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ABSTRACT

In this paperwe formulatethe problemof finding the optimal pre-

coding/multipleing stratgy in aninfrastructurelessnultiusersce-
nario as a noncooperatie game. We first considerthe theoretical
problemof maximizingmutualinformationon eachlink, given con-

straintsonthe spectramaskandtransmitpower. Then,to accommo-
datepracticalimplementatioraspectsyve focuson the competitve

maximizationof thetransmissiomateon eachlink, usingfinite order
constellationsunderthe sameconstraintaasabove plus a constraint
ontheaverageerrorprobability We provethatin bothcasesaNE al-

waysexistsandthe optimal precoding/multiplging stratey leadsto

a (purestratgyy) diagonaltransmissiorfor all the users. Thanksto

this result, we canreduceboth original complicatedmatrix-valued
gamesto a simpler unified vector power control game. Thus, we

derive sufficient conditionsfor the uniquenesf the NE of such
a game,that are proved to have a broadervalidity than conditions
known in the literaturefor specialcasesof our game. Finally, we

shawv thatthe Nashequilibriaof the vectorgamecanbereachedus-
ing the so-calledasynchronougterative watefilling algorithm.

1. INTRODUCTION AND MOTIVATION

In this paper we addressthe problem of finding the optimal pre-
coding/multipleing strateyy for a multiusersystemcomposedf a
setof Q noncooperatie widebandlinks, sharingthe samephysical
resourcese.g.,time andbandwidth.No multiplexing stratey is im-
poseda priori so that, in principle, eachuserinterfereswith each
other We considemlock transmissionsasa generalframevork en-
compassingnostcurrentschemedike, e.g.,CDMA or OFDM sys-
tems(it is alsoa capacity-losslesstrateyy for sufficiently largeblock
length). Thus,eachsourcetransmitsa codedvector
Xq = FqSq, (1)
wheres, istheN ! linformationsymbolvectorandF,istheN! N
precodingmatrix. Denotingwith H ., the channelmatrix between
sourcer anddestinationg, the sampledbasebandblock receved by
the g-th destinationis (droppingthe block index)
Q
Yq = HggXg+ Z HorgXr + Wy, (2)
rEqg=1

wherew , is a zero-mearcircularly symmetriccomplex Gaussian
white noise vector with covariancematrix ! 2. The secondterm
on theright-handsideof (2) representshe Multi-User Interference
(MUI) receved by theg-th destinatiorandcausedy theotheractive
links. TreatingMUI asadditive noise,the estimatedsymbolvector
attheg-th recever is

s,= D6y, 3)

whereG qH istheN ! N receve matrix (linearequalizerjandD [§
denoteghe decisionoperatorthatdecideswhich symbolvectorhas
beentransmitted.

The systemmodel above is sufficiently generalto incorporate
mary case®f practicalinterest,suchas: i) Digital subscribetines,
wherethe matrices(Fq)qQ: , incorporateDFT precodingandpower
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allocationwhereagheMUI is mainly causedy nearendcrosstalk;
ii) Cellularradio,wherethematrices(Fq)qQ: , containtheusercodes
within agivencell, whereaghe MUI is essentiallyintercellinterfer
ence;iii) Ad hocwirelessnetworks, wherethereis no centralunit
assigningthe coding/multipleing stratgy to the users. Moreover,
system(2) is particularly appropriatefor cognitive radio systems,
whereeachuseris allowedto re-useportionsof thealreadyassigned
spectrumin an adaptve way, dependingon the interferencegener
atedby otherusers.

Within this setup,the systemdesignconsistson finding the op-
timal matrix set(F 4, G q)qQ: , accordingto someperformancemea-
sureand optimality criterion. Aiming at finding decentralizedso-
lutions with no coordinationamongthe users,we adopt, as opti-
mality criterion, the achiezementof a NashEquilibrium (NE) [1],
andwe focuson thefollowing two stratgic noncooperatie (matrix-
value)games:G ) competitve maximizationof mutualinformation
on eachlink, given constrainton transmitpower andspectralradi-
ation mask;and &) competitve maximizationof the transmission
rate on eachlink, usingfinite orderconstellationsunderthe same
constraintsasabove plus a constrainton the average(uncoded)er-
ror probability The spectralmaskconstraintsare usefulto impose
radiationlimits over licensedbandswhereit is possibleto transmit
but only with a spectraldensitybelov a specfied value. GameG
is motivatedby the practicalneedof usingdiscreteconstellationsas
opposedo Gaussiardistributedsymbols.

