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26 May 2004 s oeing concurrently tiled with the present application, having the same

inventor, and being incorporated herein by reference.

~A. Field Of The Invention

This application is related to wireless communications systems and more
particularly to improved means for managing neighbor-channel interference in :
channelized cellular systems.

B.  Background Art

In the art of wireless communications, considerations of spectral efficiency and
maximization of available channels generally dictate the use of a cellular arrangemernt of
such channels and the frequencies from which they are derived -- i.e., a service area is
partitioned into connected service domains known as cells. Within a particular cell, users
communicate via radio links with a base station serving that cell, that base station being
connected to base stations for other cells comprising a wireless communications network.

That wireless communications network will, in turn, ordinarily be connected with one or



2 nore wred networks. To communi cate using such a w rel ess 26eMayo2d04 each
user is assigned one of a discrete set of ghannels, A conventional regular
hexagonal cell | aypué of a wireless cellular comrunications systemis
shown in schdifei irtdrnetworksi Jor codmbAicAe L§ , icting the .
geogr aphical service area in terns of a hexag%%gmgar iwgleegésstsafmt‘ggrﬁfeseaﬁh user i1s
georetric paffugred onetofpetisirete streftphansdles to be assigned in a patterned
di sposition all ov‘\éi&ng the reuse of those frequencies in a controlled
repeat abl e .r egul ar> agonginnenal regdlk. heheogal | car e chehave specific
channel setspgssi gneagiﬁto t hen? Each chanﬁgel set c%ﬁ?sgg % p\vHEEFﬁt{}elé'Flaf
i ndi vi dual t FEREHMECAAQTS rsysteinv és shovn inh adtRelaficl HirmUSRE M Al pith cell
area. In th‘edgﬁggg&;aom in Eggre 1, cells marked "'A"-ngﬁeljgcg'- usg‘lS lée}qlgwm
and all use C geaeraphicakb tservidee amanin itdmdst UE af QExAe@nS 64 C .
marked "B", "C' etc., each of which has its own assi gne%ggﬁaﬁﬁceilgée@s}lﬁ%&
cel | is radi 8t¥ECIHS eatteantbatnpermitst Soquensiesi tat bel askiphed PaS aﬁxﬁﬁé& Aspolfll ]
base station_sl mau ,b@ﬁi nterconnected with each other and/or W th other
net wor ks. An? 19“”%5 JEhe BE thesadrequencies fimta chmrdbied agpaaible h@%ﬂaﬁ&ssﬁ%ﬁnen
cells depicted ingﬁi g | represents a__draw ng convention. Such a hexagona
cel | represehpdeh Jhe rell ares pachrhave spenifie deannict Sm@e&ﬁmmﬁigaehlbﬁérﬁéh%e
uc

that is the j . _power coverage.area for a cell. However, use of s
circul ar sha%og'ggm\ﬁg&\llﬁuﬁaﬁ%?{/@gw dppemitand aeceavedradivkehannels ¢ g Withinh@ie
served area nal shaped cell convention, on the

ot her hand, ﬁéﬂﬁ&g“m% . Erﬁonﬁéﬂ%@@%?%@%gem srigarked SAV ianecaussr ceH ahe all use
i Scussed mure PefRed S8 THEwBR & Bheliaec-sser csbiameke (RO bebe ach of
Communi cat | onmeh i b Ah'atGted AR 81 Ve hon- 1 xed channel assi gnment s

within a cell. 26EMacef0R%adiated by an antenna system associated with a base station, which

base stations may be interconnected with each other and/or with other networks. An

1/

. It shouh.i be understood that the hexagonal shape of the cells depicted in Fig. I represents a
d;awmg convennon.. Such a hexagonal cell representation has been chosen because it approaches a
cu'cula.l: shape that is the ideal power coverage area for a cell. However, use of such circular shapes
would involve overlapped areas and make a drawing of the served area unclear. With the hexa 011);]
shal?ed cel.l convention, on the other hand, the plurality of cells representing a service area cagn be
depicted with 0o gap and no overlap between cells. '

2/ . :
Of course, as discussed more fully below, flexible channel assignment methodologies, which represent

a relatively recent development in the wireless co icati i i
_ . mmunications art, will generally involv -
channel assignments within a cell. : ’ © nontixed



3 Omi-directional radiation pattern is depicted by antenna260ayzabh4a
directional antenna pattern, representing,sectorization of cells into
smal | er wedge type service areas, is représented by antenna 102. It is
vel | known tdrahi-diretivhsiotadasiivd Gatefn Keidd, ni cations systens is the
concept of frequency reuse. Wﬁ\ frequeér?(&:ﬂ;g‘%r Eﬁ%@”%&%@ﬁi @H%fhrﬁ@mt antenna

geogr aphi cal pattent atepgsasntir(edsédi-Afbn C& | il t aneousl y use the sane
frequency channel, as dedpgidct ed by gom‘rgﬁrsyﬂﬁéns;"ta B1WIgE N YRF (hgrdce arens, is

regul ar chanoplesased bpakehna WU | € frequency reuse can substantially
I ncrease spectral efficiency of a system serious interference can occur

bet ween cell s i nvitliy el kndvie thae HTRAIAISS hannel. in the
absence of proper system design. Freéuenggétr%#l}ggﬁgagg%wm@m&?éyﬁ'é’ﬁér*%tlthSI

i npl ement ed cohcapgot trequentyptéuss. With StétRlefcy Ybse, iR ﬂ_len éj%f%r\é}l%%ﬁco' DR
sery.

cell's and fgr p.arti‘(tdiﬁoni ng the RF spectrum into channe Rgfaphical
assi gnnent apatioas h@siferem bells)r mag! simultassiukivedsd he egories: fixed
o s{%epg@e ¥s'f’lbar?§‘°{’ as

and flexible [See, M Benveniste, "Self Configurable

f or t hcomi ngldepitedebly commaly asmegelnin Figues 1tfbﬁrég%!a@téh%%gia?s@&h\éﬁﬁ?[‘uﬁﬁ# s
C

and the channels serving them Only the channels allocated to~a ce

serve cal | s [fequengy reuse| can anbstamiaty cineroasd spadtrdlCefficRbcy | gFUh ! slLy..
all the cells to which the channel is assigned. An exan%l e of%l?é%g’dlsgnggs

channel assi“&ﬁ?féﬁ?ﬂcﬁr gan' pesyn betwees ialin ivohediig tikeesmmontiise B e GRAY @hftl 7ed
by equal | y-ﬁi}fz'd, re%ul arly-spaced cells. Regular channel assignnent Ts
optimal for CReERLprepersydemidesignst ri buted uniformy across cells. Wen
the traffic distrjbution is not uniform an optinmal fixed "non-regular”
channel al | ocat i OR°TRACHEFUSS @Fagnments Areagdnstallycimpléraented shroagle €ld &option of
accordi ng tg}lgf rieir tf?af.fic. pad. [A process for achieving such an opti nal
‘non-regul ar >4y Sdules oo identifying peryser; selly argk fote parsitioning AheaR Bt specangh into
Met hod for %Eﬁ% %arC annel .Assignnent in Wreless Conmmrunication

Net wor ks". U'% ag ht _egaﬁ}g{ug? t ]approaches can be broadly classified into two

categories: fixed and flexible [See, M. Benveniste, "Self Configurable Wireless Systems",

Jorthcoming). Fixed channel assignment fixes the relationship between cells and the

channels serving them. Only the channels allocated to a cell can serve calls in that cell,

and each channel can be used simultaneously by all the cells to which the channel is

assigned. An example of fixed channel assignment is "regular” channei assignment,

which is characterized by equally-sized, regularly-spaced cells. Regular channel
| assignment is optimal for a system with traffic distributed uniformly across cells.

When the traffic distribution is not uniform, an Aoptimal fixed "non-regular"
channel allocation can be found, which allocates channels to cells according to tﬁeir
traffic load. [A process for achieving such an optimal non-regular allocation is described
in M. Benveniste, "Apparatus and Method for Non-Regular Channel Assignmént in

Wireless Communication Networks", U.S. Patent No. 5,404,574.]



26 May 2004 4 Flexible channel assignment methods exploit t[R2eMamgodl ity
of a systemfor renote, software-driven, retuning of the base station
radi os, which capability enables channel capacity to adapt to traffic
variation. The cl Blexitié dhaend]bhsignhraneheBSE t hodal ogi es_incl udes
adaptive and dynam c channel assignnment mtﬁoggﬁgnweﬁwﬁﬁ& 2t F&tqhofor
adapt i ve- dynigmote,cyvdiweze-daisen, greRitg hBaBe bite BEAYENI LorSelf ..

; G SRUE TeabS bR capabiity Guablesy

Configurable Wrel ess Systens”, id]. It is also wel

of communi cathaoneli capatitye ke adars \ts tteiffic vELRENE TS hal: n the ratio of
the received signal to interference (S/1). The Lkg?%sﬁ‘iﬁf}é%‘h‘ﬁée@@fgr%@gamw

concern conshsthedelbgiestnadodgsamiaptite arbSaaiR Ehark .
nei ghbor - channel interference. Jg:o-channel [ ntglheafn%‘tlgprisrglfe |§P§1ﬁg{$ﬁ‘t%ael?3é]?ﬁ‘é
from comurfcdh¢ omweowrdopsve-dpeohit o chiimeb 2aRighhRAY S [F¢, af1 t HRnoRaLAtL If
channel . Nei ghbor - channel interference conmes from conmuni ¢atlon Sour ced
usi ng channé?@ﬁ%’é@bleﬂﬁeelwé‘yatemsd, idhannel in the frequency spectrum Wen
the interfering neighbor channel is adjacent to the operating channel in
the spectrum t helttiralsonmelckmown thatneile quatitye rof eoaifignit&idHe R Fabdidks gﬁ]mgo
achieve the desired voice or data transm ssion quality, the ratio of the
recei ved si E?n%vg#bsf%aﬂbrﬁﬁ Hedratie- ofidhmetceived sighghtooimedferen® (S1). The
interference nust be above a specified threshold. The need to avoid "using
nei ghbor chZRRATE IHFTRIEACH O eqncerepnisistsaf] tobmmpuonients: meharpebinterference and
wel | -recogni zed, In conventignal channel assignnment in anal og AMPS systens,
wher e t hr ee "EHAPGE-chanaek “interfprence cCarshannel minterfetenest eiss thé  htarirtmce tH6m

spaci ng of els (630 kHz), between channel s serving the sane cell --
as illustr at% ae'%"%@ﬁ%‘zgpl ﬁg'ﬂ'}?es ﬁHﬂg‘getet \gfq Zémep dfequeneyofas Fthpuropeiting  khsnrivden
more than a 3 nder. negligi ble any interference from nei ghbor
channel s. F;ﬂfe %Eygic!:l%f‘[{ey lﬂgﬁ?ﬁeageoﬁ‘gnﬁseﬁpg‘, ‘Y?f{m%ugméﬂw Sewrses using chamiels hear
assi gnnent ' : sectors,,f the sane,cell, or to
ot gr e tHe GpticARE EhmRA Ghe Hehlerc) HEGHRAS When'the ine ering neighbor channel
is adjacent to the operating channel in the spectrum, the term adjacent-channel

interference is generally used. To achieve the desired voice or data transmission quality,
the ratio of the received signal over theé combined co-channel and neighbor-cilannel
. interference must be above a specified threshold.

The need to avoid using neighbor channels within a cell and in neighbor cells ha.;
been well-recognized. In conventional channel assignment in analog AMPS systems,
where three-sector cells re-use the spectrum in clusters of 7 cells, the spacing of. 21
channels (630 kHz) between channels serving the same cell -~ as illustrated generally by
the sectorized pattern of Figure-?. - has been'more than adequate to render negligible any
interference from neighbor channels. For physically contiguous .ceils, it is sufﬁcient to
avoid the assignment of adjacent channel sets to sectors of the same cell, or to sectors in

such contiguous cells which would be contiguous to the sector under consideration. As



such contiguous cells which would be contiguous to the sect oR26Wale2004
consideration. As 26 May 2004 5 can be segn in Figure 2, such a channel
assignment exists for the three-sector re-use group of size 7. As |ess

conventi onal : ' roaches, |ike.flexiple or non-regul ar
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radi o net wopdlestuatelyif at all-Kilnpawisukes hpior tprtmER ofeTghbol-98dine RintGeSkn @D dnk!
Panzer, "St ratdeg_i es for Handover and Dynam c Channel Allocation in
M cr o- Cel | uli&rdeRyBlipe ofskanselspacmgsrequirtmants, IBE Bobedrisizistett th¥ @badll impact on

Conf erence, ;May 1989; 0 .C _ Cox and D. O Reudink, "Dynanc Chanrllel
Assi gnment 1 %5 979[55‘?30?(‘51 G- argel st ablebily ¢ lislma dietecoBysinemmivns Bistems,

tcal I | . . 7 .1611- 1629, Septenber 1972;
2 T ool S5 i 58 R iRk faaop o e
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3 Examples of such prior approaches appear in the following references: N. Bambos and G.J.

