‘?rcoh%Qﬁ friR®Rork

Simlar € cofrputer system cl'udes a user interface nodule for

recei ving network rel ated para S L.Z: t | ons
net vor o0k, K BlessBlePune TRk E Reletrid By bl i CofRURr P
orthogonality factor, an interference, a receivyer .5e power. a M MO node,
a subcBFIEER aRIEFK intersafis £ terel &ﬁﬁp'ﬁéﬁgﬁ?"aﬁasgq%ﬁmqoﬁ@rﬁﬁ? "dpork
subfrane/frame, an area or indoor floor plan, non-placenment areas, receiver
spaci ngAN)r 2424 dNetworkingtemirenmanisrare rcommonplacg) inheffiges .t eriefprisssyide

i nvention has been described in ternms of its preferred enbodi nents, those
ski | | esbrhputehaetwdrkwiantd Homee gompetdrisystene i nventi on can be i npl enent ed
with many nodifications and variations within the scope of the appended

clainms. W24/ L35 ER6K FERRY 14 RP032 hllrtemiat, can aRodsaTRoteysednipy énent ed
met hod for comuni cati on network design, the nmethod including: generating,
by a COURBLET sPERAESTES, foPeRhMpR Vih¥%a ModERFEHY BENMEIEH %o serial port interface
2126 or via the LAN 2124.
It will be appreciated that the network connections shown and described are
~exemplary and other ways of establishing a vcommunications link between the
computers can be used. The existence of any of various well-known protocols, such as
TCP/IP, Frame Relay, Ethernet, FTP, HTTP and the like, is presumed, and the
computer system 2100 can be operated in a client-server configuration to permit a user
to retrieve web pages from a web-based server. Furthermore, any of various
conventional web browsers can be used to display and manipulate data on web pages.
The operation of the computer system 2100 can be controlled by a variety of

different program modules. Examples of program modules are routines, programs,
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generating, by a conputer processor, a target received signal strength for
each receiver point of the plurality of receiver points;

det er m niwg,20tzp3864060Mput er processor, a predi cted nunbercofscantienizase based
on a size of the communications network and a coverage area of an antenna,
determ ning, by a conmputer processor, a location for each antenna of the
predi ct ed nunber of antennas; conparing, by a conputer processor, an
est i mnlkiectsecemponesisgmad dataesifuciuras: thed dierios@epaidiculgpitasksopr imelgmental i ty
of receiver points with the target received signal strength for the

r ecei vedartipglantbstract data ggres. aThe greserdunsadioprredy alsedbe pracicedf widimodmeras
based upon at | east one of the conparisons of target received signal

st r engdingindr 854t ARESSHJURSRIN thALAIRG hawidrvslgtdeviced; miitiltbbeskorasstetngg to

claim1l, wherein the communi cati ons network includes at | east one of a

SR I RY R AR ol BIBRLARINRE® caffSler WACHRMLOR RN SEEs

Mul ti prlne CCESS VI Sl 0on Access 2000 ( CDMA2000)’,

3GPP Long Term Evol utipn (LTE), Wreless Fidelity (W.Fi a dyy de
ot or GRETGASTPARE(P: ¢ GHA R e cre e e s PERAAL bl Aoe St oREH: th e

met hod_according to either claim1l or claim2, wherein the target received
si gnal Fthesmgre, | thegeipuentian] Payed@lgporbeat Prastised ot distiPyied; RAMRIAING
rate, an 36 WO 2012/ 036640PCT/ SG2011/ 000320 orthogonality factor, an

i nt er fanvdoomends wheeé tasksraregeerfiomed, byaremde prodessing slentcgsithal areulitiad a
subfranme/franme |l ength and a synbol nunber per subfrane/frane. 4. A nethod

accor dhpglighoa ddynmokicafionid Aef@ak ednng distabuted donigutiey émdionedaerd, program
determ ning that at | east one receiver point of the plurality of receiver

o bR o e OB B R e TP i it east one

In addition to operating the steps of the method above, the computer system
2100 advantageously generates a report specifying the antenna number and the
antenna locations determined by the method. The repo‘rt may then be output on a
computer interface.

