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Statistical Model of Downlink Interference for the
Performance Evaluation of CDMA Systems

Jaeweon ChoStudent Member, IEEEBNnd Daehyoung HondMember, IEEE

Abstract—A statistical model of the downlink interference for In this letter, based owvilkinson’s approximation that is
the analytical performance evaluation of code-division multiple-ac-  gne of the well-known log-normal approximations, a statistical
cess (CDMA) systems is proposed. Based diilkinson’'s approxi- — jqqe| of the relative other cell interference is developed in

mation, the statistical model of the relative other cell interference is | df ith iderina the best BS selecti Itis sh
developed in closed form. The best base station (BS)seIectionintheC osed form with considering the bes selection. Itis shown

shadowed environment with a correlation is taken into considera- that the developed analytical model can repldtente Carlo
tion. We show that interference statistics obtained by the proposed simulation in the outage analysis provided in [1].

analytical model agree with simulation results. Itis also shown that
the proposed analytical model can replac&onte Carlosimulation
in outage analysis provided in [1].

Index Terms_CDMA, down”nk, interferenCE, |og_norma| shad- The ratiO Of interference from the adjacent BSs to that from
owing, the best BS selection. the connected BS at the given MS location in the shadowed en-
vironment, is to be statistically characterized.

Let us consider a cellular system where a number of BSs are
distributed according to a pattern, e.g., hexagonal grid. MS of

HE received bit energy per noise power densiy AN;) interest is connected S, at (-, #), which are the polar coor-
on the code-division multiple-access (CDMA) downlinkdinates with respect BS,. Letr; be the distance from tHas;,
is mainly influenced by the ratio of interference power from adwherei = 0, 1,..., M. Note thatr = r,, andr; for i # 0 can
jacent base stations (BSs) to that from the connected BS. Mollerepresented by a function(ef #). Then, path gain is propor-
station (MS) in a shadowed environment is connected to the BSnalto L, = ri—“/lo(aub&)/lo, wherey is the path loss expo-
with the smallest propagation loss, i.e., the best BS, rather th@ght.£ and¢; are the MS shadowing and th$; shadowing,
the closest BS. The best BS selection can ConSiderably aﬁ%gpective|y_ Both ar6&aussianRVs with zero mean and stan-
the statistics of the relative interference. Therefore, this effqg:érd deviatiorr. In this model, site to site correlation is app“ed
should be considered in the performance evaluation of CDM#s 2 = 1 — 42 [1].
systems where cochannels are used in every cell. The relative interferenck¥ can be defined as

The distribution of the relative interference depends both on o o N o
relative distances from BSs and on the log-normally distributed y = Z ﬁ _ Z (L) 10b(E—€0)/10 _ ZX’L' 1)
random variables (RVs), is not tractable analytically. Though — Ly T =
Viterbi [1] provided analytical methodologies for the outage
analysis of both CDMA uplink and downlink, the interferencavhereX; = C;10°¢:~%)/10 andC; = (r/r;)7. The first and
statistics on downlink alone were obtained\gnte Carlosim- Se€cond moments df’ at the given positiorir, #) can be ob-
ulation. In another analytical approach, a regression methigined as
based on the simulation results was used for modeling the in- M
terference statistics on the CDMA downlink [2]. my|ro =LY |r, 0] = Z E[X;|r, 0] %)

Since even the distribution of the sum of log-normal inter- i=1
ferences at the given location is not known in closed form, log- vy, ¢ =F [Y2|r, 9]
normal approximation has been employed in many approaches M M M
[3]. However, the best BS selection was not considered in them. =S E[X7r 0]+ > EX:Xj|r60. (3)
Although an exact analytical approach with the best BS selec- i=1 J=14i=1,i#j
tion was presented in [4], it is not easy to apply the provided With the best BS selection, every MS is connected to the

dlsttrltralutlon.to tlhe s(yj/?tem performance analysis because it B with the smallest propagation loss. Therefore, the inequality
not shown in closed form. Lo > L; should be met for all in (1). If without the condition
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in (5) at the bottom of the page, wherg(z, y) is defined by A orthogonality factorg a fraction of the total BS transmission

using the error functioarf(-) as power devoted to all speech channélé spreading bandwidth,
1 1 br —10logC;  obln10 R data rate of speech channel, aiid,/N;:)req the required
Ai(w,y) = 5 Tyt ( Tae  V0vz ) (6) E,/N, for a target frame error rate.