Pottie, "On power control in high capacity radio networks", Third WINLAB Workshop, pp. 239-247,
1992; R. Beck and H. Panzer, "Strategies for Handover and Dynamic Channel Allocation in
Micro-Cellular Mobile Radio Systems", Proc. IEEE Vehicular Technol. Conference, May 1989; D.C.
Cox and D.O. Reudink, "Dynamic Channel Assignment in Two-Dimensional Large-Scale Mobile Radio
Systems", Bell System Technical Journal, Vol. 51, No. 7, pp.1611-1629, September 1972; S.M.
Elnoubi, R. Singh, and S.C. Gupta, "A new frequency channel assignment algorithm in high
communication systems", [EEE Trans. Veh. Technol., Vol. 31, No. 3, August 1982; G.J, Foschini and
Z. Miljanic, "A simple distributed autonomous power control algorithm and its convergence", /EEE
Trans. Veh. Technol., November 1993; H. Jiang and S.S. Rappaport, "CBWL: A new channel
assignment and sharing method for cellular communication systems”, /EEE Veh. Technol. Conference,
May 1993; T.J. Kahwa and N.D. Georganas,"A hybrid channel assignment scheme in large-scale,
cellular-structured mobile communication systems”, JEEE Trans. Commun., Vol. 26, No. 4, April 1978;
S. Nanda and D.J. Goodman, "Dynamic Resource Acquisition: Distributed Carrier Atlocation for
TDMA Cellular Systems”, Third Generation Wireless Information Networks, 8. Nanda and D.J.
Goodman (eds), pp. 99-124, Kluwer Academic Publishers, Boston, 1992; R. J. Pennotti, Channel
Assignment in Cellular Mobile Communication Systems, Ph.D. Dissertation, Polytechnic [nstitute of New
York, 1976; J. Zander, "Transmitter power control for co-channel interference management in cellular
systems", Fourth WINLAB Workshop, pp. 241-247, 1993.
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S/ requi r eABHEST feawensy pecsaim iseparatiorobettvetm charmiets, tlisel8sdng aNstedtef &
interferencg is- the sumof two ternms (co-channel plus nei ghbor-channel
interfer encgaf ,co-ehamngl inferferenced e Aotassaraevuse rdisthnce isNhiug hllowed N aid ehe system
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26 May 2004 7 Summary OF The Invention This invention, in at 26est2004
preferred enbodi nent, provides novel nethodol ogies for managi ng nei ghbor
channel interference in a cellular wreless comunications systemas a
function of a service-quality factor for a conmuni cati ons channel within
such a system The novel nethodol ogi es for managi ng nei ghbor - channel
interference which are disclosed herein, each of which represents an
enbodi ment of the invention, include: Mxed Power Control -- for overconing
i nt er f er enceXipnnlace i Hushvientie with. conventional power control nethods;
Directed Assignnment -- for reduci ng nei ghbor-channel conflicts between

nei ghboring cel | sThis imventionnigess ldastna prefietrdéd enbodiameelt, WrowideFawai nietdddldgies
with Directed Assignnent -- for reducing nei ghbor-channel interference

bet ween nei dhbomanaging neighbbn chamml daterfersricehint hecdllulat vasbest coahmuhations
invention, there is provided a nethod of managing interference in a

Wi rel ess corfiysightag 4 dinstionofiarsertiesrqnalityefactardonneasnmpaidativns mhdnielt within
plurality of cells, wherein a second plurality of communications channels
are avai | abls8cha systersc Ahe mevehmethadelepiesfargnanaging neighbor-cliramak iderfaretce
by: causing each of said avai| able channels to be assigned a | abel

cor r espondi ﬁ@blpbaf%ﬁjﬂéd@ﬁe(hlﬁefﬁlélast two nmutual ly disjoint categories, whereby
no two adjacent chanpels are labelled with a sane category; causing each
sai d cell t&aa%QfW%@@s%%%%W@@ﬁme%@W&Mu 5si gni ng channel s

to users in each ppidd POIbr CBn&ON-URE Dvefotihd iﬁt@r@fb%é @gﬁmﬁ a‘géocﬁ&éﬁrwith
control wherein high power users ar aalsg)l gned”to | ow nunber channel's I'n
VE'B?Q H‘h‘ﬁertqsmﬁpgm ABer channels in said second

A

said first | abel
| abel | ed cel | s.

- Directed Assignment -- for reducing neighbor-channel conflicts between
neighboring cells in non-congestion conditions; and

Mixed Power Control with Directed Assignment - for reducing neighbor-channel
interference between neighboring cells.

In accordance with the first aspect of the invention, there is provided a method
of managing interference in a wireless communications network having service areas
partitioned into a plurality of cells, wherein a second plurality of communications
channels are available for allocation among said cells, said method characterized by:

causing each of said available channels to be assigned a label corresponding to
one of at least two mutually disjoint categories, whereby no two adjacent channels are
labelled with a same category;

causing each said cell to use channels assigned a common label; and

assigning channels to users in each said cell in conjunction with an application
of power control wherein high power users are assigned to low-number channels in

said first labelled cells and to high-number channels in said second labelled cells.



26 May 2004 7a In accordance with the second aspect of the i2gwesyt 2092,
there is provided a nethod of managing interference in a wireless
comuni cati ons network having service areas partitioned into a plurality
of cells, wherein a second plurality of conmunications channels are
avai l abl e for allocation anong said cells, said nethod conprising the step
of : applying power control transm ssions to and fromnobile units served by
a central transm ssion site subject to tH&a foll owi ng constraints: for

transm ssions froma central. transmssion site to a nobile unit ("down-
link") said powell @ferdance iy the sgcend wspecti¢f tshinventians tharedatpavisiedonad

di al dj f id. |t . SSi ite: .and f )
Tt hnsm ssi ofR it Bf ik sRe iEleidion ol AT Miretes? HedmiioiGilions  Retpork having)
d . h - | : ¢ ¢ hi
fg:ji aFO\élvie;t anciedeoﬁéce}?n Isai gbgéei%? irlg?/ af‘ ?g&r{glrlr&s)? Fo‘genéimt‘gger\%\glgr%elg%dggcﬁmg%l a of

radi al di st epmeinicatzinerolianaels e asvailgblacioi %M@c@liblﬁ@ﬁﬁmgadaﬁ@ cellgwrid atethod
interference. Brief Description O The Drawings Fig. 1 depicts a schematic
di agram of eompgsmgrthestep afayout for a wireless cellular communi cations

system Fig. 2 depi,cts a sectorjz cell arrange based.on a re-use
factor of 7. Fi g&_q?glyg:}gogngﬁ CBP%BE%P%%FHQ%W’Q&?’%] %‘F’g@? dtisi seregd By a
wirel ess ce lei_gﬁﬁ]{ | L i cal interconnections
anong such Jé‘%ﬂe&rfagnlrtrtagg I . %%%%Ctzxi%ﬁga&a%%&%%ﬁ%@gram of a data
processi ng syst eforf @insnciesioho | frorfda chAtrals frhffiRBionOkité 36 OnfdbRNeh$ (“Qown-
various cells of a wireless cellular comunications systemusing a

f1 exi bl e chbnlRgl said pogrermontrobih eppliadypnly as to mobile units located beyond a radial

distance from said central transmission site; and

for transmissions from a mobile unit to a central transmission site (“up-link”)
sald power control is applied only as to mobile units located within a radial distance
from said central transmission site;

wherein each said radial distance is determined so as to achieve an acceptable

level of interference.

Brief Description Of The Drawings

Fig. 1 depicts a schematic diagram of a regular cell layout for a wireless cellular
communications system.

Fig. 2 depicts a sectorized cell arrangement based on a re-use factor of 7.

Fig. 3 shows in block diagram form the major elements of a wireless cellular
communications system and the typical interconnections among such elements.

Fig. 4 shows a schematic block diagram of a data processing system for
controlling the assignment of radio channels to various cells of a wireless cellular
communications system using a flexible channel assignment methodology.

Fig. 5 illustrates schematically a single cell including its base station, with a
served subscriber station and a potentially interfering subscriber station juxtaposed at
various positions relative to each other and to the base station.



Fig. S5illustrates schematically a single cell including its2b34y 2004ti on,
wth a served subscriber station and a potentially interfering subscriber
station juxtaposed at various positions relative to each other and to the
base station. 26 I\léaya%glclm 8 Fig. 6 illustrates schematically two

nei ghboring cel | sfig wsitiates sschexraetisil gt twa neig B AM a cri ber
station and gaPligty h¥d | NbeL Sk gqq Zub.s riber sdtga{:{nosh eéﬁﬂp%gg% %H’pwn'
vari ous positfions r ol ati ve 10 each S6ti8r A%hd pefentally, ifecfening isubecribei gtation
provi des a gheAnosed atdepious positiods fetativait eabhunkeand 8 HiedbasP aliys, Of  t he
invention. Fig. 8 depicts an exanple of the Directed Assignment nethodol ogy
of the inventi onFi£i7g. 9.%%pi cts,a ﬂ(& i.nterference region in neighboring
cells. Fig. 10 depift’sPEN'¥ppt EraRhiah depictipr ofthe mixeshpewanoontall pilich of the
Directed Asgivgntiemt met hodol ogy of the invention. . Fig. 11 depicts an N
of 8 ommi-directional cell layout. Fig. 12 shows the probability of

adj acent channel f a ned 1,on ~of ower, control range for the
M xed Power ﬁ%‘x}ntﬁ F@'%tﬁbgﬁﬁg‘gtg}( I‘Ei‘%ﬁm%nﬁ“ﬁ?ﬁhéaﬁgwﬁ%fﬂqﬂmo qBYent e
The di scussion folTowing will be presented partly in terns of algorithns
and synbolic representations of operations on data within a conputer
system As w || bEig. 0ridpicts £06 intérigs i R8s iRt i ons and
representations areg a rrgans or di nari%ﬁhg@géﬁﬂg‘gﬁﬁ%ﬁé‘l‘?gﬂ% led in the

syst ens engi.neeriF% g@ts to convey the substance of their work to others
skilled in the artis AL depistsapenpplication gdntheaMiyed Hovedr gGontesimWitly DResegn

as a sel f - coRdsigrimeeht nebiodNesy of the ifRatibgadi ng to a desired result. These
steps general ly invol ve manipul ati ons '

. Fig. 11 depicts an N of 8 omni-directional cell layout.

Fig. 12 shows the probability of adjacent channel interference as a function of
power control range for the Mixed Power Control With Directed Assignment
methodology of the invention.

Detailed Descripti

The discussion following will be presented partly in terms of algorithms and
symbolic représentations of operations oﬂ data within a computer system. As will be
understood, these algorithmic descriptions and representations are a means ordinarily
used by those skilled in the systems engineering arts to convey the substance of their
work to others skilled in the art.

As used herein (and generally) an algorithm may be seen as a self-contained
sequence of steps leading to a desired result. These steps generally involve manipulations

of physical quantities. Usually, though not necessarily, these quantities take the form of
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of physical quantities. Usually, though not necessarily, the&eMay2004

takg %/he for% of 26 May 2004 9 electrical jor magnetic signals capable of
bei ng stored, transferred, conbined, conpared and otherw se mani pul at ed.

For conveni eheérical of @Ameie Signds MBhble 3T Hei LOTRAr§ With common usage,

these signals will bieba?escr i llgggt fér%@m Fi rrebefr}rg f‘gﬁ’?, ErQZ%fFTift C@lr_nbﬂef/dz}cov?oiamw,
I ts, @tlserwd: _ , _

ghgmeg Ee Sgghasi zed ?%g%pg{aﬁ%dseﬁ{arn g%@%}’%rc?{ éﬁ??ﬁn%ﬁaést%elbés’af@wmmmm

i th the appommidradsag®nied al L i - ch terms being merely
\(,:Monveni ent pfafgf S ap%l i ed e%?;ligggp%gnsgﬁtbf%giﬁk??ig? gmq‘?ggﬁﬁzﬁmiﬁﬁh@m
i || ust r atleweenesyhaehibomt , e , 5. ,
22n{)rigisnrgai ndi vi dual foncei onal bﬁffsm?ﬁﬁgrua‘#rng‘efhﬁ&%Mﬂeyw@ﬁf be
| abel ed  asethphasissisbasthyse aHassidhiBClehAS &ettg%é%é%&?ag%f‘gf}ﬁ o physical

provi ded through the use of either shared or

i ncl udi ng, GQuantities - émhttafhstlﬁin@@&@[@é@&ﬁféﬁpjﬁ%@p@@é&%&@ so{itti %g; e. For

exanpl e, some or all of the functions of the

presented in Fi giipeslafity efidxplanAlnyveh lilhastratibe e;hggmgnghflﬁﬁeaglﬁ%%ﬁgﬁ‘é% jon is

Figure 4. nmay be provided by one or nore processors, inc

processor s. pPreigueds ¢dmepriting mdividoﬂéhﬁardhaﬁb@té@%iﬂ&ﬁdiﬁg fﬁ:ﬁ@@h&ff@ﬁf%&gﬁ&%ﬁr

exclusively to hardware capabl e of executing software:

mbodi ment s3SeRFoRasEs’)s e fnotiorscthesedslociaiepresehitdhiyibe PRI RS
(eDSI(;)I har d%%suiﬁﬁ as the AT&T DSP16 or DSP32C, read-only rrermr‘%ﬁerﬁgtg@f

for storin halased o desieatedyhandwars dnchtding.siud neclimsed t&ﬁia?d%zar@%%;ﬂﬁ@%?m
access nemg‘i%Fét?Am {or storing results. Very large scale integration