Becausef theinherentlycompetitive natureof amulti-usersys-
tem, it is not surprisingthat gametheoryhasbeenalreadyadopted
to solve mary problemsin communications.A vector powver con-
trol gamewas proposedin [2] to maximizethe information rates
(underconstrainton thetransmitpower) of two usersn aDSL sys-
tem, modelledasa frequeng-selectve Gaussiarinterferencechan-
nel. The problemwas extendedto an arbitrary numberof usersin
[3]-[5]. Vectorpower control problemin flat-fading Gaussiarinter-
ferencechannelsvas addresseth [6].

The original contributions of this paperwith respecto the cur
rentliteratureon vectorgameg2]-[6] arelisted next. We consider
two alternatve matrix-valuedgameswhereasn [2]-[4], [6] the au-
thors studieda vector power control gamewhich can be obtained
from G, asspecialcase whenthe diagonaltransmissions imposed
apriori andno spectraimaskconstraint@areconsideredCorversely
we do not assumeary a priori diagonalizingschemeandour study
of gameG; is totally new. Our first contribution is to shav that
the solution set of both gamesis always nonemptyand contains
only deterministicstratgies. More important, we prove that the
diagonaltransmissionfrom eachuser through the channeleigen-
modes(i.e.,thefrequeng bins)is optimal,irrespectve of the chan-
nel state,powver budget,spectralmaskconstraintsandinterference
levels. This resultyields a strongsimplification of the original op-
timization, asit corvertsboth complicatedmatrix-valuedgamesG
and & into a simplerunified vector power control game,with no
performancepenalty Interestingly sucha simplervectorgamein-
cludesasspeciakcasesthegamesstudiedin [2]-[4], [6]. Thesecond
importantcontribution of thepapetris to provide sufficientconditions
for the uniqguenes®f the NE of our vectorpower controlgamethat
have broadervalidity thanthosegiven in [2]-[4], [6] (without mask
constraintsiand,morerecently in [5] (including maskconstraints).



Finally, we show thatthe NEs of the vector gamecan be obtained
in atotally asynchronousvay (in the senseof [9]) usingthe asyn-
chronouslterative Watefilling Algorithm (IWFA) thatwe recently
proposedo solve theratemaximizationgamein frequeng-selectve
interferencechannelq10].

2. SYSTEM MODEL AND PROBLEM FORMULA TION

Given the I/O systemin (2), we make the following assumptions:

A.1) Aiming at finding distributed algorithms,we focus on trans-
missiontechniquesvhereneitherusercoordinationnor interference
cancelationis allowed, so that MUI is treatedas additive colored
noise; A.2) Eachchannelis modeledasan FIR filter of maximum
orderL ;, andit is assumedo changesufficiently slowly to be con-
sideredfixed during the whole transmissionA.3) To facilitatesym-
bol recovery, a cyclic prefix of lengthL " L is incorporatedon
eachtransmittedblock x, in (1), so that eachmatrix H .4 in (2)
resulting after having discardedthe guardinterval at the recever,
is a Toeplitz circulant matrix. ThusH,, = WD ,.,W 7, with
W # CV" ¥ dengtingthe normalizedIFFT matrix, i.e., [W ], £
2 #DUED/NI TN fori,j = 1,...,N andD,,isaN ! N
diagonalmatrix, where[D 4], 2 W.q(k)/ 1/d7, is thefrequeng-
responsef thechannebetweersourcer anddestinatiorgincluding
the path-lossd), with exponent” and normalizedfadingt¥..,(k),
with d,., denotingthe distancebetweerthetransmitter andthere-
ceiver g; A.4) The channelfrom eachsourceto its own destination
is known to the intendedrecever, but not to the other terminals;
eachrecever is alsoassumedo getan errorfree estimateof the co-
variancematrix of the whole disturbancecomingfrom otherusers.
Basedon this information, eachdestinationcomputesthe optimal
precodingmatrix for its own link andtransmitsit backto its trans-
mitter througha low (errorfree)bit ratefeedbackchannel.

