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Abstract—Multiclass CDMA systems, which support multiple analysis utilizing the solution for multiclass CIR. Our proof
services with various quality of service (QoS) requirements, are s expressed in terms of the QoS requirements and yields a
studied. The focus is on the reverse link capacity and application result similar to [3]. Unlike [3], our analysis is fully verified
of macrodiversity with maximal ratio combining (MMRC), where - . ' .
the signals from each mobile station (MS) are received by multiple by Monte Cgrlo simulation and the MMRC p.erformance '_S
base stations (BSs) and coherently combined. A simple analytical compared with a system that uses macrodiversity with selective
solution is first derived for the multiclass reverse link carrier-to-  diversity (MSD). With the MSD scheme under consideration,
interference ratio (CIR). Using this CIR solution, a simple capacity each MS is allowed to connect to the BS which provides the
analysis is developed in terms of the QoS requirements. Finally, the best signal path. We show that our analysis is an excellent
analysis is fully supported by simulation results. - . .

tool for predicting multiclass system capacity and useful for

Index Terms—Macrodiversity, maximal ratio combining, power  applications such as call admission control (CAC).
control, call admission control.

Il. SYSTEM MODEL AND ANALYSIS

. INTRODUCTION Our model consists of cells andK classes of service with

UTURE cellular systems must be able to support wiré20S requirements

less services with different quality of service (QoS) re-
quirements [1], [2]. CDMA is the major multiple access tech- CIRtarget1 < CIRtarget2 < -+ < ClRgarget - (1)
nology choice for the upcoming th|rd ger!eratlonlwweless' sy}'ﬁ(ssuming independent interference at each BS location, the
tems. Recently, macrodiversity with maximal ratio combinin

YIMRC link CIR for the class-MS p i
(MMRC) has been proven to be an effective way of improving reverse in orthe cla pis

the reverse link capacity in c_eIIuIar CDMA systems [3]-[5]. I.n CIRx(p) = CIRy(p) + - - - + CIR 14 (p)

[3], the author proved the existence of a power control solution Ci(p) Cri(p)

using MMRC, and showed that the capacity is unaffected by = Toe () +- 4+ Tue(p)

outside interference. In [4], by assuming equal reverse interfer- a G

ence level at each BS, the authors constructed a simple proof = 1(p) cee L(p) Ti(p) 2
indicating that MMRC reverse link capacity is close to an iso- Lix(p) Iri(p)

lated cell capacity. The authors of [5] further generalized the rghere

sults in [4] by considering nonuniform interference conditions,

and showed MMRC's effectiveness on hierarchical system ar- Ci(p) 2 received signal power of clagsMS p

chitectures. While [3] considers generalized multiclass systems, at BS

the results in [4] and [5] are limited to single class systems.
It is certain that employing MMRC will also benefit multi-

class CDMA system capacity, and a detailed capacity/stability by classk MS p at BS:

analy_sis is presented in [3]. However, the proqf in [3] is math- Ti(p) 2 reverse link transmit power of clagsMS p

ematically complex. We construct a much simpler capacity Gi(p) A ik gain between class-MS p and BSi.  (3)

Lix(p) 2 interference power experienced
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whereTy(p,n) is the transmit power by M$ at epochn. It With a large number of MSs, it can be approximated thafthe

has been proven by Yates [7] that such standard iterative povi@rdifferent service classes are similar

control algorithms, including MMRC, converge both synchro-

nously and asynchronously, provided that the interference con- Iy mlp &= Ly

straints derived from the QoS requirements are feasible. Yates i1 A2 Nio &% - & Nk (8)

also shows that the feasibility of the constraints is not a sig-

nificant restriction for convergence. Since our emphasis is qihe interference power is the difference between the total re-

finding the achievable system performance/capacity, we simglgived power and the desired signal power. Therefore, the above
state that alCIRy(p) converge to a uniform valu€IR, under approximation is reasonable when the system load is large and
the standard iterative power control algorithm. Later we withe QoS requirements are not drastically different from one an-

