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Abstract—Owing to its unparalleled tractability, the Poisson
point process (PPP) has emerged as a popular model for the
analysis of cellular networks. Considering a stationary point
process of users, which is independent of the base station (BS)
point process, it is well known that the typical user does not lie
in the typical cell and thus may not truly represent the typical
cell performance. Inspired by this observation, we present a
construction that allows a direct characterization of the downlink
performance of the typical cell. For this, we present an exact
downlink analysis for the 1-D case and a remarkably accurate
approximation for the 2-D case. Several useful insights about the
differences and similarities in the two viewpoints (typical user
vs. typical cell) are also provided.

Index Terms—Stochastic geometry, typical user, cellular net-
work, user point process, coverage probability.

I. INTRODUCTION

The previous decade has witnessed a significant growth in
research efforts related to the modeling and analysis of cellular
networks using stochastic geometry. A vast majority of these
works, e.g., [1], [2], rely on the homogeneous PPP model for
the BS locations. The user locations are then modeled as a
stationary point process that is assumed to be independent of
the BS process. Given the stationarity and independence of
the user point process, the concept of coverage of the typical
user and coverage of an arbitrary fixed location are identical.
As a result, one does not need to explicitly consider Palm
conditioning on the user point process and the analysis can just
focus on the origin as a location of the typical user. However,
it is well known that the origin falls in a Poisson-Voronoi (PV)
cell that is bigger on an average than the typical cell [3], called
the 0-cell. Therefore, this approach does not characterize the
performance of the typical cell, which is the main focus of
this letter.

One way of characterizing the typical cell performance is
to consider a user distribution model that places a single user
distributed uniformly at random in each cell independently
of the other cells. This user process can be interpreted as the
locations of the users scheduled in a given resource block. One
can also argue that this point process is at least as meaningful
as the one discussed above because practical cellular networks
are dimensioned to ensure that the load of each cell is almost
the same. Similar to [4], we refer to this user process as Type I
user process and the aforementioned independent user process
as Type II user process. Given that the 0-cell is statistically
larger than the typical cell, it is easy to establish that both
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the desired signal power and the interference power observed
at the typical user of the Type I process will (stochastically)
dominate the corresponding quantities observed by the typical
user of the Type II process. While the downlink analysis of the
Type II user process is well understood, this letter deals with
the downlink coverage analysis for the Type I user process.

Related Works: The downlink analysis of cellular networks
with the Type II user process involves using the contact
distribution of the PPP to characterize the link distance, and
using Slivnyak’s theorem to argue that conditioned on the link
distance, the point process of interferers remains a PPP [1].
While the idea of using the Type I user process is relatively
recent, there are two noteworthy works in this direction.
First and foremost is [4], which defined this user process
and used it for the uplink analysis. This idea was extended
to the downlink case in [5], where the meta distribution
of the signal-to-interference ratio (SIR) is derived using an
empirically obtained link distance distribution (for the Type I
process) and approximating the point process of interferers
as a homogeneous PPP beyond the link distance from the
location of the typical user. In [6], we derived the exact
integral expression and a closed-form approximation for the
link distance distribution for the Type I user process. Building
on the insights obtained from [5], [6], we provide an accurate
downlink analysis for the Type I user process in this letter.

Contributions: The most important contribution of this letter
is to demonstrate that the well-accepted way of defining the
typical user by considering an independent and stationary
point process of users is not the only way of analyzing cel-
lular networks modeled as point processes. In particular, this
construction does not result in the typical cell performance.
In order to highlight the finer differences between the two
viewpoints, we first present the exact analysis of the Type I
process for the 1-D case. Leveraging the qualitative insights
obtained from the 1-D case, we perform an approximate yet
accurate analysis for the Type I user process in a 2-D cellular
network. In particular, for the Type I process, we empirically
show that the point process of interfering BSs given a distance
Ro between user and serving BS exhibits a clustering effect
at distances slightly larger than Ro that is not captured by
a homogeneous PPP approximation (beyond Ro) as used in
[5]. Using this insight, we propose a dominant-interferer based
approach in order to accurately approximate the point process
of interferers. This approximation allows us to accurately
evaluate the interference received by the user conditioned on
the link distance, which subsequently provides a remarkably
tight approximation for the 2-D case.
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II.SYSTEMMODELANDPRELIMINARIES

WeassumethatthelocationsofBSsformahomogeneous
PPPΨ≡{x1,x2,...}ofdensityλonRdford∈{1,2}.The
PVcellwiththenucleusatx∈Ψcanbedefinedas