The physicalconstraintgequiredby theapplicationsare:
Co.1Maximumtransmitpower for eachtransmitteri.e.,

1
E{%,%} = ST (FFY) & Py, (4)
whereP, is powerin unitsof enegy pertransmittedsymbol,andthe
symbolsareassumedo be,w.l.0.g.,zero-mearunit enegy uncorre-

latedsymbols;i.e.,E {s,(n)sf(n)} = 1.
Co.2Spectraimaskconstraintj.e.," k # {1,...,N}

E{([WHFqsq]k(z}: [WHFqFfW]kk&ﬁg‘aX(k), (5)

wherep] # (k) representthe maximumpaower thatis allowedto be
allocatedon the k-th frequeng bin from the g-th usert Constraints
in (5) areimposedby radiospectrunregulationsandattemptto limit
theamountf interferencegeneratedby eachtransmitterover some
specfliedfrequeng bands.
Co.3Maximumtolerable(uncodedymbolerrorrate(SER)oneach
link, i.e.,

Pe,q(k) £ Prob{#,(k) € s,(k)} & P/,

where§, (k) is thek-th entryof §, given in (3).

"k#{1,...,N},
(6)
2.1. Competitive maximization of mutual information

In this sectionwe focuson the fundamenta(theoretic)limits of sys-
tem(2), underA.1-A .4, andconsiderthe competitive maximization
of informationrateof eachlink, given constraint€Co.1, Co.2 Itis
straightforvardto seethata (pureor mixedstratgy) NE is obtained
if eachusertransmitsusing Gaussiarsignaling,with a properpre-
codingF,. Hence,given A.4, the mutualinformationfor the g-th
useris

1
lo(FaFeq) = < log (|1 + FIHERE IHF,

) @

1 A
Obsere thatif (1/N)
WHFFE W i

. Pg (k) ! Pq, we obtainthe trivial solution

C = ﬁ;na)((k)’ "k

whereRy , £ 171+ 3, H.F,F'H} is theinterferenceplus
noisecovariancematrix, obseredby userg, andFs , £ (F r)?t =1
is the setof all the precodingmatricesgxcepttheg-th one.Obsene
that, for eachlink, we canalwaysconsiderthatthe recever is com-
posedof an MMSE stageplus someotherstage sincethe MMSE is
capacity-losslessThus,w.l.0.g.,we assumen thefollowing that

Gq= Riclequq(H'FfHZIRzzHFQ)#l’ "a#{1....Q}.

Hence,the stratgy of eachplayer amountsto finding the ((3%)_
timal precodingF , thatmaximizesl 4(F 4, F# ) in (7), undercon-
straintsCo.1andCo.2 Statedin mathematicaterms,we have the
following stratgic noncooperatie game

maxFimize lq(Fq. Fzq)
q

(G): ;
subjectto F,# F g,

q#l, 9)

where! £ {1,...,Q} is thesetof players(i.e., thelinks), I4(Fq,
F4 4) is the payof functionof playerq, givenin (7), andF 4 is the
setof admissiblestratgiesof playerq, definedas

Fo2 {Fqo#t CV' N (UN)Tr(F,FL) & Py,
WHFFIW], &P (k), ' k= 1,484,N}.

Thesolutionsto (9) arethewell-known NashEquilibria[1]. Ob-
sene that, for the payof functionsdefinedin (7), we canlimit our
selesto adoptpurestratgiesw.l.0.g.,aswe did in (9), sinceevery
NE of thegameis proved to be achievableusingpurestrateies([7].

(10)

2.2. Competitive maximization of transmissionrates

The optimality criterion chosenin the previous sectionrequiresthe
use of an ideal Gaussiancodebookwith a propercovariancema-
trix. In practice,Gaussiarcodesare substitutedwith simple (sub-
optimal) finite order signal constellationssuchas QuadratureAm-
plitude Modulation(QAM) or PulseAmplitude Modulation(PAM),
and practical(yet suboptimal)coding schemesHence,in this sec-
tion, we focuson the morepracticalcasewherethe informationbits
aremappedonto constellationof finite size,and considerthe opti-
mizationof thetransceiers(F 4, G 4)¢s: , in orderto maximizethe
transmissiomateon eachlink, underconstraint€0.10 Co.3,