provide the solution foCCIR;, in terms of given load and QoS other, since the total received power does not change. The ap-

requirements. Let us assume that each cell is loaded with a sfoximation is later justified in our simulation. Then, (7) be-
ficiently large number of MSs such that the reverse link inteeomes

ference levels experienced by MSs of the same service class are

nearly the same (e.gl;x(p) ~ I;;Vp). Let A, be the ratio of
Iy andly, I/ L. ThenCIR,(p) can be expressed as ik Z Z M Creversen = Creverse
=1 n=1
K My,
CIRy(p) = A1k Gi(p) + AonGa(p) + - - + AnGr(p)]Ti(p) - Z%k <ZZZCm Ojk(p)|h>
Iy i =1 n=1r=1
Creversek

- I . (5) Z Z M Creversen

=1 n=1
Therefore, based on our model, all cldsBSs yield the same
combined signal powe€,cverse k- Lt M;x be the number of Iix
classk MSs in cell:. Given that clas$: MS p is located in cell = Creversek — Z Awlj | Ak = a
h, we can express;, as follows: el
[Z Z Mln reversen
Iik ~ Izk(p) Z =1 n=1
]\411 J\412
= Z Cil(T) 1+ Z Ci?(/r) 1+ - Creversek - (L - 1)Ilk . (9)
r=1 r=1
P Ry Therefore
+ Z Cix(r)|h+ -+ Z Cik(r)| L '
1;£p = Ilk
K My, Aik = Tk
:ZZZCW W = Ci(p)lh, 1<h<L (6) Xied1r
=1 n=1r=1 .
El 1 En 1 Mln reversen Creversek - (L - 1)Ilk
whereC;,, |1 is the received signal power by BSgiven that (10)

the classa MS is located in cell. From (5), we can deduce
that C;,(p) |1 = (Creversen — Ef# AjnCin(0) | 1)/ Xin. By Solving the above equation fdr; gives
substituting the above result into (6), we obtain L X

El:l En:l MlnCreversen - Creversek

Ly ~ - (11)
K ]\41;\ rever';en - L )\n C"n )|
I ~ Z > Z 2L ji AinCin (1) | ) Then the reverse link CIR of clagsMSs can be approximated
I=1 n=1r=1 Ain as follows:
L
(Creversek 21;67 )‘jijk (p) | h) CIR Creversek L
. k= ~ 4

)\Zk Ilk Elel Erlzzl MIHW -1

reverse k

Zn =1 Mn’Ynk -1

K ]\41,,
$-3 L, Amcﬂx L L (12)
Mk -1+ En# nYnk

. K

_ Z Z Mln reversen Creversek L
—1 zn ik
<l 1

n=1r=1

J#z AikCir(p) | 1 ' (7) WhereM, = S, My is the total number of class-MSs in
Aik the entire system ang,x. = Creversen/Creverse k- If We assume
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TABLE |
MMRC ANALYTICAL AND SIMULATION PERFORMANCE COMPARISON

M, | M, L EkK=1 CIRargetk Mg Analytical Simulation, T = 00 | Simulation, Tiyax = 100 mW
% TH | CIRtargers | CIRy CIR, CIR, CIR, CIR, CIR,
135 | 135 | 19.00 16.04 -13.27 dB | -10.26 dB | -13.06 dB | -10.06 dB | -13.07 dB -10.07 dB
145 | 145 | 19.00 17.23 -13.58 dB | -10.57 dB | -13.39 dB | -10.39 dB | -13.39 dB -10.39 dB
155 | 155 | 19.00 18.42 -13.87dB | -10.86 dB | -13.69 dB | -10.69 dB | -13.69 dB -10.69 dB
165 | 165 | 19.00 19.62 -14.14dB | -11.13dB | -13.97 dB | -10.97 dB | -13.93 dB -10.93 dB
175 1175 | 19.00 20.81 -14.40dB | -11.39dB | -14.24 dB | -11.24 dB | -13.99 dB -11.03 dB
185 | 185 | 19.00 22.00 -14.64 dB | -11.63 dB | -14.49 dB | -11.49 dB | -14.03 dB -11.17dB
195 | 195 | 19.00 23.19 -14.87dB | -11.86 dB | -14.73dB | -11.73 dB | -14.09 dB -11.38 dB