Vx={y∈Rd:y−x ≤ x−y,∀x ∈Ψ}. (1)

SincebySlivnyak’stheorem[7],conditioningonapointis
thesameasaddingapointtoaPPP,wefocusonthetypical
cellofthepointprocessΨ∪{o}ato,whichisgivenby

Vo={y∈Rd:y ≤ x−y,∀x∈Ψ}. (2)

Henceforth,weconsiderΦ=Ψ∪{o}.Further,let̃Vobethe
cellofthePVtessellationofΨ containingtheorigin,called
the0-cell. Withoutlossofgenerality,thetypicaluserfrom
theTypeIIuserprocesscanbeassumedtobelocatedatthe
origin(see[1])whichmeansitresidesinthe0-cellṼo.Now,
wedefineTypeIuserpointprocessas

Ω {U(Vx):x∈Φ}, (3)

whereU(A)isthepointchosenuniformlyatrandomfromthe
setAindependentlyfordifferentA.Notethatthetypicaluser
fromtheTypeIuserpointprocessΩrepresentsauniformly
randompointinthetypicalcell.

Bytheaboveconstruction,thelocationofthetypicaluser
inthetypicalcellbecomesy∼ U(Vo)andΨ becomesthe
pointprocessofinterferingBSstothetypicaluseraty∈Vo.
LetRo denotethelinkdistance,i.e.,thedistancefromthe
BSofVo (i.e.,theorigin)totheuseraty. Weconsiderthe
standardpowerlawpathlossmodelwithexponentα>2for
signalpropagation.Further,assumingindependentRayleigh
fading,we modelthesmall-scalefadinggainshx associated
withthetypicaluserandtheBSatx∈Φasexponentially
distributedrandomvariableswithunitmean. Weassume{hx}
areindependentforallx∈Φ.Thus,SIRatthetypicaluser
locatedaty∈Voinaninterference-limitedsystemis

SIR=
hoR−α

o

x∈Ψ

hx x−y−α
. (4)

Definition1. Thecoverageprobabilityistheprobabilitythat
theSIRatthetypicaluserisgreaterthanathresholdτ.

Intherestofthissection,webrieflydiscussthecoverage
probabilityoftheTypeIIprocess.

Bydefinition,thelinkdistanceofthetypicaluserofthe
TypeIIuserprocessisR̂o= x wherex∈Ψistheclosest
pointtotheorigin.Thecumulativedistributionfunction(CDF)
ofR̂o(i.e.,thecontactdistribution)is1−exp(−λκdrd)[7],
whereκ1 =1 andκ2 = π.Thecoverageprobabilityofthe
TypeIIprocessinthed-dimensionalPoissoncellularnetwork
isgivenby[1]

Pd
II(τ) P[SIR>τ]=1+τ

d
α

∞

τ
d
α

1

1+u
α
d

du
−1

.(5)

Notethat[1]isfocusedonthecaseofd=2buttheextension
tothegenerald-dimensionalcaseisstraightforward.Pd

II(τ)
canalsobeinterpretedasthefractionofthecoveredarea.

III. COVERAGEANALYSISOFTYPEIUSERPROCESS

Inthissection, wepresenttheexactandanapproximate
(yetaccurate)coverageanalysisoftheTypeIuserprocessfor
d=1andd=2,respectively.

A.ExactCoverageAnalysisford=1

Webeginourdiscussionwiththedistributionoftheserving
linkdistanceconditionedonthedistancesfromthetypicalBS
attheorigintotheneighboringBSs(onefromeachside).Let
R1andR2bethedistancesfromthetypicalBStothesetwo
neighboringBSs.SinceΦisaPoissonprocessonR,R1and
R2arei.i.d.exponentialwithmeanλ−1.Thejointdistribution
ofR1andR2conditionedonR1<R2is

fR1,R2(r1,r2)=2λ2exp(−λ(r1+r2)),r2≥r1≥0.(6)

Theservinglinkdistancedistributionfortheuseraty∼
U(Vo),where|y|=Ro,conditionedonR1andR2becomes

FRo
(Ro≤r|R1,R2)=






4r
R1+R2

, ifR1

2 ≥r≥0,
2r+R1

R1+R2
, ifR2

2 ≥r>R1

2,

1, ifr>R2

2.

(7)

Now,wepresenttheexactcoverageprobabilityoftheTypeI
processinthefollowingtheorem.