In order to compute the outage probability above, we need a
ected value of*Y". As shown in[1],E[e*Y] can be obtained
E@Dusing the histogram df as follows:

Note that”; in the equations above depends of¥). In similar
way, the expected values in (3) can be derived as shown in
and (8) at the bottom of the page.
Asthe cpnventionaNiIkinson’sapproximation §hown in [3], E[e’Y] = Z eYH(Y = Y|BS) (10)
we approximat@” as a log-normal RV. Let us define the decibel v
scaled value of asZ = 10log Y. ThenZ becomes a Gaussian
RV with meanm, o = 10log(m3., ,/\/Frjr) and variance where H(Y = Y|BSo) is the histogram off” for the users
Uﬁw = (100/1n10) IOg(VYh“,G/m%fV’g) [5]. Zorzi [4] pro- having been connecteq to B\Sﬁterbl [1] obtglned this his-
vided the joint pdf ofL; with considering the best BS select0gram byMonte Carlosimulation, but we get it by the devel-
tion. From the provided formula, however, it is not easy to ofPed model in the previous sectioH.(Y" = Y|BS,) can be
tain pdf of Y or Z in closed from. In our approach, though théepresented by
log-normal approximation is employed and numerical integraH(Y — Y|BS) =
tions are involved, the pdf &f has been obtained in closed form 0
of a normal distribution that would be very useful for the system // Pr(Y_<Y <Y.|(r,8),BSo)f(r,0|BSp)drdd (11)
performance analysis. Ao
where Ay denotes the entire region that is feasible for the se-
IIl. I NTERFERENCEFORMULA FOR OUTAGE ANALYSIS lection of BSy. Pr(Y_ <Y < Y,|(r,6),BSy) is the condi-

We present an application example of the developed statistignal probability given the position of-(#) and the selection
model of the relative interference. The interference distributic BSo, whereY_ = Y — AY/2andY, =Y + AY/2.
obtained byMonte Carlosimulation for outage analysis in [1], SinceZ = 10logY’, this probability can be computed by using

is here derived by using the developed analytical model. ~ the Gaussian distribution fdf as follows:
Outage probability on the CDMA downlink for speech ser- 10log Y4
vices can be given by using ti@hernoffoound [1]: Pr(Y_<Y <Y.|(r,0),BSo) :/ - fz(2|(r,0),BSo)dz
. ; 10log Y _
At BlesY]1-1)—s W/R
Powe < Min e FHP G BT D) =0 mrmiag () 1] [10logY, —m 10log Y _—m
5>0 =— lerf 82+ 20 ) _erf 8 AUl
whereg denotes a fraction of users in soft handoyerpice ac- 2 \/§UZ|T,9 \/QUZ\T,(;
tivity factor, A/ the offered load per cell or sector (in erlangs), (12)

E[X;|r,0] = /Cilo"(“*“)/l‘)ff (z|Lo > Ly, ..., Ly > Ly) dz

M
f_°°oo {10—(1)m0/10)f£0(x0>ffg;(lﬂ/b)logcq 101;m7/10f& (2;)dw; - H;é [ f;-(lﬂ/b) log C,, fe. (:L’n)dilin}}dxo
n=1,n#1

=Ci oo M zo—(10/b) log C
S5 fealwo) TT (S22 " Je (on)da] dao
e s M
[0 107 02/10e=@"/20) 4;(2,1) T  An(w,0)dx

o2b2(In 2 n=1,n#1
— O, (0" (In10)*/200) | — (5)
J2 e=@2/20%) TT A, (2,0)dz

e~
(e}

n=1

2 2 M
[ 10700 =@ 20 A(,2) ] An(w,0)dz
n=1n

E [Xi2|1", 0] — G?e(ﬂ21)2(ln 10)?/50) — #1 @)
[ e @220 TT A, (,0)dw
n=1
o M
[ 107 02/9 /207 Ay (2, 1) Aj(x,1) T An(s,0)dz
E[XiX;|r, 0] = C;C,el"V (n10)°/100). noningd ®)

— 00

M
[ e=@/20%) T Ap(x,0)da
n=1
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Fig. 2. Histogram ofi": AY = 0.01.