Given the signal model in (2), wherenow eachvectors, £
(s4(K))A 1 is drawn from a set of finite-constellationg G ) 7= 1
, i.e., sq(k) # G q, the transmissiorrate of eachlink is trivially
defined as the numberof transmittedbits per symbol,i.e., ry =
ZQ’Z 1100, (|G 41), where|G; 4| denotesthe size of the constella-
tion G, 4. In [7], we proved that,underthe Gaussiarassumptioron
MUI, theoptimallinearrecever G, for eachuserq, giventhesetof
precodingmatrices(Fq)q$! andthe constellationgG,,,) i- 1,481
is thewell-known Wienerfilter, definedin (8). UsingsuchaG 4, and
assumingontinuoudit distribution obtainecdby thegapapproxima-
tion [11, 12], the optimal setof precodingmatrices{ F,} becomes
the solutionof thefollowing strateyic noncooperatie game[7]:

rq(qu Fu q)

maxFimize
q
subject to Fg# F g,

(&) : ‘q#!, (11)

whereF , is given in (10) andthetransmissionater,(F 4, F# ¢) is

definedas v
1 SINRy, o(F 4, F
rq(Fq,Feq) = N Zlog2 (1+ M)
k=1

with " ; " 1 denotingthe gap (which dependsnly on the constel-
lationsandon P/, [11, 12]) and

. (12)

1
[(1+ FAHERE (HaoF ) 1],

SINRy 4(F g, Fs ) = ) L (13)

Asin (9), in thefollowing we focuson purestrategiesonly.



3. OPTIMALITY OF DIAGONAL TRANSMISSION
Thefollowing Theoremprovidesthe optimal structureof precoding
matrices(F ;)45 for bothgamesG, andG [7].

Theorem1 Anoptimalsolutionto thematrix-valuedgamess, and
G is

Fq= W /diag(p,), 'q#!,
whee p 2 (pg)gs: , Withp, £ (p,(k))2 ;, is solutionto the
vectorvaluedgameG, debnedas

(14)

maxpimize Rq(Pq, P#q)

(G): Pa
subject to pg,# P4

. 'q#!, (@15)

where Rq(p4, p# ¢) and P 4 are the payof functionand the setof
admissiblestrategiesof userq, respectivelydebnedas

1 & 1
Ry(p.Pr o) = > log (1+ ..—sinrq(k)), (16)
k=1 q

and
A N . 1 = max '
P o2 pa#RY: T > po(k) & 1, 0& py(k) & p7™ (k). "k ¢,
k=1
17)
with pI (k) £ p* (k)/ Py,
2
dinry(k) & — HauOPRuK) as)
1+ 3 e o Heg(K)7 pr(K)
whee Hrq(k) £ H,q(k),/P./ (12d]y), and"; = 1if G is

consideed.

Accordingto Theoreml, a NE of bothgamesG, andG; is reached
using, for eachuser a diagonaltransmissiorstrategy throughthe
channeleigenmodegi.e., the frequeny bins), irrespectve of the
channelrealizations,powver budget, spectralmask constraintsand
MUI. This resultsimplifiesthe original matrix-valuedoptimization
problems(9) and(11), asthe numberof unknawvns for eachuserre-
ducesfrom N2 (the original matrix F ;) to N [the power allocation
vectorp, = (pg(k))i 11, with no performancdoss. It is straight-
forwardto seethata NE of both matrix-valuedgamesexistsif the
solutionsetof G is nonempty Moreover, the Nashequilibriaof G,

if they exist, mustsatisfythe watefilling solutionfor each useri.e.,

thefollowing systemof nonlinearequations! q# ! ,

Py = WF, (P, ... PG) = WFy(pi,),

with thewateffilling operatoWF, (§ definedas:

P 1 Pos1s .- (19)

30 Heg(OPpo(k) 774
H o ()P

1
[WFq (p# q)]k £ Uq ) " q
° (20

withk # {1,...,N}. In(20),[x]" denoteghe Euclidearprojection
of x ontotheintenval [a, b]. Thewaterlevel |, is chosento satisfy
the power constrain{1/ N ) ij: L Ps(k) = 1.

Thefull characterizatiorof the gameG in termsof conditions
for the existenceand uniquenes®f a NE [solution to (19)] along
with distributed algorithmsableto corverge to theseequilibria are
given in theforthcomingsections.