Theorem1. ThecoverageprobabilityoftheTypeIprocess
ina1-DPoissoncellularnetworkis

P1
I(τ)=

∞

0

r2

0

P[SIR>τ |r1,r2]fR1,R2(r1,r2)dr1dr2,(8)

wherefR1,R2(r1,r2)isgivenby(6),

P[SIR>τ |r1,r2]=

r1
2

0

LI(τrα |r1−r,r2+r)
2

r1+r2
dr

+

r2
2

0

LI(τrα |r1+r,r2−r)
2

r1+r2
dr, (9)

andLI(s|u,v)=
exp −λ

∞

u
sdr

rα+s−λ
∞

v
sdr

rα+s

(1+su−α)(1+sv−α)
.(10)

Proof:LetxlandxrbetheneighboringinterferingBSsto
thetypicaluseraty∈VoinΨ1andΨ2,respectively,where
Ψ1 = Ψ∩R− andΨ2 = Ψ∩R+.LetR̃1 = |xl−y|and
R̃2=|xr−y|.Thus,theaggregateinterferencecanbewritten
asI=I1+I2 whereI1=hxl

R̃−α
1 + x∈Ψ1\{xl}

hx|x−

y|−α andI2=hxr
R̃−α

2 + x∈Ψ2\{xr}hx|x−y|−α.Now,the

Laplacetransform(LT)ofI1conditionedonR̃1is

LI1
(s|̃R1)=E



e−shxl
R̃ α

1

x∈Ψ1\{xl}

e−shx|x−y|α

|̃R1





(a)
= Eh[esh̃R α

1 ]E





x∈Ψ1\{xl}

Eh[e−sh|x−y|α

]|̃R1





(b)
=

1

1+s̃R−α
1

exp −λ
∞

R̃1

sdr

rα+s
,

where(a)followsfromtheindependenceofthefadinggains
and(b)followsfromthe LTofanexponentialr.v.and
theprobabilitygeneratingfunctional(PGFL)ofthePPP[7].
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Figure1. Left:Thepcfofthepointprocessofinterferersobservedbyauser,fromtheTypeIprocess,havinglinkdistanceRo∈{0.3,0.6}.Middle:
DistributionsofdistancestotheservinganddominantinterferingBSsfromthetypicaluseroftheTypeIforλ=1.Right:CDFofdesiredsignaland
interferencepowersreceivedbythetypicalusersoftheTypeIandIIprocessesforλ=10 5andP=30dBm.

Similarly,weobtaintheLTofI2conditiononR̃2.TheLTof
theaggregateinterferencefor̃R1=uandR̃2=visgivenby
(10).ForgivenR1andR2,thecoverageprobabilitybecomes

P[SIR>τ|R1,R2]=ERo LI(τr
α|̃R1,̃R2)|R1,R2 .

Finally,bydeconditioningtheaboveequationoverthejoint
distributionofR1andR2givenin(6),weobtain(8).
Fromtheaboveanalysis,itisevidentthattheexactanalysis
oftheTypeIprocessrequiresconditioningonthelocationsof
alltheneighboringBSsaroundVo.Whilethiswasmanageable
in1-D,itbecomessignificantlymorecomplicatedford>1,
whichpreventsanexactanalysis.Inthenextsubsection,we
presentanewapproximationthatleadstoatightcharacteri-
zationoftheTypeIuserperformanceford=2.

B.ApproximateCoverageAnalysisford=2

Thecoverageanalysisrequiresthejointdistributionofthe
distances x−y,x∈Ψ,andthelinkdistanceRo= y of
thetypicaluseraty∼ U(Vo).Thus,wefirstdiscussthe
distributionofRoandthenapproximatethepointprocess
ofinterferersΨ conditionedonRo.Finally,usingthese
distributions,wepresenttheapproximatecoverageanalysis.
1)Approximationofthelinkdistancedistribution:In[6],

wederivedanexactexpressionforthedistributionofRowhich
involvesmultipleintegrals.Therein,wealsoderivedaclosed-
formexpressiontoapproximatetheCDFofRowhichis