(VLSI) har FentFor e_éamw_eﬂt, soms q::giﬂts ?Tgwg?cém Ofithy/ "G't)lgiptivggp/kmé“, on
el | ular oy ARG HSE PERENAT IR Flaees) bk Achiclhns e "EommusrProdspins ofigure o
gg: : g swi trﬁ@ Bd p%&%g& %y(o'\x/lgcgr’ m%z%zpr%ggssgg? inc?tgdeings gmd (;)?chc]:iscc:r;.n%Use if the
term “processor” should not be construed to refer exclusively to hardware capable of
ekecuting soﬁWare.)
Illustrative embodiments may comprise microprbcessor and/or digital signal
processor (DSP) hardware, such as the AT&T DSP16 or DSP32C, read-only memory
(ROM) for storing software performing the operations discussed below, and random
access memory (RAM) for 'storing results. Very large scale integration (V LSI) hardware
embodiments, as well as custom VLSI circuity in combination with a general purpose
DSP circuit, may also be provided. |
A typical cellular system is shown in the block diagram of Figure 3. A plurality of
mobile switching cénters (MSC), 202 and 203, are shown connecting the mobile
radiotelephone system to the public switched telephone network 201 (PSTN). The

switching of the MSCs interconnects a plurality of base stations (BS) 210 each providing



radi ot el ephone systemto the public swtched tel ephone network NEYI200RSTN) .
The switching of the MSCs interconnects a glurality of base stations (BS)
210 each providing 26 May 2004 10 service to a cell coverage area. Each

coverage areservgesttoancels ddawiape 4rk4 eg I aries i cal ~.of an_actual
system Each BS has radio trangm' t/rec%@go‘éggé%%ﬁﬁ lsar?bg atf &@Y‘ﬁg uregular

antennas to beundariembyipieal bash ecthsl n Lthi:n.its cell  coverage

area. An ope'rmaition anéJII managenent S??E@égg%@g)h%%@ga%%ﬁ‘fﬁ%"t?“fec?%%n%@ld

202 and 203raltingrantennas fResetveSysbgd ' [ﬁfsfb ir. associ ated BSs

210. OMC 220 is a central ceont rol staggjie%?\ép\!xﬁ[?ec |,ﬂ%Pﬁ'&é§%§t°§vﬁr@%é§e§i ng

and i nput for acCérmtdpegatiﬂmt&dimage&éﬁrﬂenféf‘t@\/ﬁ%)gﬁ%Pﬁ\ﬂ‘pge%g}agletl\gggé 203 ang
|

control. In 51@;, case of flexible channel assignrent,
ar r angenment tooeontrol thelresysiem bpephtedteaid their GhaRengld | N
conmbi nation wit hbrermt g;mg/l tunabl e radi o transcei versBF%gg@m 5%%55 hegntral
For such a f¢osoblstatiohanminch indsdgndma rovesing and ikpudShf abd nodi me of
data processi ng@ggui prment included in the forﬂ cont rg{:)‘}ex)lﬁﬁg t empuptﬁ-om
assi gnnent A Somgecarsk real titieccontrohriacbe ¢adeSoffledibR BSfind gﬂiﬁ\% | Mhi
schematic bl ock diagramformin Figure 4. A Conputer Pr oéclzas?gl r %qﬂlastsdaofa
st ored progrRiAfISAEBuaRENgemeah may dmi atitidedViimoimplechdnting! bhgnrl og{&g}.ﬁgx s i
i nclude instructions for performng the assignnent of radi o channel's tto 3
cel lul ar sy<PBHINgtnwith remgsely winable raslis tramdceiverstibenedit th@gsknput functi on
312 to the Co'rrpu#er PJr:\OC ssor 310. Inputs include: the available cells,
avai | abl e radi o fi¥qi¥eR& Bexiblegghanneltassigamentceast ndmilhmtraive embudinient iof e
formof a c%lr%to-cel |, i nterf?re ce matri x which defines the interference
|

to each cel e FAPPmSOE i |in the, DM for eqnitodlingtheumisignsat &1 tuning of
constraints for th esi red channel assignnent and traffic usage
patterns. ngkﬁgngfaégé%}'erﬁ at f.t@% 5 thosmis) schematis blogk disgramdormgn Figure 4. A

channel asgt i1l b rfornmed, b rput er Processor 310
accordi ng t O%j t ﬁe &I PQCQ.%S?%IWhas a S%OIpES program chud%ngg an associated Mernory 311,

This program may include instructions for performing the assignment of radio channels

to a cellular system. [nitial input data is supplied through the Input function 312 to the
Computer Processor 310. Inputs include: the available cells, available radio frequencies,
and interference information, usually in the form of a cell-to-cell interference matrix
which defines the interference to each cell from every other cell. Further inputs include
system constraints necessary for the desired channel assignment and traffic usage
patterns. |
To implement a flexible channel assignment methédology, the channel
assignment process will be performed by Computer Processor 310 according to the
instructions contained in Memory 311. The resulting channel assignments may be output
via the Qutput function 313 to the MSC 315, from which they may be forwarded to the
BSs 321. The individual tunable radios 322 included in the BSs may then be tuned to the



instructions contained in Menory 311. The resul ting channel asddaygoedats nay
be output via the Qutput function 313 to e MSC 315, fromwhich they may
be forwarded to the BSs 321. The individual tunable radios 322 included in

he BS oper Beqi ' 4 1 rgper. frequencies in
;cgordsw'rr% I{’hg ass?I g@nﬁne&gtlh%‘&%d%ghcwﬁéﬁ%sgg%m t%ff’i?ﬁﬁ’eaha&yﬁksrféetemswghmm

rocess. |. d¢bighmet pdodygntion A. Gene The nethodol ogy for the invention
ﬁerei nis presented Fn a plurality of enbodinents, each directed to a
novel method for managi ng nei ghbor channel interference toward the

achi evenent of an overall S/I ratio goal. As will be apparent from the

eci fic di gcussi t.hos mbodj ments, each enbodi nent may be
isﬁpl enent ed'sl(':i nde%ﬁ@@ﬂlﬂ%lﬁﬁﬂlﬁw are al so capabl e of being inplenented
i n conbination wigh r nmore other enbodiments, as well as with
enbodi nents of the r@%ﬂ& ogi es disclosed in the cross-referenced
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nei ghbor - chamivpbndentl®] bt Q0§ %Rre Bis8a atﬁgi«))k lbUiﬁh r%&;fegnegngd ﬂﬁgflfq%gﬁlﬁétlgggm“& .é}%se

station B; while in Figure 6, two neig ring-c

Dot pemens ety AR USRI ) R o el
the base st utthertass-referermed comphigh applicafisns.he
The levet of interference contributed by neighbor channel transmitters depends on
the position of the subscriber units (generally, mobile or portable) relative to their base
station(s), the level of power control exercised, and the direction of cqmmﬁnication - i.e.,
whether transmission occurs from the base station to the subscriber unit (referred to
herein as "down link"), or from the subscriber unit to the base station (referred to herein
as "ﬁp link"). Figures 5 and 6 illustrate exemplary configurations for consideration of the
impact of neighbor-channel interference. Figure 5 illustrates a single cell with base
station B, while in Figure 6, two neighboring cells are illustrated, with base stations B,
and B;. In both figures, subscriber stations i and J are shown juxtaposed in various
configurations relative to one another and to the base station(s). In all configurations the
designatioﬁ i indicates the serving subscriber unit, and the designation ; indicates the

subscriber unit operating on the nearest channel in the frequency spectrum, referred to as

the neighbor channel. In the configurations of Figure 6, serving subscriber unit i is



designation i indicates the serving subscriber unit, and the2degyqRuagi on j
i ndicates the subscriber unit operating op,the nearest channel in the
frequency SpeCtet;;J[T breferred to as the neighbor channel. In the

confi gur at i osesvest byFbgperseatfon Beind Mg | 4.0 j.s.26 May ,2Q04 12
served by base station B, and nei gh wgﬁg%r%ﬁu&sgg Es’%ﬂr%@rlslfﬁfvtegjbyﬁ?s%éﬁa\?@d
by base statBpn B2. As an illustrative case, consider that all calls are
served with equal power -- i.e., no power control. Accordingly, down link

nei ghbor - channel Astaariflasteative cakd, lcolsidec@aPA ML ' € oSAIE3 .
illustrated in Figure 5 since all calls are serillsgﬁeev%ieﬁlﬁdt J@lgﬂ‘r‘é POS&heT L.,

The up |ink meippwsor carttmhnelAdcoidiidler €068, [1ARWEMBEborWi e di kferent .in

the three cases iIlI_us;éat ed in Figure 5. Becausgﬁoofrwg%g%égl ‘"g%f%eé?{t?&i he
di stance i nctosapazeblpén akkehre casesiilusirated in Eigiré § GRICK AL call ' rengt h
received from subscriber unit i in Fi guremgl{a) S stcraoggreeﬁé uewﬁ%ﬂ?e[game

proxinity tPaWRs ddewipriinkusightorahimme) intbderehds howe e G4l BY dSEER: n
subscri ber unit Hence up-1ink neighbor-channel int erfergrqgg& ormtﬂtrlf%{;hre'3

confi gur at i G5 ‘JI“I-US%@% ayFigyre b eBedanse bfsignalfdtghtaionoR cﬁ§taEéé3MEFea§e(s®et\§:F§n
received serving, signal is conparable to the interfering signal since e
two subscri FEARSTSrand receives, hasignabistngticeectivednfione sutRsbdr bt OR-Fifhrad hy -
in the conf i.gur.at i on of Figure 5(c), up-link neighbor-channel interferentce
i s hi gh becduSHORERE (FHE &0 8 mragmitbiocthelservingibase statibmjsthan tthe inth@erdns Signal
station than the st%arv.'hnrg subscri lifr unit. |f power control is used to
reduce the 3 r SOISCRAPT Y dser Hegoe hupdiake neighbooohannkle interfresricended this
nei ghbor - ch Lnterf.erence.changes. These changes can be illustrated by
agai n consi ggﬁﬁh@e&ﬁﬂ‘é “Hﬁrl?ﬁ'}jg]rl&’gfeog% thet configuration ofrftignres (b thendeogived adrving
power is adj t ualize the received serving signals. Then,
up-1ink nei JS‘F%%FQC 03‘%{?2 le ?%ﬁgr‘f‘{ﬁéﬁe% Sb%'ef $ngre thedmeasubseriber wnith laret thesame
configurati gngaRk QU e e t.he, signal received fromall subscriber
units is the sarr%,E?‘%gghr%d?ae;ésﬁgﬁl&bo@fﬂ%n“‘o S ﬁ%“ffﬂﬂf?mn of Figure 5(c), up-link
neighbor-channel interference is high because the interfering subscriber unit is closer to
the base station than the serving subscriber unit.

If power control is used to reduce the power of calls closer to the base station, the
experienced neighbor-channel interference changes. These changes can be illustrated by
again considering the configurations of Figure 5 and now assuming that power is adjusted
SO as to equalize the received serving signals. Then, up-link neighbor-channel
interference would be comparable in ail three configurations of Figure 5 because the
signal received from all subscriber units is the same, regardless of position of the unit
relative to the base station. On the other hand, down-link neighbor-channel interference
will be different for each of the three configurations. Power control causes down-link

neighbor-channel interference to increase in Figure 5(a) since the power of the interfering

signal is higher than that of the serving signal. Power control does not alter down-link



relative to the base station. On the other hand, down-l|ink nesgsdyacoghannel
interference wll be different for each of ,the three configurations. Power
control causes down-link neighbor-channel “i'nterference to increase in

Figure 5(a) géi f12nR [ rin signal is _higher than that
b othe o, nglggig%ﬂr-\al nR @B erfredcdin 16 S0AFHIon 51 Pl siRce Bothethie 200ved

13 nei ghbor asha#iaBbor-¢Hahd] L 0 confid.quration of Figure 5(b),
since both the sergge% and ﬁ%‘?gﬁgglr‘-cttg;%ﬁee “%dﬂr‘g%‘“é&f%&%‘?ﬁs%?a&% owever, in
equi di st ant {HeodOrifip@rdRncosS | i .1.he configyration of Figure
5(c), power control Wil caﬁ%yﬁg%’wq\ﬁ%ﬁ%d&nﬁﬂB‘ﬂb-céﬂsacnaﬁwgﬂ\ﬂit’&*E@%ﬁb@nﬂd
decrease. Thisferfééndcead deCrefREN] ol. j eneral ly beneficial in
the wup-link di rec?i on, bILIt cg‘rllwg’%\é%%n?gg{ﬁ%b?%gﬁ%&Hé)éése@y“ﬁ@?@ﬁl?%ﬁ@ﬁhm@e :
i nterferenceupMiak dikS€6n, Butl 8 SN s ' Q.1 h 0 the neighhori ng
cells case sh%v\l/\]n in Figure 6, and c%erglgl:eglégilmgg&#{i?{s%fghtlbﬁgcg%ﬁif frBFFEQF’i“E‘FanTen ,
Fi gure 6(a),usedlis did dewn-dink directidd,| experi ence nei ghbor - channel

interference on both the down Iink (due to the conpeting signal from base

station B2) and Imhehe/melghbloribgUgeilsOcdsBes i i gnal  f ubscti be
station j). As.will readigl y b-eg seen fror%ﬁ)?ﬁiéﬁ% irg res,g’ glécrlrpéét)?'gfgf%’é‘ng fitsP he
nei ghbor - chagoméfiguratioar fofr Biguee vé(h), bebserba’ vapced Rk i
Figure 6(b) and on the up |ink i(n) Figure 6(c), burﬂ?heeﬁﬂr%gf‘g%\é@eiéclﬁgﬁﬁgmd
i nt er f er encentgrfererise onduith gieldosvrolink {ineup the Empelinkistinal B Bas@ 8GR 4 Nnd
down link in Figure 6(c). In the conpanion cross-referenced case 2=
desi gnat ed dke w%erﬂv@uesuoethe coBipeting 8ignD K6f) subBtrilbdr btatRinah] A Wil SedtBlyebe
devel oped-anong .channel. separati on (between a serving channel and an

i nt er f eri ng SAET fiod thechgwas| compasahle veighbomchahneltinenytdncé il o Spefiencddon
for interferdlnﬂchaln els.and the S/1 ratio. Those rel ationships were then
‘applied for NSHOM iRk inFigyre (b and o8 theuprlink dmFigime 66)pbutcthe ineighbor-ciguelep P
two tables rel real i zed S/I,  rati o and channel ‘separation for

e ' th
various | evéI@%IS#erﬁgﬁﬁ’ﬂ r bt Aegligibleren the pdisknin Figure 6(b) and on the down link in
Figure 6(c).