Similarly, the computer system 2100 includes a user interface module for
receiving network related parameters such as a size of the communications network, a
coveragé area of an antenna, a minimum data rate, an orthogonality factor, an
interference, a receiver noise power, a MIMO mode, a subcarrier number, a
subframe/frame length and a symbol number pef subframe/frame, an area or indoor
floor plan, non-placement areas, receiver spacing, or any other suitable parameter.

Although the present invention has been described in terms of its preferred
embodiments, those skilled in the art will recogniZe that the inventioﬁ can be

implemented with many modifications and variations within the scope of the appended

claims.
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5. A nethod according to any one of the preceding clains, wherein the
plurality of receiver points are generated based at |east partly on an
accuracy wo 20i2mBed4nmi t ati on requirement. 6. A nethod aecwrsdzeog/obes2eny one
of the preceding clains, wherein the step of determ ning a |ocation for
each antenna of the predicted nunber of antennas includes:

determning an initial |location for each antenna based at |east partly on
an ant@hﬁ]ﬁﬁath | oss between the antennas; and updat ed, based upon
at least a receiver path | oss between at | east one receiver point and the
antennas, tAeohmuaér impléraenteaiahetinidefonaomniunidativet hetdosc desighnthet methad m 6,
wherein the receiver path |oss is determ ned based upon a path attenuation
bet wegRcipm@nt enna and the receiver point, including at |east one of a
free space path loss, a buildings loss, a wall penetration |oss, a

| ognor mal f i | i Dt

00351 03064 TG Y, & BimDDtdrProbeROf T BIuTRRg of ‘?Fge\{\%%or S 6 or claim7,
wherein the initjal |ocation for each antgnna is determ ne i ast
a random c&%@h‘?g’ bypa CRMRYIRLArALEEERdidh rgegt rgﬁ?wgﬂes@rﬁ]Cﬁ?g'}’ﬁﬂ@%%&&i& m
8, wherein the steps of determning a |location for each antenna, generating
an estﬁﬂ@&tvédppm@fgtﬁjp@rajlﬁapf RCEBRGPRIM®r each receiver point and conparing
the estinmated received signal strength for each receiver point with the
target recedetermiing)dly atcormpiter pooceasser,rz pe¢dietedpoiimber pé apterinasnbased
plurality of tinmes, wherein the determining a | ocation for each antenna is
per f orgmed ditsd 60thdi donerhanicationg hedwdrRiandra peverage afca obahanferinae plural ity
of tinmes. 10. A nethod according to any one of claim6 to claim9, wherein
the step of j atgine,- I L QS 4 St¥orl i AteAfa a6F the
obstacle w ﬁ?ﬂﬂy'ﬁs%e%?ﬁe d@tég ceé%%éq?hg er%ég%ﬁaforcglgﬁléati ng a distance

bet ween th bstacle.and t he antenna; and updating the antenna
Iocati%rﬁdgzg(gauﬂﬁgﬁofﬁgfje&ngsance bet ween the obstacle and the antenna.

comparing, by a computer processor, an estimated received signal strength for
each receiver point of the plurality of receiver points with the target received signal
strength for the receiver point;

generating a revised predicted number of antennas based upon at least one of
the comparisons of target received signal strength and estimated received signal

strength.

2. A fnethod according to claim 1, wherein thé communications network includes at
least one of a Global System for Mobile Communications (GSM), Wideband Code
Division Multiple Access (WCDMA), Code Division Multiple Access 2000 (CDMA2000),
3GPP Long Term Evolution (LTE), Wireless Fidelity (WiFi), and Worldwide

Interoperability for Microwave Access (WiMAX) network component.

3. A method according to either claim 1 or claim 2, wherein the target received
signal strength is generated based upon at least one of a minimum data rate, an
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11. A nmethod according to any one of claim6 to claim 10, wherein the step
of updating the antenna | ocations includes: identifying an antenna within a
non- pl acewenbizaseap and updating the antenna | ocati on bazegdcapanodhe

non- pl acenent area. 12. A nethod according to any one of the preceding
clainms, wherein the receiver points are generated equally spaced across the
network coverage area. WO 2012/ 036640PCT/ SG2011/000320 13. met hod

accor dirthpaopalityafantar, annisterferene® gpaesaieni soisespowem & MIMO mpdes et hod
according to any one of the preceding clains, wherein the receiver points
are graubeacisrmuentzerf a sabfrgmelfraraa dersgth @ndralsymbolpunalbernr per subfrania/frameand
second groups having at |least one of a differing target received signal
strength, and a differing target coverage. 15. A nethod according to any
one of the preceding clains, wherein the predicted nunber of antennas is