4. EXISTENCE AND UNIQUENESSOF THE NE

Before providing conditionsfor the uniquenes®f the NE of game
G, weintroducethefollowing intermediatedefinitions. Let Df''" *
{1,484,N} denotethe set{1,...,N} deprived of the carrierin-
dicesthat userq would never useasthe bestresponsesetto ary

stratgjies adoptedby the otherusers,for the given setof transmit
power andpropagatiorchanneld7]:

DM 2 fk#{1,...,N} : [WF, (p# )], € Ofor someps o # P 44},
(21)

with WF, (§ definedin (20)andP 4, 2 P 1! 884! P 1!
Pg1! @& P . In[7], we suggestedn iterative procedureto
obtaina setD, suchthatDg"" * D, * {1,488 ,N}. We also
introducethematrix S(k) # R®" @, definedas

[M,q(K)|? dg, P

" —Z if k# D, + D, andr ,
[S(k)lqré{ " 1o d, P, “ €a

, otherwise,

(22)
whereeachsetD, canbechoserasary subsebf {1,844, N} such
thatDy'" * Dy * {1,848, N}, with D7'" definedin (21). The
studyof gameG is addresseth thefollowing.

Theorem2 ([7]) GameG admitsa nonemptysolution setfor any
givensetof channels spectal maskconstaints andtransmitpower
of theuses. Furthermog, the NE is uniqueif

#(S(k) <1,  'k#{1,...,N}, (C1)
wheee S(k) is debnedin (22) and #(S(k)) denoteshe spectal ra-
diusof S(k).

We provide now alternatve sufficientconditionsfor Theorem2. To
this end,we firstintroducethe matrix S"# # R®" 9, definedas
otherwise,

" |94 (K)I? dgy P,
[Smax]qr 2 q
0,
23)

max -,
k$ D q%D “'qjqq(k)lz dgq Pq
with the corventionthatthe maximumin (23)is zeroif D, + D(T is
empty Then,we have thefollowing corollary of Theorem?2 [7].

ifrea

Corollary 1 A sutxcientconditionfor (C1)is:

#(S"™) < 1, (C2)

whee S™# is debnedin (23).

Remark 1- Physical interpretation of uniquenessconditions: As
expectedtheuniquenessf NE is ensuredf thelinks aresuficiently
far apartfrom eachother Infact,from (C1), (C2),onecanshaow that
thereexistsaminimumdistancebeyondwhichtheuniquenessf NE
is guaranteedgorrespondingo the maximumlevel of interference
that may be toleratedby the users(seealso[7] for more intuitive
but strongersufficient conditions). This resultagreeswith the fact
that, asthe MUI becomesagligible, the ratesR, in (16) become
decoupledandthenthe rate-maximizatiorproblemin (15) for each
useradmitsa uniquesolution. But, the mostinterestingresultcom-
ing from conditions(C1), (C2) is thatthe uniquenes®f the equi-
librium is robustagainstthe worstnormalizedchannelgH ., (k)|*/
[H 4, (k) |?; in fact, the subchannelsorrespondindo the highestra-
tios|H 4(k) |2/ [H 44 (K)|? (and,in particular the subchannelshere
|H 4¢(k)|? is vanishing)do not necessarilaffect the uniquenessas
their carrierindicesmay not belongto the setD]''". This desired
propertyis alsoconfirmedby the numericalexampleshavn in Fig.
1, wherewetestedherangeof validity of uniquenessondition(C1)
over a setof channelimpulseresponsegenerateds vectorscom-
posedof i.i.d. complex Gaussiarrandomvariableswith zeromean
andunit variance More speciically, in the figurewe plot the proba-
bility thatconditions(C1)is satigiedversugheratiod,,/ dqq (Which
measuretiow far apartthe links arefrom eachother),for anetwork
composedf Q = 15 active links. We testedour conditionscon-
sideringthe setD, obtainedusingthe algorithmgiven in [7]. We
cansee,from Fig. 1, thatthe probability thatthe NE is uniquein-
creasessthe links becomemoreand moreseparateaf eachother
(i.e., theratiod,,/ d,, increases).Furthermorewe canverify that
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condition (C1) exhibits a neatthresholdbehaior sinceit transits
very rapidly from the non-uniquenesguarantedo the almostcer
tainuniquenessastheinteruserdistanceatiod,,/ d,q increasedy
a small percentage This shavs thatthe uniquenesgondition (C1)
dependsfundamentallyon theinterlink distanceratherthanon the
channelrealization.
Remark 2 - Comparison with previous conditions: Theorem2
unifiesand generalizesnary existenceand uniquenessesultsob-
tainedin the literature[2]-[6] for specialcasesf gameG in (15).
Speciically, in [2]-[4] a gameasin (15) is studied,whereall the
playersareassumedo have the samepower budgetandno spectral
maskconstraintsareconsideredi.e., p;* (k) = +, ,'k,q]. Un-
derthis assumptionsthe authorsproved thatthe NE of suchagame
existsandis uniqueprovidedthatthefollowing conditionis satigied

