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Optimal Soft-combine Zone Configuration
in a Multicast CDMA Network*
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m Abstract m

In this paper we deal with a cell planning issue arisen in a CDMA based multicast network. In a CDMA based
wireless network, a terminal can significantly reduce the bit error rate via the cohesion of data streams from multiple
base stations. In this case, multiple base stations have to be operated according to a common time line. The cells
whose base stations are operated as such are called soft-combined cells. Therefore, a terminal can take advantage
of error rate reduction, if the terminal is in a Soft-combined cell and at least one neighboring cell is also soft-combined.
However, as soft-combining operation gives heavy burden to the network controller, the fimited number of cells can
be soft-combined. Our problem is to find a limited number of soft-combined cells such that the benefit of the soft-com-
bining operation is maximized.
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1. Introduction

Mobile multicast has recently emerged and be-
come a topic of significant discussion on both of
technical advances and practical usefulness.
Mobile multicast makes various types of on-de-
manded services available in the mobile envi-
ronment. From a technical point of view, the
area of mobile multicast radio technologies has
become very diverse and manifested through the
emergence of many international standardiza-
tion activities along with regional proprietary
solutions. Especially, in 3G mobile radio stand-
ardization, multicast services, named as Multi-
cast Service (BCMCS) in cdma2000 1xEV-DO
(5,6] and Multimedia Broadcast/Multicast
Service (MBMS) in UMTS WCDMA [2], are
now being deployed in CDMA-based 3G net-
works. The former one, which specifies mobile
multicast support for the 3 generation cdma2000
cellular, satisfies the perceived market demand
while minimizing resource usage in the radio ac-
cess network [14). The latter one, for the next
version of UMTS, is looking at defining point
to multipoint bearers to send multimedia serv-
ices to several users in a cell over one radio
bearer [4, 13].

The nature of multicast in CDMA networks is
not quite different from that of wired line net-
works. Needless to say, a single data stream per
link is the essential feature of multicast and there
is no difference between wired and wireless net-
works on this point. However, in last-mile ac~
cess lines, interfaces-thru~air of wireless net-
work induces significant difference from wired
line networks. In a wired line network, the data
stream should be distributed via separated ac-

cess line to each user in last-mile access line,

but in a wireless network, only a single data
stream with specific discriminator, such as mul-
ticast code or frequency, is dispersed into the air.
The terminals extract the data stream and de-
code it to receive a specific multicast service.

In a CDMA based wireless network, a terminal
can hold multiple connections from near base
stations and receives an identical multicast con—
tent via multiple connections, that is similar to
soft handover procedure. In this case, the termi-
nal can significantly reduce the bit error rate via
the cohesion of data stream from multiple base
stations. The cohesion of data streams from two
different base stations is possible only when
two base stations have to emit data stream con-
taining the same content at the same time
epoch. In other words, the two base stations
should be operated according to a common time
line. The cells whose base stations are operated
as such are called soft-combined cells. For the
details of the soft-combining operation, refer to
[1]. We will say that two cells are neighbor if
a terminal in each cell can receive data from the
base station in the other center. Therefore, if a
terminal locates in a soft-combined cell and at
least one neighboring cell is also soft-combined,
the terminal can take advantage of error rate
reduction.

The operations, onto the common time line, re-
quire strict cell management by a network con—
troller, such as Base Station Controller (BSC) or
Radio Network Controller (RNC). In order to
transmit contents to a group of base stations
through a common time line, the network con-
troller has to keep the path information to the
corresponding base stations and analyze the de-
lay effect of specific path to each base station.
The network controller should give time Staxﬁps
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to every multicast packet to specify the time ep-
och for packet emitting. As those operations for
keeping common time line yield additional heavy
burden to the network controller, a network con-
troller can handle only a limited number of
soft-combined cells.

In this paper, we deal with a problem of select-
ing the cells to be soft-combined in order to
maximize the benefit of the soft-combining op-
eration. As we mentioned, a terminal in a soft-
combined cell can take advantage of error rate
reduction, if at least one neighboring cell is also
soft-combined. Our objective is to maximize the
multicast traffic to be benefited by the soft-com-
bining operation. Although it is hard to measure
the volume of multicast traffic, it is shown that
the proportion of multicast traffic to the total
traffic is uniform on the average. So, our ob-
jective is to maximize the total traffic demand
of the cells that are benefited by the soft-com-
bining operation. Instead of maximizing the vol-
ume of multicast traffic benefited, one may also
think about more specific criteria related with
the grade of service, such as the average error
rate of the multicast traffic. It would be better
if new criteria reflect the difference of the benefit
among cells having different number of the
soft-combined neighboring cells. However, it
seems to be difficult to come up with a good
method to solve a model with such complex ob-
jective function.