FRo(r)≈1−exp−πρoλr
2 ,forr≥0, (11)

whereρo=
9
7isthecorrectionfactor(CF),whichcorresponds

totheratioofthemeanvolumesof̃VoandVo.
2)ApproximationofthepointprocessofinterferersΨ:
Tounderstandthestatisticsofthepointprocessofinterferers
observedbythetypicaluseraty∈Vo,weanalyzethepair
correlationfunction(pcf)ofΨ=Φ\{o}withreferenceto
y∈Vowhichis[7]

g(r|Ro)=
1

2πr

dK(r|Ro)

dr
,forr>Ro,

whereRo= y,K(r|Ro)=E[Ψ(By(r))|Ro]isRipley’s
KfunctiongivenRoandBy(r)isthediskofradiusrcentered
aty.Fig.1(Left)showsthesimulateduser-interferingBS
pcfconditionedonRo.Fromthefigure,itiseasytointerpret
thatthepointprocessofinterferersexhibitsaclusteringeffect
atdistancesslightlylargerthanRo andcompletespatial
randomnessforr Ro.Theexactcharacterizationofsuch
pointprocessiscomplexbecauseofthecorrelationinthe

points(inΨ)thatformtheboundariesofVo(asseenby
thetypicaluseraty∈Vo).Therefore,inordertoaccurately
evaluatetheinterferencereceivedbythetypicaluser,weneed
tocarefullyapproximatethepointprocessofinterferersas
seenbythetypicaluser.
Anaturalcandidatefortheapproximationishomogeneous
PPPofdensityλoutsideofBy(Ro)[5].Henceforth,werefer
tothisapproximationasApp1.App1ignorestheclustering
effect(seeFig.1(Left))andthusunderestimatestheinterfer-
ence.Therefore,inordertocapturetheeffectofclusteringto
somedegree,weexplicitlyconsidertheinterferencefromthe
dominantinterfereratdistanceR1=argminx∈Ψ x−y and
approximatethepointprocessofinterfererswithhomogeneous
PPPofdensityλoutsideBy(R1).Wecallthisapproximation
App2.Now,thecrucialpartistoobtainthedistributionofR1.
GiventhecomplexityoftheanalysisofRo[6],itisreasonable
todeducethattheexactcharacterizationofthedistributionof
R1isequally,ifnotmore,challenging.Thus,weobtainan
approximatedistributionofR1asfollows.
TheCDFofRo,givenin(11),isthesameasthecontact
distributionofPPPwithdensityρoλ.Therefore,usingthis
andtheargumentofclusteringdiscussedabove,theCDFof
Ri(distancetothei-thclosedpointinΨfromtheuserat
y∈Vo)canbeapproximatedbyinsertinganappropriateCF
ρitotheCDFofthe(i+1)-thclosestpointtotheoriginin
thePPP.Fromg(r|Ro)↓1asr→ ∞,wehaveρi→ 1as
i→ ∞. Whileρ1=1.31givesthebestfitfortheempirical
CDFofR1,weapproximateρ1byρoforsimplicity.Now,the
CDFofR1conditionedonRocanbeapproximatedas[8]

FR1(v|Ro)=1−exp−πλρo(v
2−R2o)forv≥Ro,(12)

andthustheapproximatedmarginalCDFofR1becomes

FR1(v)=1−(πλρov
2+1)exp −πλρov

2 forv≥0.(13)

Fig.1(Middle)showstheaccuracyoftheapproximatedCDFs
ofRoandR1givenin(11)and(13).Fig.1(Left)showsthat
App2providesaslightlypessimisticestimateofpcfbecause
ofwhichitwillslightlyunderestimatetheinterferencepower.
3)CoverageProbability:Now, wederivethecoverage
probabilityoftheTypeIprocessusingthedistributionof
linkdistanceRo,givenin(11),andtheapproximatedpoint
processofinterferersApp2,discussedinSubsectionIII-B2,in
thefollowingtheorem.

Theorem2.ThecoverageprobabilityoftheTypeIprocess
ina2-DPoissoncellularnetworkcanbeapproximatedas
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Figure2. CoverageprobabilityoftheTypeIandtheTypeIIprocesses.

P2I(τ)=ρ
2
oτ
−δ

τδ

0

(̃β(t)+ρo)
−2

1+t
1
δ

dt, (14)

whereβ̃(t)=t
∞

t1
1

1+u
1
δ
duandδ= 2

α.