In the companion cross-referenced case designated as M. Benveniste-7 (S/N
08/580570) certain relationships were dgveloped among channel separation (between a
serving channel and an interfering neighbor channel), received signal strengrh for serving
and for ix;teffering channels and the S/ ratio. Those relationships were then applied for
an illustrative wireless communications application to develop two tablt;,s relating the
realized S/1 ratio and channel separation for various levels of comparative signal strength
between a serving and an interfering signal. Those tables, which provide a useful
reference for the interference management methods described hereafter, are reproduced
below and can be characterized as follows:

Table 1 provides a trade-off between the S/1 ratio realized by a served subscriber,

T, and channel spacing, w, based on a design co-channel S/1 threshold of 18 dB.



between a serving and an interfering signal. Those tables, Wasmymgwi de a
useful reference for the interference mapagement nethods describe - tapl
hereafter, are reproduced below and can H& characterized as fol l ows: Table

: i ealized by a served
Cubseri bor, o T - o b ENTRL ol Bl reBies Ot Bt chocres Pis o goko pmetulShlls
su : , p W -
! the first columm
et 0 2, BBt M, S e 1,
represen : - i e realized S/1 ratio (in
08 Tor o served LopnrE) R s B abie: Yot GulSEn! Saka o6 wratis ghaignal
or a ) . . ‘ ;

. - - experi enced
by the | subscr | barordhetin dBh bt g i find R SEViI Spil P of verienetinby the
by the subscriber. Simlar y: Cchannel S/1 ratio. Te. needed to achi eve a
SR ovar oFT Spubsbfibgiesi gn - co- ¢ de-of f between Tc and w for dB(T)
target overall S/I ratio, T -- i.e. a trade-o o E 0919992840
equal to 18 dB. _SBﬁﬂ'e&le TeBleng rovi@bi‘gfof“é{ﬁ%ilw q}%@fiél schlng AN W, 42 design
L17.9817.9317. 7917. 3616. 2314. 466. 660. 90- /7. 02- 19.

18. 0018. 0018. 001&0-0RknAcD A 18817, iRddel bl dciiéAt { ia)'get overall S/1 ratio, T -- ie. a
18. 0018. 0018. 0018. 0018. 0018. 0017.9917.9717. 7915. ‘ ‘
trade-off between T, and w for dB(T) equal to 18 dB.

dB(T) = 18

mnnel ‘ dB(P)
cing ,
4

20 -15 -10 -5 0 4 14 20 28 40
t 1798 | 17.93 | 1719 | 17.36 | 1623 | 1446 | 6.66 090 | -7.02 | -19.01
2 18.00 | 18.00 | 18.00 | 18.00 | 17.99 | 17.98 | 1779 1721 | 14.46 4.78
! 18.00 | 18.00 | 18.00 | 18.00 18.00 | 18.00 | 1799 | 17.97 | 17.79 | 15.47
} 18.00 | 18.00 | 18.00 | 18.00 | 18.00 | 18.00 | 18.00 1800 | 17.98 | 17.67
: 18.00 | 18.00-| 18.00 | 18.00 | 18.00 | 18.00 | 18.00 18.00 | 18.00 | 17.94

TABLE 1. Trade-off between channel spacing and S/1 ratio dB(T)
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18.0018 18 18 00000 ... 18.0018.0018.0018.0017.98

18.0018. 00. 18. 0018. 0018. 0018. 0018. 0018. 001?. 021&9423/85L5516825r?d§- ?E;f N
t ween channel spacing and S/I ratio dB(¥ 2 y =

ibgi \rAIS dB(P) w - 20P15- 10- 50414202840 1 18.0218.0718.2218. 7521. 03NANANANANA 2

18.0018.0018. 0018. 0018. 0118. 0218. 2218. 97NANA 3

18. 0018. 0@+8=0018-0018 0018 0018.0118.0318.2224.76 4

dB(T) = 18

mnel dB(P)
icing
w

20 | 15 | 0 | -5 0 4 14 20 28 40
1 1802 | 1807 | 1822 | 1875 | 203 | Na | Na NA | Na NA
2 1800 | 1800 | 1800 | 1800 | 1801 | 1802 | 1822 | 1897 | Na | wa
3 1800 | 1800 | 1800 ) 18.00 | 18.00 | 18.00 | 1801 | 18.03 | 1822 | 2496
i 1800 | 1800 | 1800 | 1800 | 18.00 | 1800 | 18.00 | 18.00 | 18.02 | 1896
5 (1800 | 1800 | 18.00 | 18.00 | 18.00 | 18.00 | 1800 | 18.00 18.00 | 18.06

TABLE 2. Trade-off between channel spacing and co-channel S/T ratio dB(T)

As noted earlier, in the case of no power control being applied and both subscriber
uhits i and j being served by the same base station (i.e., the configuration of Figure 5), the
down-link interfering and sefving signals will be comparable, because of the equal power
with which each 51gnal is transmitted from the base station. Thus, the ratio of the
mterfenng signal to the serving signal, P, is equal to 1 and dB(P) is equal to 0. As will be
seen from Table 1, if adjacent channel use were allowed, the S/I ratio would drop to
16.23 dB, which represents 67 per cent of the target value of 63.1 (18 dB). Setting
channel spacing w equal to 2 is sufficient to reclaim most of the S/ drop caused by

neighbor-channel interference -- an S/1 ratio increase from 16.23 to 17.99 dB.
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18. 0018. 0018. 0018. 0018. 0018. 0018. 0018. 001860018. 06 TABLE 2. Trade-of f
bet ween channel spacing and co-channel SR ratio dB(T,) As noted earlier, in

the case of no poMecompurtiilel cdaditis BRI n - subscriber, units i and
j being served by the same base stati on ‘(a'iﬂ“’@ gﬂ}tggllép%-owl SgtiPBE i oAt o fepdube

5), the dowhffienk baset etafiend DUtHRNEEGRE ViBEr «S: W LL be conparabl e,
because of ';bhe equgll power W th whi CE euag%r?dse?gﬂﬁmtlsl}{\gsnﬁra%rﬁ n¢hyindere
base stati orbetWermsthetthve ceblsj egafdléshaf thebesikih| i 10 the .servin
signal, P, ia equal to 1 and gg{P) i's eqtt?al“tgg dgghisl&\eﬁ%rllﬁ%@ubsggé‘?f ‘F’F‘Bﬁq as
Table 1, if ibufteterhin Kipaes 6(a)uneé 6is! Sickdvepas /| .r.af ko.would drop to
16. 23 dB, which represents 67 perw(?ent of thes%%%$%llgéh&heﬁ§Wiy?rfgpm.
the "

Setting chanteefbriggdesengatiore By ahant Rom itS servinki tas€ Hatibf A €5 aj S
S/'1 drop caused by neighbor-channel int erfleréence 2l gr?‘S% ﬁlra ?%ailﬂ?r'@a{%ee

from 16. 23 661 1hed rddo witl B6 levyha004arl GBIMBRBHRS GRBsH - en
subscriber units i and j are served by difg!e)rent bgsegstaf ?@ngﬁjhﬁﬁéﬁ of

serving sub8€iergichamel use ors theeSil ratiods tassriy? iRMANEAE0A JAPH WERE oFDS dPW‘?able
cells, regardless of the position of the interfering subscriber unit’j,  as
i 11 ust rat ed lishopisghatebe scaliped S B(ib)will e 36 dBj ivhichOeprdshfts 86MHek cknf §F the
further avva\ﬂ/ f.romtge interfering base station B2 than fromits serving

base stati oH®BN cahapne) Stk wtiefil§ dB.gioredB(BY ejual tthel PdBaki1g, 79 4B VErRSS
than 1, and@%ﬂP beconmes negative. Thus the inpact of adjacent channel

use on the 1zgd, whych Zepreseats 93 per; ¢ent f the designacarBifamnel Sl uatiafl AlterstEvely,

Table 1 shg_\é\g that the realﬁiélzedégll ﬁ-{ati owll be 17.36 dB, which
represents pEP e RPURfeRrRe agdas giglusoreatiaethdy thel SAamtio iffnelghtoB.chintel
dB(P) equal; : dB,.a.17. 79 dB S/ | tiois realized, which represents
95 per cent lr%%ﬁr%]gcedgslf[ﬂﬁe‘i& grP&ﬁ ERt %tf&'er%tb!‘e%%‘éhﬁml phisyneightior<hammelbe
characteriz e yal alized by. the S/ ratio i.f neighbor-channel
interfer encgﬁ%rg&?éér%i e otkgn@?’pé‘r v@%t%o? AL Beo e farowhichnadircamt-gbannel
nei ghbor - chgydidrence becomes acceptable. That defined value is designated herein as P, and in the

exemplary case described is equal to -10 dB. ,

Considering the trade-off between w and T, in Table 2, for the case of dB(P) = 0,
it can be seen that increasing the channel spacing from 1 to 2 would allow one to plan for
a co-channel S/1 ratio of 18.01 dB, instead of 21.03 dB. Additionally, it will be seen that,

if the spacing were increased above 2, one would gain little in terms of the co-channel

interference bound and, hence, in terms of capacity.



interference. Accordingly, a value of P may be defined for wigdmy 2004
adj acent -channel interference becones acdeptable. That defined value is
designated herein as Pa and in the exenplary case described is equal to

-10 dB. Consi derikg thBgol e wand T ., in Table 2, for the,
case of dB(P) = 0, itggaﬁragcgﬁ%gg%% ﬁ\gg‘gp?\e&sz]ﬂgmﬁamtﬂ?é”eéﬁaﬂﬁﬁ%hOﬂsﬁbaéjioﬁ-gl Finbm

1 to 2 woul dxatdrbateoti® fnfbaRl 81 nki &Hafl |, .S/l ratio of 18. 01 dB,
i nstead of 21.03 dB. Adfg&tionap%lgﬁb?lfc%ﬁqnggpfgggﬁe't %ﬁs}der ithe pariculss cpsry of

ot erfor ence bouna ana Roninedh (8 dhur ik &t T iehab gt obaaresriben

i nterference bound and, hence, in terns o

power cont r ainjts @kker irf. I @Es bagnp Lrol. on the down |ink
exacer bates the inpact of nei ghbor-c gﬁ@f’a*ﬂﬁ‘{fﬁé gg’%@%&'“&ﬂ’ﬁ&é’t“?%“ the

particul ar ecigalsoferviapehe eRpisubicribel NFitd P! he. dawn, Link Lo reduce
the signal strength o?ﬂsubscrsi ber uniltgé1 ceo‘ggrrspfg#e Cﬁgfshwge%gﬁee?"‘#*%ﬂlt]é?

be equal tosignel strfihgrsubs@itch uRRWEE rddREME IR | SgLyving the.
fwo subscriber units. The worst case OGCUFS a&hng%ll)%,@d&ﬁ;%\g%}@@% %uﬁécnl%ﬁ?d’r‘?éﬁf

serving subsperalesrat nriximiimi gowee Jascie dllisstRsdd! ihal NG -
subscriber unit j operat espbat maxi num pomr,mggbﬁg??ﬁﬁép?g@yg(}g‘t haeble 1
confi gur at i 8kows thait,gewea th¢agh thEaddsipnl co-cheme] $Mahtio &V ER 4B W ealitEd ?ﬁslia%%
co-channel S/I ratio is 18 dB, the realized S/|I ratio becones negative
when down- | PrtempRsmegative whodedndink3RdwBif rRtuddicoy BB THOhS WesCEdd&lh cx‘i'?ért :
It takes a channel spacing of 3 to achieve a 17.79 dB S/I ratio. In §ec I'on
B 1 her eaf t BRit. } takrsed chennel spacing of Somactieveet hoRldB& W ratis. di scl osed  whi ch
will permt the ?art ial use of down-1link power control wthout increasing
channel spaci ng'hEFeHRn Bihdevenfign aonovzl Mined Bower Contral Mettiodoh@yais disclosed
reasonable S/l ,rat Zia In the sections follow ng, three novel

jo. B. | t
interfer encg%‘gﬂleﬁgmlt Hietneidd usgioé sloamelink power control without increasing channel
spacing beyond the value of 2, while still maintaining a reasonable $/1 ratio. |

In the sections following, three novel interference management methodologies are
described which provide reduced neighbor channel iﬁterference relative to that achieved
by prior art methods. These new interference management methodologies, each of which
constitutes an embodiment of the invention, are designated as Mixed Power Control, |

Directed Assignment, and Mixed Power Control With Directed Assignment.



descri bed which provide reduced nei ghbor channel interferencgsidydiOode to
that achieved by prior art nmethods. These new i nterference managenent
net hodol ogi es, each of which constitutes ad$ enbodi nent of the invention,

are desi gnated asBM XeM@%E%\Eﬂﬂhﬁﬁ’b_l’[ Directed Assignment, and M xed
Power Control Wth Directe srgnnent. 26 May 2004 18 B 1. wiIn the prior
di scussi on of thelr eheatprionsdisdushish e f, fm—f}, Leakhon (or non-
appl i cation) of. cpnyenti onal power cont% Eﬁam& h@d?ﬁ%eﬁnn&egmfg’rca@%r(ﬁélnon—
interfer enceappdaxatwn)a}fcaﬂwbmi@@%%g @HQ?FHE%HS_@@%?&{%EW t hat such

[ prnek

interference varied with the direction of transm igferference

upl i nk) as vexipkrierscedilyha shioed QGCHS criber unit, .
rel ative to other nea%y subscri ber@rﬁﬁﬁ ?”tg%’]g_lén }tﬂgaqtsﬁgﬁjg‘ﬁ?@?rﬁﬁceawegrwﬁbﬁm

near by  base dteationng trafsmisvich (Bb¥RHn YRIAON Gl AR WAL 96aribR o SRS Lre

bel ow which significantly aneliorates those variations SEdNe

t hi 1 xed beariber anit relatine td ( iH i d | but
is nixed gu ec anitrelative td othet %&bmb%ﬂemﬁﬁ%c%@%tﬁ%%#?y other

it may also be incorporated wth other novel interferen

met hodol ogi d¥arhysbasebgiatidres: ei mozeldniixed Powet QERBSI KRR &
applications. . is believed that this novel m xed pomr%nﬁrﬁsgﬂgﬁbebw
i éa‘égé{}%r

| t
met hodol ogy Whicleigrificanglydemelioratesbthose patiaticdsy Ay @alli kg sidpe tgg i
uplink cases and the description of the methodology is accordi ngl'y
di vi ded. 26 SREffobmethodology mayin immlemented sndependently, bitdt S29alsd!bedi é&JgﬁﬁitQJ'
of power control that application of a conventional power control policy
on the down YWifthether novel interference managemdns methedolegics slegitied Her@AUd [Pkhe

t hose subscriber units nearer to the base station -- exacerbates the
companion cross-referenced applications.