[2,3]:" r,g€Er#!,
" M4:q(K)[? | dgq Py 1
LS S8 I —_ < —
s (o) {|qu(k)|2 de, P, 0 Q) 1
In the specialcaseof flat-fading channels(i.e., W,,(k) = .4,

' r,q), the authorsin [6] proved thatthe NE of the gamein [2, 3]
is unigueunderthefollowing condition

Q 2 Ao
" |I-¢7‘Q| dqq P’r < 1 ' # 1
! T:;,: q ||'¢qq|2 dgq Pq ’ a
It is straightforvardto seethatour condition(C1) hasa broaderva
lidity thanboth (C3)and(C4)[7, Corollary 3], derived understrong
constraintsjncorporating,e.g., spectralmasks. Recently alterna-
tive sufficient conditionsfor the uniquenes®f the NE of gameG
weregiven in [5]. Amongall, aneasyconditionto bechecledis the
following:
I + H (k) is positve definitefor allk # {1,...,N},
whereH (k) is definedasin (22), with eachD, = {1 ,N}.
In Fig. 1, we compareourcondltlon(Cl) with (CS) and (C5).
We cancheckthat (C1) hasa muchhigherprobability of beingsat-
isfied than (C3) and (C5). As an example,for a probability 0.99
of guaranteeinghe uniqguenes®f the NE, condition (C1) requires
drq/ dgq - 4 whereasconditions(C3) and(C5) required,.q/ dgq >
50 andd,./dgq - 50, respectiely. Furthermorethis difference
increasesisthe numberQ of links increase$7].

= 2.5,

(C3)

(C4)

(C5)

5. ASYNCHRONOUS IWFA

The NE points of the gameG in (15) can be computedusing the
asynchronou$WFA, proposedn [10]. Thealgorithmis aninstance
of the totally asynchronouschemeof [9]: all the usersmaximize
theirown rate(16) in atotally asynchronousvay via the singleuser
wateffilling solution (20). According to this asynchronougproce-
dure,someusersareallowedto updatetheir stratgly more frequently
thantheothers andthey might performtheseupdatesisingoutdated
information on the interferencecausedfrom the others. Interest-
ingly, whatever the asynchronousnechanisnis, sucha procedure

corvergesto a stableNE of the gameG, underthe following mild
conditionson the multiuserinterferencg10].

Theorem 3 Assumehat condition (C2) of Corollary 1 is satidred.
Then,the asyn&ironousIWFA of [10] asymptoticallycorverges to
the uniqueNE of gameG, for any setof initial feasibleconditions
andupdatingschedule

Remark 3: Distrib uted nature and robustnessof AIWFA. Since
theasynchronou$WVFA isbasednthewateffilling solutionin (20),

it canbeimplementedn a distributedway, sinceeachuser to max-
imize its own rate, only needsto locally measurethe PSD of the
interference-plus-nois@ee(18)) andwateffill over this level. More

interestinglyall thealgorithmsresultingasspecialcaseof theasyn-
chronous WFA, suchasfor examplethe sequential WFA [2, 3, 8]

or the simultaneoudWFA [8], are guaranteedo reachthe unique
NE of the gameG, underthe samesetof corvergenceconditions
(cf. Theorem3). By directproductof this generalizedramework,

oneinfer thatthe corvergencefor thesetwo algorithmsis robustto
situationswheresomeusersmay fail to follow the sequentiabr si-
multaneousschedulingof updates.Whatis affectedin this caseis
only the corvergencetime.

6. CONCLUSIONS
In this paper we have formulatedthe problemof findingthe optimal
structureof linear transcerersin a multipoint-to-multipointwide-
bandnetwork, asa stratgjic non-cooperatie game.We first consid-
eredthe theoreticalproblemof maximizing mutualinformationon
eachlink, given constraintonthespectraimaskandtransmitpower.
Then,we focusedon the competitve maximizationof thetransmis-
sion rate on eachlink, using finite order constellationsunderthe
sameconstraint@sabove plusaconstrainbntheaverageerrorprob-
ability. We fully characterizedoth gamesby providing a unified
expressionfor the optimal structureof the linear transcerers and
deriving conditionsfor the uniquenessf the NE. Then,we shaved
thatthe NE of thegamecanbereachedisingatotally asynchronous
iterative watefilling basedalgorithm.
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