Proof:Letx̃bethedominantinterferingBSsuchthat
x̃−y =R1. Wewritetheinterferencereceivedbythe
userwithlinkdistanceRoasI(Ro)=h̃xR

−α
1 +I(̃Ψ)where

Ψ̃=Ψ\{̃x}andI(̃Ψ)= x∈Ψ̃hx x−y
−α.Thus,the

coverageprobabilityconditionedonRoandR1becomes

P2I(τ|Ro,R1)=P[ho>τR
α
oI(Ro)]

=Lh̃x(τ(Ro/R1)
α)LI(̃Ψ)(τR

α
o|R1). (15)

Now,theLTofI(̃Ψ)atτRαoforgivenR1canbeobtainedas

LI(̃Ψ)(τR
α
o|R1)

(a)
=ẼΨ

x∈Ψ̃

1

1+τRαo x−y
−α

(b)
=exp −λ

R2\By(R1)

1

1+τ−1R−αo x−yα
dx

(c)
=exp −2πλR2oτ

δ
∞

τ δ(R1/Ro)2

1

1+u
1
δ

du , (16)

where(a)followsduetotheindependenceofthepowerfading
gainsandtheLTofanexponentialr.v.,(b)followsusingthe
App2andthePGFLofthePPP[7],and(c)followsthrough
thesubstitutionofx−y=zandthenusingCartesian-to-
polarcoordinateconversion.Now,substituting(16)alongwith
Lh̃x(τ(Ro/R1)

α)= 1
1+τ(Ro/R1)α

in(15)andfuthertaking
expectationoverR1andRoyieldsthecoverageprobability
asP2I(τ)=

(2πλρo)
2

∞

0

∞

r

exp−πλr2β(τ,r,v)−πλρov
2

1+τ(r/v)α
vdvrdr,

whereβ(τ,r,v)=τδ
∞

τ δ(vr)
2

1
1+u1/δ

du.Now,byinterchang-

ingtheorderoftheintegralsandfurthersimplification,we
obtain(14).Thiscompletestheproof.

IV.NUMERICALRESULTSANDDISCUSSION

Fig.1(Right)showsthatthedesiredsignalpowerand
interferencepowerreceivedbythetypicalusersoftheType
IandtheTypeIIprocessesaresignificantlydifferent(by2-3
dB).Giventhefundamentaldifferencesintheconstructions
ofthesetwoprocesses,thisobservationisnotsurprising.Fig.

2showsthatthecoverageprobabilitiesforthetwoprocesses
arefairlysimilar,especiallyforhighervaluesofα. Thisis
mainlybecausethedesiredsignalpowerandtheinterference
fromafewdominantinterferingBSsscaleupbyalmost
thesamefactorsinthetwocases(notethatρ1≈ρo)and
afewneighboringinterferingBSsdominatetheaggregate
interferenceforhighervaluesofα.Akeypointtonotehere
isthatthefactthatthecoverageprobabilitiesaresimilarin
thetwomodelsdoesnotimplythattheotherperformance
measureswillalsobeclose.Finally,notethatApp2results
inaslightlyhighercoverageprobabilitysinceitslightly
underestimatesthepcfofthepointprocessofinterferers(refer
Fig.1(Left)).Besides,forthenoise-limitedscenario,thegap
betweenthecoverageprobabilitiesfortheTypeIandTypeII
processesisessentiallythegapinthedesiredreceivedpowers
oftheseprocesses,whichisillustratedinFig.1(Right).

V.CONCLUSION

Inthisletter,wehaverevisitedthedownlinkanalysisof
cellularnetworksbyarguingthatthetypicaluseranalysisin
thepopularapproachofconsideringastationaryandindepen-
dentuserpointprocessresultsintheanalysisofthe0-cell,
whichisbiggeronaveragethanthetypicalcell.Inorderto
characterizetheperformanceofthetypicalcell,weconsidera
recentconstructioninwhicheachcellisassumedtocontaina
singleuserdistributeduniformlyatrandomindependentlyof
theothercells.Afterhighlightingthekeyanalyticalchallenges
incharacterizingthetypicalcellperformanceinthiscase,we
providearemarkablyaccurateapproximationthatfacilitates
thegeneralanalysisofthetypicalcellinPoissoncellular
networks.FromtheperspectiveofdownlinkSIRcoverage,the
matchbetweenthe0-cellandthetypicalcellbasedanalyses
isamerecoincidencewhichresultsfromthefactthatthe
desiredsignalandinterferencepowersscaleessentiallyinthe
sameorderinthesecases.However,thesignificantdifferences
inthedistributionsofsignalandinterferencepowersforthe
twocasesnecessitatetheneedforacarefulanalysisofthe
typicalcell.Althoughthisletterwasfocusedonthedownlink
coverage,theunderlyingcharacterizationoftheinterference
fieldcanbeusedfortheanalysisofotherkeyperformance
metricsaswell.
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