o 5620, iy hEESBIn 5SS 5 A0S AU Fieding o0 £ e

is met. 0 any one o e preceding clains, further

including generating,a . report, on a computer Qcess Y t he
report on ;%%mnmtqaﬁ@ﬁq%&net ?‘?’é’efvgﬁcﬂoﬂrﬁsggt@?f PW@%?%%&?Q&% "élfr??i gnna
nunber and antenna | ocations. 17. A system for communication network
desi greaveegediby agpreLXigeg ameendace nodul e for receiving network rel ated
par anet er s; a receiver point generation nodule, for generating a
plurality abmovirg theratpeastioneraseiveupoint from thasplukality effreceivenpeints.-k r el at ed
par anmet ers;
5. A method according to any one of the preceding claims, wherein the plurality of
receiver points are generated based at least partly on an accuracy or time-limitation

requirement.

6. A method according to any one of the preceding claims, wherein the step of
determining a location for each antenna of the predicted number of antennas includes:
determining an initial location for each antenna based at least partly on an
antenna'path loss between the antenna.s; and
updated, based upon at least a receiver path loss between at least one receiver

point and the antennas, the location for each antenna.

7. A method according to claim 6, wherein the receiver path loss is determined
based upon a path attenuation between the antenna and the receiver point, including at
least one of a free space path loss, a buildings loss, a wall penetration loss, a log-

normal fade margin and an interference margin.
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a target strength generation nodule, for generating a target received
signal strength for each receiver point of the plurality of receiver

poi nts; WO 2012/@8644nt enna predi cti on nodul e, for generaPChGaorees2et ed
nunber of antennas based the network rel ated paraneters; an ant enna
| ocation nodule, for determning a |ocation for each antenna of the

predi cted nunber of antennas; WO 2012/036640PCT/ SG2011/ ??&3%0 a

si gnal 8.st r efgnethedtaceerding taodrine 6 aroslaie feiaraly tie bilts ign ot &arbd
signal strength for each receiver point of the plurality of receiver

poi nt santeanads determined ysimglatleadt amrdom cbmmonenhas and the | ocation of
each antenna of the predicted nunber of antennas; a signal strength
conpari son nodul e, for conparing the estimted received signal strength for
each receiver point with the target received signal strength for the

recei ver pop ﬁcor’ainggoﬂ)t %ﬂ#{ W.‘é‘f%laif’rp%l ﬁ)oet il 81 MefdIf e Sepsnsr

IV§! ethod
pred| ction no uf e, ? e antenna ocati on nodu e, e Si gnal strengt

ti i dul e, d t i | , st t h ' I , - th
ant enrSCRIRBENS eetBe st oFeth An e canerafiid AL safrERRL EeRled, orb t e
determ ned and conpared until a predeterm ned criteria are, net. 8. @I
non- t r RGBT each (RGEIVE Raialhard FRAPERNE 408 rﬁt'ﬁﬁs‘?‘é(ﬁe‘fq{\é‘?‘%éwr‘@bﬁ%ﬁpg

executabl e instructions for performng the method of ana@one_of clains 1 to
16. 1fer eachweteiverapaipt dith dhe targetieceedvsignalistrength fosthe recaiversprinkarey a
first operator and a second operator, further including:

det er myévrfdrenedd plucditypot thep) whessnthe idetdrntihiagfa fadatiopdontach raatennze s
fewer antennas than the second operator; wherein the steps of: generating a

target pér?&rﬁhébGGsiﬁ'%%Péreﬁtt ihﬁi@ﬁééﬁ&rp%ar@ﬁféﬂews%hV&rth@@imblit?fof&ih%soI urality of

receiver points, determning a predicted nunber of antennas based on a size

of the communications network and a coverage area of an antenna,

10. A method according to any one of claim 6 to claim 9, wherein the step of
updating the antenna locations includes:

identifying an obstacle within a specified distance to the antenna;

calculating a distance between the obstacle and the antenna; and

updating the antenna location based upon the distance between the obstacle

and the antenna.

11. A method according to any one of claim 6 to claim 10, wherein the step of
updating the antenna locations includes:
identifying an antenna within a non-placement area; and

updating the antenna location based upon the non-placement area.