It is believed that this novel mixed power control methodology is better

understood by sep_arately treating the downlink and uplink cases and the description of
the methodology is accordingly so divided.



i npact of nei ghbor-channel interference. In such a case, the26May2004
interfering-to-serving signal strength rgé!o, P (in dB), would be equal to
the difference in power reduction of the ignals serving the. two
subscriber units. The worst case occurs when the power of the signal
serving subscriber unit i is reduced substantially, and the signal serving
subscriber unit j, opgtates.at maxi mum power, as would be the case shown in
Figure 5(a). In {%% z&gﬁﬁpgﬂ¥n$§§8ﬂﬂﬂklected InfTiglgBl’tht canlbeezeg?I
that, even with esi gn _co-channel $/| ratio _of. , e realiz

rati o becones nezla?‘ﬁa\slégmrfnd%ﬂepFW disswigsion of newee adntroly thap pppli¢ativhed§ a28
dB for the g r.unj,t where co-channel spacing is wused -- a

realistic ré ner ﬁg&al?ﬁo%%{éo%gghpp IS QR ﬁ.d%lgl éiﬂ’é\clivn i{ﬁs[]red!{m?lr?&?%g;eie;meh&ldl e
L e L
Table 11t gha%acﬁgré%‘gﬁg? ha ,“ﬂﬂ%ﬁr@ﬁé‘gﬁm ﬂ'}cgrf’c‘@_s?’ Sﬂl@}ﬁ%&n@ﬁ-f@wmgl signal
et at e ai 1R BIETE (BT, G, RelaP 35 e, Bikies Soovaoredumion of e
o5 e, 0 ko UG0S St 1k ATk 50 8

For o ser e ot Ut 1 PR . ik SfemBl ine S Hber

2 Gan bo ol mial ed T e Poteh ol BicE AR Lhowdh B FRE 187 Fhiide”

const rai nt exemleryrcaseietlected aEEble ANiticah b isédrthan EWA %rletﬁ rﬁ'&%é@é%gc%ﬁﬁ/ﬁ% 5{?}?%‘

20 called the limting power control ratio and w nce

‘to tine by ratie ofd8xiByrth¢ reatized<B/I ritio bEDNRS RPN/ WEAS o WRlink feYs Tk Sq 1.
dB(XM is -14 dB. In an illustrative enbodi ment of this m xed power contr ol
met hodol ogyby pRmweximatelyt 2& HBuwfum|the nearsgrl sutdefibdr wtb bt 86-chistired shR%RS §¢
between a cell's periphery and a

used -- a realistic reduction in this configuration.

As shown hereafter, a reasonable /1 ratio can be achieved using power control

- and without increasing channel spacing beyond the value of 2 -- which is generally
needed without power control -- if the magnitude of power reduction is restricted. From
Table 1 it can be seen that, when the difference in signal strengths between an interfering
and a serving signal, P in dB, or equivalently, the relative difference in power reduction
for the two subscriber units, is less than 14 dB, the impact on the S/I raﬁo is small: a
17.79 dB S/1 ratio or better can be realized with a channel spacing of 2. Accordingly, by
limiting power control so as to mamteun the received signal strength for a served
subscriber no more than 14 dB below the level, at the served subscriber location, of an
interfering signal, a channél spacing of 2 can be maintained with negligible neighbor

channel interference. This constraint on the relative power control differential is herein



point on the cell's radius where a signal reduced by XM equal2é Mde2G04gnal
received at the «cell's periphery. The distance along the cell's radius
fromthe base station to the point at wh28h a signal reduced by XM equal s

cont Tl woul T be Snry PP af” sonCarBEl bR il Be Feeishon iom HewniERmary thore
col | er Do, TAMOLOIARS ACCEORNLGRL S ELA L e fonn |
T b R
the uplink direction. Noggt herderghstbgagﬂéké@gg%%gbgpﬁeetwg% fell's prsiphery Bf

the m xed poirorc0Rtdells g0 odRlORYighkl {olfcdd WPRLI Al L b8 NRLILOK CASS

permts the elimnation of power control 1nc region

wi t hout adwel'sqleyiphéryeThé distaree AlUIQIthe fealmyeddiwﬁ&ﬁfﬁé %Q%Smtﬁ;{r& %ﬁ@g!r?g&‘;@( P

comuni cations, the value of P can be reduced wth power co

becones t hevidch heignat educedbpRalcqailk ehdisighAnefei A Ihd l?al@ﬁéﬂﬂltﬁgy Wkfined
interfering signals mnus the difference in power reducti oh. 1°s ‘

rel ati onshiap {an@his powematrol wanldie ipplivd forad QbsEiber uRRNbEBY Btiveth WIShE
the difference.in signal attenuation between two subscriber units

transnitti te cell getiphary sFiguicoRAi providesi B, graptdcdl hiepittibh @fahe doiwi-lifke cRbNed
signal levels due to power reduction is 12 dB. Then dB(P) would be: 40 - 12
= 28 dB. Bigel asa funkiiongaf dhe shbsoniber Snit diatance dfom Sthe Boazs dstaticrh 6 Shis
spaci ng of % Table 26 May 2004 21 1 shows that a 14.46 dB S/| ratio would
be real i zedUstptive,gmbadiment af the amaed ppwenxswenol methwdologpn di f f er ence wer e
i ncreased to 26 -dB, dB(P) would be 14 dB, and the total S/I ratio would be
17.79 dB, for a channel spacing of 2. Fromthis relationship it follows
that, since negl [i))gi bl e nei ghbor - channel

Wi

Unlike the downlink case, it has been seen that power control is generally helpful
in reducing neighbor channel interference for the uplink direction. Nonetheless, as
described hereaﬁer,.application of the mixed power control methodology of the invention.
for the uplink case permits the elimination of power control in certain regions of a cell
without adversely affecting neighbor channel interference.

With up-link communications, the value of P can be reduced with power control
and dB(P) becomes the difference in signal attenuation between the serving and
interfering signals minus the difference in power reduction-. This relationship and its
impact can be illustrated by a configuration where the difference in signal attenuation
between two subscriber units transmitting to a base station is 40 dB, and the difference in
received signal levels due to power reduction is 12 dB. Then dB(P) would be: 40-12 =
28 dB. Based on a design co-channel S/1 ratio of 18 dB and a channel spacing of 2, Table



interference will be caused by a dB(P) value of 14 dB or | es26WMdye0a4
channel spacing of 2, power control need Ept be applied to a potentially
interfering subscriber unit* experi enci ng igh signal attenuation -- e.g.,

i 1., Onl b b nits with
i gnai at ¢ oo AEFS U BB D5 Sonl bertrnipea o (heaothenbaad. e e
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Benveni ste, "Managi ng Nei ghbor annel Interference in

Cel | ul ar Sysubsombeér Laité heieln dgdal t Addnuiidd & @ﬁoaﬂbbblbw tf?é dﬁgggﬁm% L{E@%Pible

relative signal strength dB(P) is |ess than or equal 4

power cont ratienubtiomin the eplhgadd kaveltheis signak tdutad tTHaFlsA'p&@ergr‘éHngﬂ%ln' nbed only
accepted val ue for nobile radi o systens). Hence, a- power 41 course,
up-1i nk powee appliedrfot swisgriber wpisl loexled bétweem tHe bast Reatiof|and ROYRARSY the MIH
desired for other purposes. The point hereis that up-link power contro
not needed Tafiushitm, peyhinh thorratiamfghe gecaiaidgtipnal stieagthedeldtiveato! Bk QRGP
May 2004 22. ‘F?gdUCt n capa Ilty,udB(ol\/p of 26 dB woul d be adequate for a

is

channel a% sgength in dhe eell isyax - i the examplaryoease 00 TabledB@B My sldodB.
= Reducti on
(14) I\/B.XI ﬁuglq]rep?ﬁ\%ro SCSUE(I: g{'aphlcal depiction of the up-link received signal as a function of

the subscriber unit distance from the base station for this mixed power control
rﬁethodology.

To estimate the power reduction capability needed on the up link with the mixed
power control methodology, for a given channel spacing, the highest value of P to be
encountered with some statistical significance is needed. The inventor has shown in a
related article [M. Benveniste, "Managing Neighbor Channel Interference in Channelized
Cellular Systems," forthcoming] that with a probability of 0.995, the relative signal
strength dB(P) is less than or equal to 40 dB without power control if the propagation loss:

coefficient is 4 (a generally accepted value for mobile radio systems). Hence, a- power

& Of course, up-link power control may be applied Between Iy and the cell boundary if desired for

other purposes. The point here is that up-link power control is not needed in this region for managing
neighbor channel interference.



dB). As can be seen from Table 2, a range of power control opsiMiy2cREE
presented. Exanples of such options would include a reduction of the
near - end subscriber unit's power by 20 dB2¥hile |eaving the far-end

subscri ber |1 at L, qum r. r c nel spacing of 2, the design
co- channel %ﬁ Pét{ r%@gilgy\f\g‘g@%&}iBﬁggtd@ab"é’uﬁgg?dwﬁtﬁ Ruct plannplogsichigl of 2,
woul d be a éiﬁ&uction of power at the near end by 26 dB (while operating the
far end unit at nmaxi mum power). This woul d produce a dB(P) value of 14 (40

- 26), whicly Ci f requires a design co-channel S/|

t hreshol d o “%‘3{”5’? ’@%?’ml@”mf aiqéggbg’zrﬁffﬁg‘? éii‘ﬁ,"a%’xfwwé' fewer Rediction (26
enbodi nent SdB))f the m xed power control nethodol ogy, power control

requi renents ‘are sel ected so that channel spacing requirenents are

m ni mum O her appld i t t 0 of coyrse, .exist. For
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al gorithns that enpl o‘;/c p%t\?i%drs ?glrliltdr lglgﬁ](r'glﬂs3 d;%gt'ﬁ@ g?%ng?aéﬁgaﬂgﬁﬁgﬁi'&'ﬁs
B2. Direct gibwiasthgRORIE whikUlh@datBe e Ok er QAN ' ference is

t he nunberqg)f adj}gcent-chénnel gon?l i c?s,glahﬁ%er-ari Sgte!ﬂﬁa%ﬁﬁﬁ oé'gﬁrafgﬁta

channel s arohauﬁei(tg)aéiﬁydﬁm&ﬁélﬂés}{gﬁ RolchBnRd P HreshBRIWOLIIONAR! {oShe YH oL SR !
w || be apparent fromthe preceding discussion that not every :

adj acent - chfamotbér pessftilityt wgiMebe &i @dudton26f 36RBE af At r .
generalization can 26 .I\gy 2004 23 still begmade t@?ﬂ‘%régguﬁ ?gn@?ﬁhﬁ%
nunber of agkrtiegtthe farend| unittatfrhaxinenripeweRsSHEs WWald picdabd HaBPPYalue OE 13

adj acent -channel. interference. The enbodi nent of the invention described i
this secti ¢h0r 26y which dor a chamnel pimgtdfidereqhires aidesign berchstinel S/TttheRRSIAS f

interferenclc?;ztzhgﬁugh a reduction of the

=]

As will_also be apparent, for the described embodiments of the mixed power
contr_ol methodology, power control requirements are selected so that channel spacing
rrequirements are minimum. Other applications of the methodology, of course, exist. For
‘example, if a greater power reduction range is desirable, the channel spacing must
increase. This idea is pertinent in dynamic channel assignment algorithms that employ

power control as a means of increasing capacity.

B2.  Directed Assignment

A surrogate for adjacent-channel interference is the i_lumber of adjacent-channel
conflicts, which arise when two adjacent channels are used simultaneously in the séime or
abutting cells. While it will be apparent from the preceding discussion that not every

adjacent-channel conflict gives rise to adjacent-channel interference, a generalization can



probability of adjacent channel conflicts. The approach may {6 Mgy#dced to
both regular and non-regular, fixed and fhexi bl e channel assignnent, and
to sectorized and omi-directional cells.“1t may al so be conbined with

Aot anment ot kedahoy e R EOATE She DB B ERBF SGFhaeRsanilcie dappensest hom
regul ar fi xggdelghtda Lt QURAR | Lder four cells assigned channel
-se?s: A B, C?.andq%‘l,ad’gdgérgﬂ%m |l%nt%f§§{rléeje'8. The channel s conpri sing .each

t dj t fi f t her,.three sets, and the
Further aasampt ] one, SSRARANSY Sndlintotflofl debod iE st S&g“é‘?fgﬁ%ahrﬁﬁ@goaorén
th h : . f f A f ' ' tratiye .exa ,
Lhere aro 2o chere of Rfififhe| AUAREL diifitel Blierdrtlcd MrolBl & giRuRioel Gie

respect i vel probbilidy of adjadht ekl TohflicR! ABeHPreh hnay be gbénec@loggot‘ﬁ’fr[?gﬁlm

assigned to the |owest-nunber channels, as pi ct ure

t here woul datik rbreggaiaentfixedhandefle:dbRf Ichad] i &sggt%&enf\ aﬁfi' Eboﬁelcfbcngg gpﬁ

3in D In order to reduce the nunber of adjace channel

call's in cebmpi-direstibnaleliseltmaeslsé b cbmblRaBgith BHHEP afjacGNI ARG iYALARL e
and the calls in cells B and D are noved to the highest-nunber channels,

t he confi guicduétéon ahppdachest i n Fi gure 8B. Consequently, there is a greater
channel separat.i on between active channels in cells containing adj acent

channel s. As seehbe iDirgiqguAssigBnenthmethodblegy obillabg andestoodainate 60nf $infple
decreases to: 2, 2, 1, and 2; for the four cells respectively. The steps
fol | oned i reXeamlyifign eegulambxel chamel assigrimgente Gonsiderh friol cally a8signet channel
fol lows: 26 May 2004 24 | The available channels are distributed anong

channel set¥%o tCeddth Dyeas shoxm i Figyee 8. " The whatinels camprising ¢ach ssetase

7 with adjac eargjac%lk'}? E)ntﬁ{la %habn%\élas of%%%iﬂtleeotll'ngrbt%}ée sets, and the further assumption is made
that each cell ébuts cells assigned the other three channel sets. Consider further that for
this illustrative example, there are 24 éhannéls available, and the four cells in question

| have, respectively, 5, 3, 4, and 3 calls in progress each. If all calls were assigned to the
lowest-number channels, as depicted in Figure 8A, then there would be 4 adjacent
channel conflicts incell 4, 3in B, 3 in C, and 3 in D. Iﬁ order to reduce the number of
adjacent channel conflicts, all calls in cells 4 and C are moved to the lowest-number
channels available, and the calls in cells B and D are moved to the highest-number
channels, the configuration depicted in Figure 8B. Consequently, there is a greater
channel separation between active channels in cells containing adjacent channels. As seen
in Figure 8B, the number of adjacent chénncl conflicts decreases to: 2, 2, 1, and 2, for the
four cells respectively.