the system only supports single cldsservice, then (12) be- The above analysis shows that the achievable system capacity

comes

L

CIR,, ~
MU ML — 1

(13)

can be easily computed when the QoS requirements are avail-
able. The left-hand side of (16) represents the spectrum resource
required to support the given system load, while the right hand

side represents the total available system resource. Unlike in

which is the same result obtained in [5]. We now analyze thjg], the capacity of multiclass macrodiversity CDMA system

system capacity in the presence of multiclass MSs utilizing theexpressed in terms of exact CIR requirements. [3] uses a pa-
derived solution for multiclass CIR. In order for a clas$4S

to satisfy its QoS requirement,

CIRtargetk S CIRk ~

L
M -1+ Zf;ek Myynre

(14)

Solving the above equation fdd;, — 1 results in

K

CIRtargetk(Mk - 1) S L — Z Mn’YnkCIRtarget k- (15)

n#k

rameter defined a§IDR,, = L/(M;, + fo;o M, vn1) rather

than CIR ;arget x» Which should yield a more conservative out-
come. Also, our analysis provides the CIR solution which ac-
curately predicts the convergence CIR value for each class of
MS. Knowing the exact level of system performance for given
system load is very useful for other important system analysis
such as system planning and call scheduling. However, the basic
interpretation of both results is the same, in that the system can
support multiple QoS requirements as long as the required spec-
trum resource for the given system load does not exceed the total

Here, CIR arget (M — 1) can be loosely interpreted as thefombined system resourde

amount of spectrum resource required to suppégt number
of classk MSs. Based on the assumption in (8), the combined
received signal powei cverse &, 1S the dominating factor in

lll. NUMERICAL RESULTS
A path loss exponent of 4 and a shadow standard deviation of

differentiating various CIR classes. We can then express 8 dB are used in our simulation. Rayleigh fading is also incor-
asClIRyarget n/CIRtarget » When the system achieves the maxporated into our simulation. The simulation results are obtained

imum capacity under a given set of QoS requirements. Now sy using the iterative power control algorithm outlined in [7],
the CIR arges 1 (My — 1) for all K classes:

K K
Z CIRtarget kMk - Z CIRtarget k
k=1 k=1
K K
S KL - Z Z MnCIRtarget n
k=1 n#k
K K
Z CIRtarget kMk - Z CIRtarget k
k=1 k=1
K
S KL — (K - 1) Z MnCIRtargetn
n=1
K K
K ClRpaget kM — > COlRiargetr < KL
k=1 k=1
K 1 K
; CIRtarget kMk - ? ; CIRtarget k S L.

(16)

[8]:

CIRtargetk T )
Ik(p,ﬂ) y L max

wherel,(p,n) = Ele Gi(p)/Lix(p,n) and T,y is the max-
imum MS transmit power. The initial MS transmit power is set
to 10 mW. On average, less than 10 iterations are required for
the CIR values to converge. Table | shows the comparison be-
tween the analytical and simulation results of a 2-class MMRC
system. The system consists of 19 equally sized cells with radius
of 1500 M.CIRarget 1 AaNACIR (a1g6¢ 2 are set to-14 and—11

dB, respectively. The results are obtained from MSs located in
and around the center cell to minimize border effects. The sim-
ulation is conducted for two distinct cases: ideal and nonideal.
For the ideal case, each MS has unlimited transmit power and
our analysis is based on this assumption. In reality, however,
MSs will have finite power available to them and this is rep-
resented in the nonideal case where the MS transmit power is