Fig. 1. Cell site deployment model.
cause MS selects the closest BS. A pure uniform distribution on
In (11), f(r,6|BSo) is the joint pdf of ¢, #) for the user Ao should also replacg(r, 6[BSo) in (11).
having been connected to BSNith considering the best BS ThreeH(Y = Y|BSy)s obtained by the different methods

selection, this pdf can be derived as above are shown in Fig. 2. The figure shows the difference be-
Pr(BSolr, 0) f(r, 6) tween the results with and without the best BS selection. It is
f(r,0|BSy) = 0 ’ (13) also shown the larger difference at the higher valu® oft is

fon Pr(BSo|r, 0)f(r, 0)drds therefore found that the best BS selection needs to be included
wheref(r, #) is the joint PDF of ¢, #) on the regiond, regard- for the exact interference analysis. In the figure, we can see
less of the connected BS. The probability of selecifly at that the analytical result by the proposed model agrees with the
the given positions(, ¢) is computed as Monte Carlosimulation result. It is therefore confirmed that the
B proposed analytical model can be used with confidence, and also
Pr(BSolr, 0) = Pr(Lo > L1,.... Lo > fIMV’ ) replaceMonte Carlosimulation in the outage analysis provided

_ 1 /00 e*(wz/%z)HAn(a:,o)dx, (14) in [1].

210 J_ o

= _ V. CONCLUSION
ConsequentlyH (Y = Y|BS,) can be obtained by using the

the analytical performance evaluation of CDMA systems has
IV. NUMERICAL RESULTS been developed with considering the best BS selection. We have

shown that interference statistics obtained by the proposed ana-

We compare the histografd (Y = Y|BSo) obtained by the |ytical model agree with simulation results. Moreover, the pro-
developed analytical model with that onte Carlosimula- posed model can repladdonte Carlosimulation in the outage
tion. The result by the conventiondlilkinson’sapproximation analysis provided in [1]. Although we have shown only the ex-
is also presented and compared with them. ample of speech service in this letter, the proposed model can

The cellular system is modeled by locating BSs at the centdrs applied widely for the performance evaluation of CDMA sys-
of hexagonal grid pattern as shown in Fig. 1. An omni dire¢ems including packet data service systems as shown in our pre-
tional antenna pattern is used. To simplify the analytical proceious work [6].
dure, the regioni, is restricted to the sector of radilis, and of

angler /6. Note that by symmetry, the relative position of users REFERENCES
and BSs is the same throthOUt_as for the sector of th_e 1EIgure[‘l] A. J. Viterbi, CDMA: Principles of Spread Spectrum Communica-
In the analytical model, we consider 11 BSs nB&, which tion. Reading, MA: Addison-Wesley, 1995, pp. 218-227.

are influential in the received other cell interference of users lo-[21 H. Furukawa, “Theoretical capacity evaluation of power controlied

. e CDMA downlink with code limitation,” inProc. IEEE 51st Vehicular
cated ond, and connected 18S,. The uniform distribution is Technology ConfTokyo, Japan, May 2000, pp. 997—1001.

applied to the user location. Therefogfdr, ) = 12r /7= D? for [3] M. Pratesi, F. Santucci, F. Graziosi, and M. Ruggieri, “Outage analysis

0<r<Djandd <0 < 7r/6. The propagation parameter mobile radio systems with generally correlated log-normal interferers,”

. - — 2 IEEE Trans. Communvol. 48, pp. 381-385, Mar. 2000.

is setto 4 to 10 dB, and:~ to 0.5. [4] M. Zorzi, “On the analytical computation of the interference statistics
We have also developed a computer simulation as in [1]. The  with applications to the performance evaluation of mobile radio sys-

Monte Carlosimulation model consists of 19 cells of two tiers, tems,”|EEE Trans. Communvol. 45, pp. 103-109, Jan. 1997.
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