The steps followed in carrying out the Directed Assignment methodology are as

follows:



11 2. Each cell is also assigned a Iabel, "+ oor " 3. A cel Remigy 2092
channels froma set(s) assigned the sane gbel as the cell. 4. Cells with a
"+" | abel aSS|gn their_users to the | owesf2nunber channel available whi |l e
cells with a "-" It abelThsIavedablnehanngtsears distritiuied atbehelfdm &Q@F%%

S P

avai l able. Step 4 lncnﬁg%eﬁibhhe'wl'@}nmel 0 cti.ve c nne
cells with opposite |abels .nce adj a%lz(ﬁt ﬁgdr?neeltsswc@n ‘ii ¥ aVﬁ

cells with opposite | é)BgPsgf IB Ist ep 1, the 1likelihood of adj acent - channel
conflicts is decreased. Two options are available to push calls to either

end of a channel 2set. Baok c#ibiy dlso &26ighed ARkRL, e cakl from the
hi ghest - nunber channel |n a "+" cell (or the caP fromthe |owest-nunber

channel in a " cell), t ? t he cha_lnnel of a de&artl ng call in that cell.
Thus, there wouPt be AtHaY uimaAsRela e ¢ g ) assigyereing sqmer labell ds the cell,
term nation or hand-off. Another way to keep users to the proper end of

the channel set W thoqkllsRhfpal "+"r§bar efipit be t o assjgn
incomng calls to the J”?lr%@f :}Il Iéggié%hgiﬁﬁ l?se%trg ﬂle E’l‘} tc%‘l“fl!’g' ?hﬁ"&eﬂ he
hi ghest - nunber idle ch&h cells cEith aTh‘e IﬁbeécP@GeAﬁgirgmemt to the
met hodol ogy applies bbtghestmmmbeeahamz dvailable] e channel assignnent.

However, the interpretation of channel sets differs in the two approaches.

In fixed channel assi gnhnment the channel sets are the nutually disjoint
groups of chapdeinsreashscthe ahanhel sepanatioti 6ff stientchamldSin édl'ls%i’ﬂ?@g%@ﬁéél Bbels
channel assjgniment, where all channel sets are of equal size )
requires thuficy Adiacers channels/ean beifmnd aly dhaeiheivithas osxtenlabéEbels%;pma&{@I

assi gnnment , d be two channel sets, (in or er to comply with
adj acent CHQWE‘E ‘&V\gaCLWF Fh%ﬂﬂéh@l)nﬂlﬁacﬂﬂmmaseﬂ be assigned a "+" or "-'

| abel . 26 May 2 4 25, For exampl.e, the channel set of odd-nunber channels
could be given t optlopsd%rgavaréq{ﬂe to push calls to either end of a channel set. One would

be to move the call from the highest-number channel in a "+" cell (or the call from the
lowest-number channel in a "-" cell) to the channel of a departing call in that cell. Thus,
there would be at most one channel re-arrangement per call temﬁnation or hand-off.
Another way to keep users to the proper end of the channel set without channel
re-arrangements would be to assign incoming calls to the lowest-number idle channel for
a "+" cell, or to the highest-number idle channel for a "-" cell.

The Directed Assignment methodology applies both to ﬁxed and flexible channel
assignment. However, the interpret’ation of channel sets differs in thé two approaches. In
fixed channel assignment the channel sets are the mutually disjoint groups of channels
dedicated to the different cells. In fixed regular channel assignment, where all channel
sets are of equal size, Step 1 requires that there be an even number 6f channel sets,

In flexible channel assignment, there would be two channel sets, (in order to

comply with adjacent channel use restrictions). Each would be assigned a "+" or "-" label.



the set of even-nunmber channels the "-" label. Since "+" | ab@b M=sl2094f avor
| ow channel nunbers, and "-" | abel cells favor high channel nunbers, the
separation between the busy channels of 2ells with different |abels

i ncreases ip f dj acen nel. s may be used only
in cells of rfggt&k%g&%g % O?Wo%%gquws Sﬂjgla%érﬁlv%ﬁﬁri'é‘l" label, and
conflicts i I vmar,. ntrol Wt, recl ed Assi gnment

For a pomerﬂlgg%? Y gl%%a(Ij P@?erc%ﬂégrﬁglgs tzed 91 R over agﬂrﬁquélfa‘(ﬁi lonechramel

et 0 T B G e e SEL R ey

channel spaci ng of 2 wo

nei ghbor - chapmgblsi h t he ..use qf. that power
control policy. éllsnd}t@ég%%gﬁﬁf%ﬁtcfra geslg lfr}e% éesrc gﬁ%ga atﬁ)frf“ccé’f"aﬁwnsd 3&#‘?&?@5

Benveni st e-h I RSRR ﬂ?é%h t ntr
pol i cy, thereahlﬁi ﬂgl ongl%%ﬂy inc %&Eerel gl%\ﬂetls t%péroﬁ%dpw %‘]paél\é\e ‘%P‘Féﬂﬁﬁél

I nt er f er enceonfflietins dechkghbor ceI I I's negligible on the down |ink. Also,
there is a similar region, wherein subscriber units will cause negligible
up-1ink adjacent-channel interference to a neighbor <cell. Specifically,
with reference to Figure 1l (V\/mch corresponds to Figure 7 of the

Benveni ste-8 appBFcat' 03|I|oed to the left of
contour XX in cell tonrrieti&dht er f er ence from

adj acent channel g,us gwbxnccﬁﬁ‘}ol pﬁll%ﬁlﬂh& ie\é b’i P?\llﬁ’gsg{iljlc%?"q’t posi tl oned

to the right of cont ur Yy caus

i nt er f er encadtfall peler dontdd! oﬁiﬂ?eu?;% ARk RERR b%p.l? wﬂ}at%.ﬁgarglg o5 teigt} a‘ﬁﬂu%

control practi ce -- that is power con

power cont rted adequitbeo wuce ke impact 61 ﬁﬁ?ﬁ@orﬂﬁﬁmﬂ%@ﬁ@ﬁﬁ@ %L cell with the

I nterference experienced fromusers within the sane ce SHou

‘avoi ded. Hawevef ,that powet qawel mdieyr Gh BR! ic6m aﬁhﬂr&%&@fefa%
power control”, 26 May 2004 26 was described |pn Section % ﬁpg]é%%?r?) S

limted dowesignated flvneenicroift (SN 081580568), it was shown that, for such a power control

policy, there is a region in a cell wherein the impact of adjacent-channel interference from
a neighbor cell is negligible on the down link. Also, there is a similar region, wherein
subscriber units will cause negligible up-link adjacent-channel interference to a neighbor
cell. Specifically, with reference to Figure 11 (which comresponds to Figure 7 of the
Benveniste-8 application), a subscriber unit positioned to the left of contour XX'incell 1
would not experience downlink interference from adjacent channels used in cell 2.
Similarly, a subscriber unit positioned to the right of contour YY' will not cause up-link
| adjacent channel interference to cell 1. |
It has also been shown fhat the opposite power control practice - that is, fuil
power control on the down link, and no power control on the up link -- increases the
neighbor-channel interference experienced from users within the same cell, and should be

avoided. However, a novel power control policy, characterized as "mixed power control",



mai nt ai ni ng nei ghbor-channel interference within acceptable R6mdys2004
Specifically, one could use power control on the down |ink outside a
radius QM corresponding to a naxi num powér reduction &anget XM -- i nrt he
d I bed i S Jve.case,, ~Mis . 0.4467 R corresponding to a powe .
rEZEI:It i on OH a%ﬁ%@%%’leﬁ? I%%F'i‘?/‘} Ighd’é}}ld% W@“H'é%élmlﬁ‘éddirwuélﬁik pws'(rj C@ﬁfﬁlrg’_hlle
licy, if pBOWeh: re applied on the up link only inside a radius
g(l\)/l | C%/heI recel vé%?%]é%%ms) %ﬂﬁ“&gle&ﬁ%{ §roRce it ageaptable @Bg@bcﬁlg_ctﬂ@eiiy,(?)mt
i ved si | he received,.signal is plotted in Figure as a
1E 5?]3“/% of gﬂggrégtéo-ﬁ%‘gglg-k é?tﬁéii%tﬁﬁﬁgwnhék %UFF@QJQ ’@é&siﬁmsf i&l’feﬁb@mdmi to :I
i cati Wl [ A this m.x owe trol policy, a chann
Spacing of Dol diiuctish taledole Tdf e B?scﬂ&%l‘iquuegea@@geé; RRASCT
' tive f h &bl L, COQL I. pol,i cy i 0, reduce
the i mpact o anyAdEE S o BERY) PLBHGS RINTHRC PPty ldercthy' dsegbu gped

adj acent chaswel con@dt pblidy. FRwe? 'E:ongt?élgﬁé?g E%Q%dco%l thﬁ jap gﬁﬂ%@%ﬁ%ﬁg @ rpgius Zy,

application of the aboveé-described nm xe Wer-c

nei ghbor cethe rageivdapm Wit Ghutlizd &t a djg*e? Li.réteilli??l?]d\@%flg ﬁ)q’}']e%{ (Pfﬁ?’?{ﬁ& Iai?gﬁl@le ina

contour XX, as shown in that figure, ni ng e regio

adj acent - cheeihelThenicesived efpgal §y POl Gn BLGRDP LN ﬁ]‘&gc{c/ile){l c{(fhg%eg-(tjo%#efﬁitign

fam |y of ~such contours Xk Xk', one for each power K
nei ghbor cedistanes(inildg stale) Sbretsbth Bomiiictidds dikRAbLAY Wik uﬁ%&ugﬁg ﬁo%&%ggﬁ'ﬁ)toh
the strongest power signal used in cell 2. The contours sprea t
to the ri ghpolienda chartrebspaeing of 2 withihawelDWGuld Bhad®fuafe! to the right
decreases the portion of users in cell | experiencing adjacent-channel
interference frofisavillsls appreciated, thesiecantive dbr dovieting &vel the, pltbtpolWae cRirbt
to left increases it. Now, however, users in the two cells can be matched
‘to oper at e REHICYdF eesduce harimenet afradiacenteghanind use erineghbdring dellk edndhaesddp
adj acent - chapnel i Eterferen_ce_. To illustrate how user matchi ng can reduce
the probabid¥35gnbchannel resiticHens ey neighbeqing: regHs.e Cousideri dar appsztlggtlxld)dz 7ofnthe
i ' |, woul d experience 26 My
Figure 10. a o%g-%lééc od Thixed S(t)vrvgr-conl\t{'lol policy in thg neighbor cell arrangement depicted in
Figure 9. Instead of the single contour XX, as shown in that figure, defining the region
vulnerable to adjacent-channel interference from the neighboring cell, there will be a
family of such contours X; .X;', one for each power level & used in the neighbor cell, as
illustrated in Figure 10. Contour X; X;' corresponds to the strongest power signal used in
cell 2. The contours X; X;' spread both to the right and to the left of contour XX'. The shift
to the right decreases the portion of users in cell 1 experiencing adjacent-channel
interference from a user in cell 2 served at power level £, but the shift to left increases it.
Now, however, users in the two cells can be matched to operate on adjacent channels in a
way that reduces the likelihood of adjacent-channel interference.
To illustrate how user matching can reduce the probability of adjacent-channel

interference, consider user M, in Figure 10. Without power control, M, would experience



adj acent -channel interference regardl ess of the position of BeMawsEI0don the
adj acent channel. Wth power control, on the other hand, ML can be natched
with a user in cell 2 served with a |ow pdder |level k, so that there is no

adj acent - chagglent-Bh£InkE"; .th robability of adjacent-channel
i nterferencgdugannbe re ué@ggtgﬁPg%gﬁgdéd@SW?n £ RATIWAM Of i the tuser powere adjatend

and sel ecti v@gAR&IC K¥; | n hannel, users in neighbor cells. A
channel natching al gI(E)}%J F?ﬁ% orﬁl%g’a&r @'Ig gﬁgd’tanahﬁq’é 8B jbe craiched withesser bece]] 2

bel ow. The rapgd With RAXN&! det germ,nes. the spread of the Xk Xk'
contours. The opti mﬁwﬁgr?g%?g‘%‘%%v\%’rt%égh’?%ﬂs "{Or?éits'fcﬁﬂh?hﬁnaelsmterference. Hence,

adj acent - chaR@ekoHaBliRY Tk AN shoul d be determined in

conj uncti on’ wi ? h the ZSZ&S ?%ltgﬁgﬁ%glmtﬁg%?m%%b%ﬁdﬁmm@@l og@ubinhtion of
wll. be undphrgédpswina - Of - | ink. power control cannot go
beyond XM As pregi ousl ;51 t{r?gfi%%?atgﬁé‘%inﬁ%g% rOfﬁglfcﬁrl"Fcﬁkﬁn@ﬂé{SﬁtSHé ngighbpngells.

requi r enent A tRdnnefARAL@RYA | - el interference are symretric
to the down-Iink nfequiﬁdﬁgﬁggﬁthgggﬁggﬁg@%%gggs Pffje tb‘ffp‘ﬁélﬁ%&éii)bebwer
control policies FHie |5t . Benyeni ste, "Nanagi ng
Nei ghbor Channel Int g#%gﬁbgﬁ%bé%%}ﬁc Y@hﬁéﬁ@ggg&? PEI°4 O?églgt%n%{ﬁm ursshihe
is, if up-liopkinadr@igecsidurir d h& LS he circle_ of radius PM
and there-i Igpno powegrFe contréldogg?gglfe t @?7%%15?&&%2&&?@ e{%?@reﬂﬁ?lﬁosébl&f}’

fam |y of cehtwddrbe dékerMitied qurcohjtﬁl@ﬁét?_stpi@ﬁ‘%QQPEﬁﬁEC\ﬁ}eagigglL%{fg%ﬁné) %%qhnz

| evel s of the users in cell 1, that define Tregrons ‘

woul d causeemplayed! Tnlill e airddersstiap the farfze! drESRANH er .oy cell 1.
These contours are mirror images of the contours XK gbﬂ%é)%é\?mco]ngpl f?j@oao%%
link case i heywidy,l. As al so explained by the inventor in the reference
article, a user ‘Ewg?t does not cause up-link adjacent-channel interference
to an adj acent - cHenprsiviawskyr noted atheniaivetbphas showiithat hetuRBne Yoie

l'ink adj acent-channel interference fromthe nei ghbor-ceIFP use?d.‘ %tﬂneetn?soq?%g
symet ry i n2¢Heviag nei adjasast-¢channelointaifeserentare bpmnetric iothe ' doWrERRErdduirefen
sufficient to gpalyze user-matching algorithnms for one comuni cation 2§ rt\%y.
2004 escribed above if complementary power control policies are used on the two links. [M.