Ti(p,n + 1) = min < a7
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Fig. 1. MMRC Reverse CIR performances for load distributions in Table Il.Fig. 2.  MSD Reverse CIR performances for load distributions in Table II.
bounded byl;,.... Let us first examine the ideal case. Our ana- TABLE 11
lytical results closely match the ideal simulation results, while SYSTEM LOAD DISTRIBUTIONS FORCASES INFIGS. 1 and 2.

small deviations between the two results are due to our equal in-
terference approximation in (8). This approximation becomes a
better representation of the system behavior as the system load 1 270 | 80 | 30 380

Case Index | M; | M, | M; | Total System Load

increases, since the differences in the desired signal power have 2 200 | 95 | 50 345
less effect on resulting interference values. It is evidenced by 3 100 | 125 | 70 295
the slow convergence of a i i i i

g nalytical and ideal simulation results . 60 1 100 | 100 260

asM; and M- increase. We also notice that the QoS require-
ments are satisfied as long as the required resource does not ex-

ceed the total system resourée,We observe that our anaIyS'SMMRC, however, the performance is only limited by the overall

still performs well in predicting the nonideal case performancg. stem resourcd and is neither affected by system architecture
Some significant deviations between the ideal and nonideal F%

. ) . . the load distribution.

sults start appearing when the system fails to deliver the requweJ
CIR values(175 < M;, M5). However, our primary interest is
focused on the operation region where the CIR requirements are
satisfied and our analysis does an excellent job of predicting theA simple MMRC capacity analysis for multiclass CDMA
nonideal performance in the mentioned region. systems has been derived. By utilizing the solution for the mul-

Figs. 1 and 2 show the reverse link CIR performance cortielass CIR, the total available system resource is expressed in
parison between MMRC and MSD schemes. The same 19-delims of the QoS requirements and the number of combined sig-
model is used in this part of the simulation also. Three classeals. It has been verified, both by analysis and simulation, that
of service are supported by the network with QoS requirememmilticlass MMRC systems can satisfy the existing QoS require-
of —14 dB, —12 dB and—10 dB, respectively. Table II shows ments as long as the resource limit is not exceeded. Unlike the
te different loading conditions among the three classes of MBKSD scheme, multiclass MMRC performance is independent of
being analyzed. These loading conditions are selected so tin@t system load condition and distribution. Therefore, MMRC

f:l CIRtarget s M — (1/K) i‘:l CIRjarget k =~ L, and the allows flexible and robust resource sharing among various ser-
MSs are uniformly distributed throughout the system area. Weees without penalizing the effective system performance. A
immediately observe from the figures that MMRC performanggossible application of our analysis lies in CAC, where the ad-
is about 2 dB better than the MSD scheme with equal systenission decision of multiclass calls is based on the capacity
load conditions. Obviously, MMRC benefits from combininghat is predicted by our method. One of the great challenges in
the signals received at different BS locations. With uniforf@AC is accurately predicting the achievable system capacity and
load distribution, the variation in MSD performance due taentifying the residual capacity which is used to serve newly
different loading conditions is minimal. However, the whiterriving users. Employing MMRC greatly simplifies the CAC
marker lines in Fig. 2 represent the MSD performance whel@cisions since it removes any ambiguities associated with esti-
the half of the class-3 load is placed in the center cell. Waating the residual capacity by accurately predicting the system
see a major performance degradation for the MSD schemecagpacity for a given set of CIR requirements.
M5 increases with nonuniform load distribution, while MMRC
maintains near uniform performance. It has also been observed REEERENCES
in [5] that the MSD performance is highly dependent on the [1] L. Correia and R. Prasad, “An overview of wireless broadband commu-
load distribution when a hierarchical deployment is used. For nications,”lEEE Commun. Magpp. 28-33, Jan. 1997.

IV. CONCLUDING REMARKS
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