12. A method according to any one of the preceding claims, wherein the receiver

points are generated equally spaced across the network coverage area.
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WD 2012/ 036640PCT/ SG2011/ 000320 determ ning a | ocation for each antenna of
the predicted nunber of antennas, generating an estimated received signal
st rengt h Wor0washe4pecei ver point of the plurality of re®€TSE203H032E, based
upon the predicted nunber of antennas and the | ocation of each antenna of

t he predicted nunber of antennas, conparing, by a conputer processor, the
estimated recei ved signal strength for each receiver poi r]It with the target
recei vE3# siQmagthed aeaeiding o clawe 12eWarlRIn thry ShRCIBR %-B%r&??ﬁ M revised
predi cted nunber of antennas based upon at |east one of the conparisons of
target received signal strength and estinmated received signal strength

are perfornmed initially for the first operator, and subsequently for the

secondipper Ataethodngccording tot Sty beei sfethepprediedingdclaimbewhereiratheneasiver t he
first operator are pre-existing antennas to the second operator. 20.A

met hod, A4 @}ggged GhiB! 4R gradie Rl 8@ it Gl whRtah ThefiRg dritpseddirl

first ‘operator ulres fewer antennas than The second operator includes at

| ower SPCRBARISCARE N PR At (ahelREERE AR AR MO, .,

has a | ower target received signal strength for each receiver point. WO
2012/ OBERANOFFIa8€2011/ 000320 21. A met hod according to any one of the
precedi ng cl ai ns, wherein the antenna :

15. A method according to any one of the preceding claims, wherein the predicted
number of antennas is increased until a target received signal strength and coverage

requirement is met.

16. A method according to any one of the preceding claims, further including
generating a report, on a computer processor, and outputting the report on a computer

interface, the report specifying at least an antenna number and antenna locations.

17. A system for communication network design including:

a user interface module for receiving network related parameters;

a receiver point generation module, for geherating a plurality of receiver points
based upon at least one of the network related parameters;

a target strength generation module, for generating a target received signal
strength for each receiver point of the plurality of receiver points;

an antenna prediction module, for generating a predicted number of antennas
based the network related parameters;

an antenna location module, for determining a location for each antenna of the
predicted number of antennas;
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nunbers and | ocations are determ ned with coexi stence of nulti-service
coverage areas.

WO 2012/036640 PCT/SG2011/000320

a signal strength estimation module, for generating an estimated received signal
strength for each receiver point of the plurality of receiver points, based upon the
predicted number of antennas and the location of each antenna of the predicted
number of antennas;

a signal strength comparison module, for comparing the estimated received
signal strength for each receiver point with the target received signal strength for the
receiver point;

a control module, for controlling the an antenna prediction module, the antenna
location module, the signal strength estimation module, and the signal strength
comparison module such that the antenna numbers and locations are revised, and

signal strengths are determined and compared until a predetermined criteria are met.

18. A non-transitory computer readable medium having stored thereon computer

executable instructions for performing the method of any one of claims 1 to 16.

19. A method according to claim 4, wherein the network is shared by a first operator
and a second operator, further including:
determining, on a computer processor, that the first operator requires fewer
antennas than the second operator;
wherein the steps of:
generating a target received signal strength for each receiver pbint of the
plurality of receiver points, determining a predicted number of antennas
based on a size of the communications network and a coverage area of

an antenna,
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determining a location for each antenna of the predicted number of
antennas,
generating an estimated received signal strength for each receiver point
of the plurality of receiver points, based upon the predicted number of
antennas and the location of each antenna of the predicted number of
antennas,
comparing, by a computer processor, the estimated received signal
strength for each receiver point with the target received signal strength for
the receiver point and
generating a revised predicted number of antennas based upon at least
one of the comparisons of target received signal strength and estimated
received signal strength |

are performed initially for the first operator, and subsequently for the second

operator; and
the revised predicted number of antennas of the first operator are pre-existing

antennas to the second operator.

20. A method according to claim 19, wherein the step of determining that the first
operator requires fewer antennas than the second operator includes at least one of
determining that the first operator uses technology with a lower frequency band than
the second operator, and that the first operator has a lower target receiVed signal

strength for each receiver point.
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21. A method according to any one of the preceding claims, wherein the antenna
numbers and locations are determined with coexistence of multi-service coverage

areas.
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