Benveniste, "Managing Neighbor Channel Interference in Channelized Cellular
- Systems," id] That is, if up-link power control is restricted inside the circle of radius a1,
and there is no power control outside that circle, then there would be a family of contours
Y Y, for k corresponding to the different power levels of the users in cell 1, that define
regions where a user in cell 2 would cause no up link interference to the corresponding
user in cell 1. These contours are mirror images of the contours X Xy drawn for the down
link case in cell 1. As also explained by the inventor in thé reference article, a user that
does not cause up-link adjacent-channel inferference to an adjacent-channetl user in a
‘neighbor cell will not be subject to down link adjacent-channel_i‘nterference from the
neighbor-cell user. Due to the symmetry in the conditions for no adjacent-channel

interference it is sufficient to analyze user-matching algorithms for one communication



28 direction only. Accordingly, the described methodol ogy i @6they Z00K| owi ng
sections is focused on the down |ink. The perfornmance on the up link wll
be conparable. (a) Description As shown iR8the pregedl ng segt Lon, t he
robabi lit ' t ngl, .interference c e .reduced by proper
Ironatt chi ng o?dggftgcgiegtﬁ&gréﬁﬁgq?nége&e fiﬁSCHEF‘SHB@PO‘?‘g%)L?Q t#ﬁﬁfgﬂewmm%ﬂonggm
roblemis qﬁt;m]i ' timzation pr em wever a goo
gol ution of P?C%g%m%r?%l em |l§ig% gg%ﬁ%eea%aﬁces‘?"ﬁﬂ?élp : r"’f"&lttie(?o&}l@@%blt-hm
described hereafter. The approach begins by ordering users in each cell.
The ordered users are assigned the available channels in order of
increasing (or decreas{ng) channel -nunber, thereby matching adjacent .
channel users. THH obj-& 4OCIHAENREYE the determination of a criterion

for ranking the ysers in ac | 1 su as to mninze the probability of
adj acent - c%annel 'Sntsg‘?%r Bhclbe prrecdiag sectignst thac prabability hef sajadengchame]

tati IS : £d as the ranking criterjon. The logic for selecting the
Gi ot ance berTetiEe o FEukal by Mol muchRg ofalnglpnocknseen i asighbor
' ' -cell exanple in Figure 10. In the discussion
or oat Lor . TR 1 ST Shit i Bink? bk S T acepmibiex o i opsmisabar oo
' ' N.e Ai.stance af subscr.i ber unjt . fromthe
nei ghbor basg eyars B3O Relflanbf Bt bR 35 erm%eéobygat%rk, heisis sgaihe
that, for t b I iepn of power control in the down-lin i rection,
adj acent-chdabﬁ(r:\el i%?gqeg'rence will not be incurred when: pw[M c p, nl

26 May 2004 The approach begins by ordering users in each cell. The ordered users are

assigned the available channels in order of increasing (or decreasing) channel-number,
thereby matching adjacent channel users. The objective thus becomes the determination
of a criterion for ranking the users in a cell such as to minimize the probability of
adjacent-channel interference. The user's distance from the serving base station is
selected as the ranking criterion.

The logic for selectiﬁg the distance between user and base station as the ranking

criterion can be seen by considering the two-cell example in Figure 10. In the discussion

hereafter, the following notation is used:
Cmy distance of subscriber unit M, from its own base station

n distance of subscriber unit Af; from the neighbor base station

In the inventor's referenced article, it is shown that, for the application of power control in

the down-link direction, adjacent-channel interference will not be incurred when:

Hr



29 According to that relationship, in order to reduce down- [26iMay 2004
adj acent -channel interference in cell 1, high n2 val ues should be matched
with high n, values. Simlarly, in order t28 minimze adjacent-channel

vl nes. - put B B BldniHin R 58 & Feliee A Snvl b iaceey-dhaoneideterernce
n cach cel I bobr e 75 8Rhes o RoR dfnt hilBTight Milvencimenantioreors
val ues, and o e s AR AR chini SlertkkE a2 Wil ) HelueeHhonis bo manbed owiths
ul norabl o Lo ot anest Dokaneepat M denh] SEAACGE Pk tom e mercstisse.

and vi ce veisii.be THigferat n Ofini [ t be generalized to deal
with adjacent ~eharnel uggqgggﬁarfm?r Iémbﬁgr?h%i]r?éﬁg%ﬁ%’ Eﬁﬁr‘?éf‘ eégh &1 | BY: be .

The avai | abtankedhdpned sardé erifdtish! TbiHeel s i sBuhhal each. set
has a | abel, "+" or "-", and any two set s W?K&qggjggjgle%teﬁ%ﬁg%ﬁgpés HS&fl high
opposi te | arelvaluds afeanbtchel WithdoRs) €Esh, and HR8Wersa istance s (hs GELL By
use channels froma set(s) assi gnZ)? t he Ssane Iageerllmggsﬁﬁéhcwéqcle%sﬁé @%‘f’%gi n
each cel | a¢ritediondemreabes adjacedech@ainell Bidreaeidbethit 4RGH A

base station. Cells with a "+" |abel assign their ’user%%egqh‘glﬁﬂ%@%%%t

| owest - nunbeslneablerte rdjacersichamel imerfirenc h| Getbdsbs & m; incleabdl afd AEEVERGI 1
users to the highest-nunber channel first. Since adjacent channels are used
only by cells of Thppsouithadolagyel of tthe Stimyentidn tchn obgh génerhligedas®i AN igd

hi gh- power users to | ownunber channels in "+" cells, and to high-nunber
channel s i rfdjacent-ghangel ysgbydnersshamenesieighter celésyas fullosvs: bet ween t hem

Consequent |y, a hi gh- PR¥GYailaBRY chdhhdls QRES atBes, hQ.an, idl.e channel
(inlowtraffic 26 'Vai{aszg gbel "+"0. "S" iBuleld ngrl:%)éﬁnel sets 5o that each set
N T

-', and any two sets with adjacent channels have
opposite label.

2. Each cell is assigned a label, "+" or "-".
3. A cell may use channels from a set(s) assigned the same label as the cell.
4, Users in each cell are assigned in order of deéreasing distance from the

serving base station. Cells with a "+" label assign their users to the
lowest-number channel first, while the cells with a "-" label place their
users to the highest-number channel first.

Since adjacent channels are used only by cells of opposite label, by Steps 1
through 4, the assignment of high-power users to low-number channels in "+" cells, and
to high-number channels in "-" cells, increases the channel separation between them.

Consequently, a high-power user will operate either next to an idle channel (in low traffic



30 conditions), or next to a channel assigned to a nei ghbor 26ady 200dr near
Its base station. The probability of adjacent-channel interference between
nei ghbor cells is thus reduced. As will b&0seen, the nethodol ogy here

resenbl es i rog reyiousl descri bed Directed Assignnent
met hodol ogy. OHgﬁV\i/g\I}ge)?,gpﬁﬁtﬁ%g g?glgf %%Pg,&ggl}/cb?lﬂﬁlﬁg'g?fé?ﬂ USer haep ife bassrstation. The

adj acent - Chanobil'sTRiREEI Al AR CONTELRNS ol e guse Of Rower

control with proper user nmatching s .

adj acent - channel A4 G4lebt QESNGR: ] regiated, the effectiveness
of the matching procedure descr?ﬁ%g%lg%c’)\Bgre\?rmgfqm%g%sp‘é‘nﬁwemt%‘ﬁ?é’é@’l@%ly

t he cont our sle3d¢ibs' Didécged KB&»iéﬁméﬂlﬁl&B@dolﬁ@Pf}?&%%? wﬁ@ee EFI%Q%Ej A‘g{?&%ﬂ% Basel

control, which is selected tdO mnimze t robabi’l i

i nterferencao iAmachok hdjeana: ¥ ' .S_can be packed on
ei ther end of I?ﬁ)g avai 1 abl ehgfﬁ%ér?ﬁgll%%%?cf\?ltcg \Agé/%fzgiﬁéo?ﬁﬂgg? F@%B?W&Wﬁél

r e- ar r angemeontrelpesithc pidper g idatdting ts8 RAldHEL. esi -Jgﬁr ._channel
re-arrangenment may be necessary in ogr der to r?alﬂ‘%t gfbr?taglh 0&525&1?%%%°HW1
the users, wienftreney change. as users nove. Alternatively, channel

re-arrangenent may be postponed until adjacent-channel interference is

observed, thus ré‘diu‘eyiiihg)etetpapreutiardlearthefeffeeti'@dfnl’e@m%fﬁlﬁanhfatd]ﬁ&‘i‘gj £o i
Application of Methodol ogy The net hodol ogy descri bed herei E’ chgg%ed%sgrelged

with both f#5ee wHbideneadidnl kow spraadeht thesiogroveniy; X Mark TR SROfub HeBURIPL AT Y
applicationg of that nethodology from fixed regular channel assighnment are
descri bed. &30gepIof  Bewemecoptel, ofhichi ds neefdvem tod htinitdigx i the € pEdbabiiey of
assi gnment %ﬁgears- i n h/lgﬁl%(f::nveni ste, A G Geenberg, and P.E. Wight "On
dynanmi ¢ chaffafentelangs SI¥1SRi r el ess systens: Extensions of Ordered

Borrow ng”, fort ‘t&%onrln tgg éas%%fl\@i}{ec%e%oﬁssignmem, users can be packed on either end of the
available channel set in two ways. One involves channel re-arrangement upon call -
departure; the other doesn't. Further channel re-arrangement rhay be necessary in order to
maintain a proper ranking of the users, which may change as users move. Alternatively,

channel re-arrangement may be postponed until adjacent-channel interference is

observed, thus reducing the number of re-arrangements needed.

(b)  Application of Methodology

The methodology described herein can be used with both fixed and flexible
channel assignment. In this section exemplary applicationé of that methodology from
fixed regular channel assignment are described, An example of the use of this method
with flexible channel assignment appears in M. Benveniste, A.G. Greenberg, and P.E.
Wright "On dynamic channel assignment in wireless systems: Extensions of Ordered

Borrowing", forthcoming.



31 Consider a systemof omi-directional cells repeated by C&aidy 20048

pattern shown in Figure 11. The assunption is nade that the channel sets
are constructed by the horizontal nmethod and, therefore, that each cell
shares a border with one other cell assigned adjacent channels. G ven 400

woul d be assigned 50 5 channels. Table 3 shows the .
interference as a function

each cel |
mat chi ng on adj acent -chag?el ‘
of offered load. If channels were assigned-randomy, it has been determ ned
by sinulation that -t he grr obabi | i tfy of .an adjacent channel- conflict (ACC) is:
79 per cent when SPRYfERE SYSfesm QT gmnidirectionaberils repgaiashbyythec of Strateln stgown
probability o . ent). The probability of adjacent-channel

i nterference {“A%g)?‘?% sﬁlO%e FEFURRAAn 15 4pafe that the shapral egtsasrsi epmstmeted by the
met hodol ogy i | e probability of adjacent channel conflict drops
to 73 per cenlﬁ?r?zgﬁ lﬁﬂeethégoaﬁlgb?lﬁr‘f‘;?reof%gdf%? e#ﬁeﬁ-: EhAIph 81 bordete Mitky ape @ther cell
becomes 10.1 540 - . r aAR f ed | oad and bl.ocki robability.
| f power cont roilegh\?\n&?ﬂﬁ ?chéfr) Chg'n%%(l:srsii ng e&e{t@d &g‘é’«a‘?e ¥ h‘éacgr Bedgtﬂ’ cpqqugq)fasmgned g/O
adj acent - ghaniighnd O BINES SHGS ‘? =] . 0.5 per cent. 5 Ofered
Load (erlangs per cell) Mt ho%lﬂﬁgi.n%a g)f(%? %ij’%gE}atﬁcgﬂ%%a@i%?"&?ﬁ?%’&ﬁi%ﬁf@snse
(20 % bl ocki N 666 PAfEire Pt SUARHRAAY HRRAC: Prob :
RandomD. 790. 1060. 890. 1210, 830, 139 TAG S e SRt s BRES ot hibgheen determined
EPCDAO. 730. 0050sifflatbhohadaR. §38aERELET ardadiBaint ' ;

assi gnment methods for omi dligr e?:t I onal cgljl S nvmg{lﬁmrég-g%@ielc?g@?g? 1%73@6Wnt
2004 when offered a load of 40.3 erlangs (which gives a blockjng probability of 2 per cent).

channel s,
| npact of channel

The probability of adjacent-channel interference (ACI) is 10.6 per cent. When the
0  Directed Assignment methodology is applied, the probability of adjacent channel conflict
drops to 73 per cent, and the probabilify of adjacent-channel interference becomes 10.1
per cent, for the same offered load and blocking probability. If power control with user

matching were used, the probability of adjacent-channel interference would be reduced to

0.5 per cent.
5
Offered Load (erlangs per cell)
Method : _
40.3 (2 % blocking) 49.6 (10 % blocking) 58.5 (20 % blocking)
ACC Prob | ACI Prob | ACC Prob | ACI Prob | ACC Prob | ACI Prob

Random 0.79 0.106 0.89 0.121 0.93 0.129

DA 0.73 0.101 0.88 0.120 0.93 0.129
EPCDA 0.73 0.005 0.88 0.019 0.93 0.028

TABLE 3. Performance of channel assignment methods for
omni-directional cells with re-use factor 8




32 When the offered load is increased to 58.5 erlangs (when RBéidyl 200Ki ng
probability increases to 20 per cent), the probability of adjacent- channel
conflict is 93 per cent, and the probabi I3ty of adjacent-channel
interference is 12.9 per cent, when channels are assigned randomy. Wth
Directed Assignnent, the probabi lity of adjacent-channel conflict remains

93 per cent, and%ﬁl @1 ob b|| aé .0of adj acent-channel interference becones
12. 8 per cent, fol thé'%s b9 r‘édF‘qr%aéEdt%ésérﬁrlla@g%)@vlmkﬂlelbh}ckmgambb@ﬁm

Di ted t | f trol th er
mat chi ng ar SUSRAS X AG PO PRGN PRopaDHiLaf adasenthamiediconficeis 85 prcec; ans
resui s, Thide PiPERERRYTES a@ 3t Sprnel inizeisen s cluher cent owhor chamels. are
i gure 12, aropdt seidoBIe: SR DRerEd Arigin@a ook b adpicont %‘tm:mgl a
f t f I h been dISC osed a
p:JE(r:a: ?'?yoof Bﬁﬂo{\?glﬁﬂﬁwﬁogol @é}l gesmf %Pdﬁggﬁ%égqﬁ%ﬁgeﬁ o -chaamel interference
wth fixed Se o E‘f""*“@‘%*%gﬁﬁﬁe SR BREG eﬁm@g%%ggk Digeted
th t he | oy
froquency- dr ot Eene diindhes D RREAGE R 804 Gl S tsgt praloting ate'used, the
time-divisi pfbhﬁbﬂ{tygfgdjamﬁanﬁuﬁ%d%aaft d%§§hlls%ég9ng t he net hods

I ne

di scl osed herein can be easily conb as wel conbi nable with

enbodi ments of t ke powee Rrigenst ¢l ABTRAs ided oB{aﬁ}ﬁﬁ S{;@é‘?e%ﬂlt?o anio

applications. An exanple that illustrates the pote tlal or syner o (

t he sever al yitidsctheslesveshadiacint-ehaaet aoiferdhtd) DeMaBlitE S i {
of a 33 26 May 2004 cellular systemon an |rrgguaar t"gr?le&ﬁQ)Ft%‘f'?'t&aﬁjad &&B%

“non- uni f or metlangsfpec celil,sasrsebntin Figure d@pwherCadjicent-channel interference probability is

plotted as a function of power control range.

II. - Conclusion

Herein has been disclosed a piurality of novel methodologies for managing
neighbor-changel interference. These me_thods, and combinations thereof, can be
employed with fixed and flexible, regular and non-regular channel assignment. And, they
are applicable to all channelized systems whether they employ frequency-division
multiple access or hybrid frequency-division/ time-division inultiple access,

As shown in the discussion, the methods disclosed herein can be easily combined,
as well as being combinable with embodunents of the mventxons clauned in the cross-
referenced companion applications. An example that illustrates the potential for synergy

among the several disclosed channel ménagement methodologies even better is that of a



a mx of sectorized and ommi-directional cells. An objective26MayRd04and an
opti mal non-regul ar channel assi gnnent t$ht respects adj acent channel

restrictions. Odd/even Cell Designation (from conpanion application
M Benveni st eseiiplar apstbm ars@irtagubin $ide withii i-&eGmMch LABGA, Channel
restrictions within a cell. M xed Power Control wth ﬁi&@%@ﬁ@d@’&?@%ﬁﬁgrﬂf

wi |l reduce adjiscefiseathriratebnd rdrnit difcetiogalbedive th RiGRbETs GE! k
Vertical Channel -Set Construction (from conpani on applicatron

M Benveni st ewnyregitlar ckamsil asstgnadens eeit esspeddé adjheens eRBINGE}d
adj acent channels. Finally, any channeF v Smt%ﬂgﬁé)'tt?s&e@&en Cell

Rd arf 33timal

borrowi ng schene

channel s acdsignationo(froretotpario/ epptivatites iNB¥verIstea) e IRELALI So. ensure
orientation can make this channel assignment dynam c, W thout vi oq at| ng

adj acent chaemalianes withcadjacest citdrireb rgshridtions prigse at cel ST TIweRTCdA®! with
i nvention has been described in detail, it should be understood that

vari ous charggestedyssigamenhwilhmedusa ajacentt ¢mnseiciaterfegerite dRtwédieh@i b dd1pUt
departing fromthe spirit and scope of the invention as defined by the '
appended cl #M¥s VepticaldshappelsSg Carsintion {from carnpamiom tipplivatioh M Benveniste-7)
interference .in a wirel ess conmmunicati ons network having service areas _
partiti oned YiHt ensire, that seetops of theopame callatoenot ases edjaosht phanmdls.t YFifklly, any
communi cat i %ﬁs ch%nnel s are available for allocation anong said cells, said
met hod CHARAEHFIERDOEDWERG Schemgsthalguses chamsrelssagcardingite alskl's odereven setignition

assigned a |abel corresponding to one of at |east two mutually disjoint
cat egori es, @rﬁfﬁ%’rﬁd”{)eﬂl?%gﬂj %Eéﬂ‘ﬂ-kecﬁ‘%melaﬁ%lgﬂﬂmta dyeamigi whthaut wimbating
category; c i id.cell to use channels assigned a common | abel ;
and assi gni %g&%%gr?ﬁe ‘?%*‘Iﬁ%‘b‘%"é in each said cell in conjunction with an

application of

~ Although the present embodiment of the invention has been described in detail, it
should be understood that various changes, alterations and substitutions can be made

therein without departing from the spirit and scope of the invention as defined by the

appended claims.



power control wherein high power users are assigned to | ow nafitbday 29dnnel s
in said first |abelled cells and to hi gh-nunber channels in said second

| abel | ed cells. 2. The method of managing Phterference of Claim1 wherein
sai d assi gni Gpingt ep operates to assign channels to users_in each cell in
order of decreasing distance from each said user's serving base station,
subject to a constrai ntA ibeiod JfoharGeid ' . q.corresponding to a
first of said. rutually disjoint cageggg?%%&ngglhrggg‘}el glegsc wicatians agtvprkd
to a | owest - mvileservivenareds pardtibadd Rito ansluf lobfis Wik a2 | abel .
corresponding to a second Ig‘?‘kﬂsai d nut ugllql ﬁ@f g?é#ﬁ%’vuég?g&oq perond plprality of

cel I's' user scammuaisiigathahelalkeiHaRHe Mr@ﬂ%&ti& %fcg‘?%ba%}i gh}’enghe
r ng

met hod of managing interference of Claiml erein s

channel s to be as€HHRACTERIZEDIBY: out by distributing said available
channels anong a plurality of channel sets so that each set is assigned a

| abel correspondi caysing eaahbfAGidViyaiRORAcHAnele 6 b@fasg?n&fqﬁgb%\é@r#gé@%lﬁ% 0

di sj oi nt categories, and whereby no two sets wth adjacen

| abel | ed wi tmezofsatnieast avegnntually disjbiat BEteferks0 wheRbP ol ! r f
Caim3 wherein said step of cyaluang celﬁﬁto use c%in?rgﬁeaﬁg%gl%gﬁﬁdg are
channel s is léwAkﬂéﬂﬂbﬂsam?catagm'yng each said cell to wuse channels selected
only fromone or nore of said channel sets assigned a coomon |abel. 5..
The met hod of narfEysiag eaeh said celbtecusechamiels assigned & commdiolBel; @t rol is
applied for transnmissjons froma central transmssion site to a nobile unit
(hereafter "dowfsFigRigichanagls ssussrs in eachpaidseelldn wohjunetiomivith anGmpliestion o
beyond a radial distance from said central transmission site, said radia
di stance beP(YcHEPHF "ﬂ@ﬂelggu%lsp%wi usors aghassigned po kbv-auibeethanhels in said first

ip(r)]f/vg; f g(r)ﬁtmr:z?be?lgd -clz-gl?s arI'xEdt tgqgg}ﬂmgggrac iaxqgelis ?rf se;icfl seéc%gg (Iaabct)elilecg:I c?lilsr.n L vherein
2. The method of managing interference of Claim 1 wherein said assigning
step operates to assign channels to users in each cell in order of decreasing distance from
each said user's serving base station, subject to a constraint that, for cells with a label
corresponding to a first of said mutuaily disjoint categories, said cells' users are assigned
to~ a lowest-number channel available, :_md for cells ﬁﬂl a label corresponding to a second

of said mutually disjoint categories, said cells' users are assigned to a highest-number

channel available.

3. The method of managing interference of Claim 1 wherein said‘-step of
causing channels to be assigned is carried out by distributing said available channels

among a plurality of channel sets so that each set is assigned a label corresponding to said



applied for transm ssions froma nobile unit to a central tr&6dvias200dn site
(hereafter "up- link transm ssion") only as to nobile units |ocated within
a radial distance fromsaid central transm ssion site, said radial

di st ance beiong ofet deast aes ngoua =AY : le level of . .
interference. 7. The method of @ngﬁjgéﬁn%t%%{lgggag@g%@%eﬁ NP HES ViR adigsent
channel  asshamwisdrs latiellbil vith £&Inke @ifyorear ranged in: accordance with the
met hodol ogy of said clai mupon departure” of a nobile unit fromsaid cell.
26 May 2004 36 8. A nethod of managing interference in a wreless

conmuni cati ons m‘aqtsvvork havi ng service areas partitioned into a plurality of
cell's, wherein adsecorithepmettadd 6§ nhagia | ' are avail abl e
for allocati on_am)n}% said cells, sai & nggﬁiggﬁe@gﬁp(yr?is%@ﬁgwwg%ﬁ"éﬁa@fs cp 0*1
appl yi ng poveusingerllsab ubecomnmnbniabsied RBarin@lsds dadi bhfidd ryed, by
a central transm ssion site sug’fﬂect to the fol ﬁ&e%ﬁg%%@}%nﬁcgzsgﬁocreﬁ to
transmi ssi oHée thawels sedertedabnlyr fiomndRsoomosd b sdif hafid)iseR é!s@iglhe(ﬁ AW on

|l ink") said power control is applied only as to nobile units [Focated beyond
a radi al dilabghce from said central transmission site; and for

transm ssions froma nobile unit to a central transm ssion site ("up-
link") said power control is applied only as to nobile units located within
a radial ‘distance fromsaid central transm ssion site, wherein each said
radi al distance Ps detldiermetbed ebmasagiog irsbriferencenst Glaie it tvalirein gowée ool is

I nterference. ,9. éstorage_rreans fabricated to contain a nodel for managi ng
i nt er f er enc@PPlied for fransmassions fieming canrangansetissiork site 4 ck Mok R (herdrdfecput

essenti al | Yod he ls;['f%_s of . the r’ﬁt hod for nmanagi ng such interference of
daimil own- ansmission”) only as to mobile units located beyond a radial distance from

said central transmission site, said radial distance being determined so as achieve an

acceptable level of interference.

6. The method of managing interference of Claim 1 wherein power control is
applied for transmissions from a mobile unit to a central transmission site (hereafter "up-
link transmission") only as to mobile units located within a radial distance from said
central transmission site, said radial distance being determined so as achieve an

“acceptable level of interference.

7. The method of managing interference of Claim 2 wherein channel
assignments within a cell are rearranged in‘ accordance with the methodology of said

claim upon departure of a mobile unit from said cell.
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26 May 2004 37 System And Method For Management O Nei ghbor - Chdtayed
Inter%lerence Wth Power Control And Direct®l Channel Assignment Novel
nmet hodol ogi es are provi ded for nanagi ng nei ghbor channel interference in a

. \ ( i
cel lul ar wirel ess8conmuninetol YFenaaMsingThdsenb i NC Of a seryi ce-qua
factor for a conmmunications channe? % ﬁl n sucﬂl% ﬁsﬁﬁ?mmyggénonsnetwor

met hodol ogi duvimnservivei aresSgenitibgild inkd! 3G} ﬂt}%?ﬁ% ”;%ggggg@gﬁvmlwny of

Power Control -- for overcom ng |nterference pro

convent i onal comamenicatoosr ﬂianff@l%hﬁ@bavﬂhﬁ@%?%lé@éi&fﬁ&%g %i] r edu Il'Qﬁ%hOd

nei ghbor - channel conflicts between neighboring ce
condi ti ons; camprivingtheBwpeif: Control with Directed Assignnent -- for
reduci ng nelghbor-channel i nterference between nei ghboring cells.

applying power control for transmissions to and from mobile units served by a
central transmission site subject to the following constraints:

for transmissions from a central transmission sxte to a mobile unit ("down-

lmk") said power control is applied only as to mobile umts located beyond a radial
' distance from said central transmission site; and

for transmissions from a mobile unit to a central transmission site ("up-
link") said power control is applied only as to mobﬂe units located within a radial
 distance from said central transmission s:te,

wherein each said radial distance is determined so as to achieve an acceptable

level of interference.

9. A storage means fabricated to contain a model for managing interference
in a wireless communications network, said model carrying out essentially the steps of

the method for managing such interference of Claim 1.