Based on the above observation, our problem
can be described as the following combinatorial
optimization problem, referred as the soft-com-
bined cell selection problem (SCSP). We are giv-
en the set of cells with traffic demand and the
maximum allowable number of soft-combined

cells. We are also given information on the

neighboring relation among cells. Then our
problem is to find the prescribed number of cells
such that each selected cell has at least one se-
lected neighbor. The objective of the problem is
to maximize the total traffic demand of the se-
lected cells. Although this problem is very simple
and has an interesting feature, it has not been
addressed in the literature. The most similar
problem to the SCSP is the ¥-MST problem de-
fined as follows. Given a graph G=(V,E) with
non-negative cost for each edge, the ¥-MST
problem is that of finding the minimum-cost tree
in G that spans at least ¥ nodes. The k-MST
problem is known to be NP-hard [9] and a couple
of researchers [7, 11] have found approximation
algorithms for the ¥-MST problem.

The remaining part of the paper is organized
as follows. In Section 2, we formulate the SCSP
as a 0-1 integer programming model, and show
that the problem is NP-hard. In Section 3, we
present algorithms that provide lower and upper
bounds of the problem. Computational results for
evaluating the performance of the proposed algo-

rithm are presented in Section 4.

2. Problem Statement and
Formulation

For a service area consisting of » cells, we
define the following notation. Let ~¥={1,2,---,n}
be the set of cells, and d(i) denotes the traffic
demand of cell ¢ for each i€N. For each cell i€n,
N(3) denotes the set of the neighboring cells to
cell <. Let ¥ be the maximum allowable number
of soft-combined cells. Then the SCSP is to find
a set of k£ cells, such that each cell in the set
has at least one neighbor in the set. The objective
of the problem is to maximize the total traffic



demand of the selected cells.

To formulate the SCSP, we define 0-1 varia-
bles z(:) for each cell s€~ such that =(:) =1 if
cell ¢ is selected for soft-combining, and 0,
otherwise. Then the SCSP can be formulated as
the following 0-1 integer programming problem.

(P)  Max AENd(i)x(i) M
s.t. E z(i) <k, 2)
z(i)*jegv(i)z(j) <0, ienN (3)

z(i)={0,1}, ieN 4)

The constraint (2) implies that the selected cells
are not more than the maximum allowable
numbers. The constraint (3) ensures that if a cell
is selected as a soft~combined cell, at least one
cell neighboring to it has to be also soft-
combined.

Now we show that the SCSP is an NP-hard
problem. To prove this, we will show that the
node-cover problem, denoted by NODE-COVER,
can be transformed in polynomial time to the de—
cision version of the SCSP, denoted by D-SCSP.
Since NODE-COVER is NP-complete [10], the
above statement implies that D-SCSP is also
NP-complete. NODE-COVER and D~SCSP are
defined as follows.

NODE~-COVER : Given a graph G=(V,E) and
an integer ¢ <!V, the node-cover problem is de-
fined to determine whether a graph has a set C
of at most ¢ nodes such that all edges of & are
adjacent to at least one node of €. We call such

a set C as a node-cover of G.

D-SCSP : Given an instance of SCSP, the deci-
sion version of SCSP is to determine whether
there exists a feasible solution of the SCSP with

the objective value not less than a given value.

Theorem 1. D-SCSP is NP-complete.

Proof. We give a polynomial time reduction from
NODE-COVER to D-SCSP. Consider an in-
stance of NODE~COVER for a given G=(V,E)
and ¢. Our reduction maps the given instance of
NODE-COVER to an instance of D-SCSP as
follows. Each cell in N corresponds to either a
node or an edge in G, i.e, N=VUE Then we
set the traffic demand of each cell such that
d(z) =0 if cell i corresponds to a node of V, and
d(@) =1 if cell ¢ corresponds to an edge of E. Now
we define neighborhood relation between two
cells of N, Every cell corresponding a node can
be a neighbor only to a cell corresponding an
edge and vice versa. Between such pair of cells,
each cell can be a neighbor to each other, only
when if the corresponding node is one of the end
nodes of the corresponding edge. If we let
k=|E+t, there is a node cover € with ICl<t if
and only if there exisfs a feasible solution of
SCSP with the objective value not less than |£].

Note that even if a given graph is planar, the
corresponding NODE-COVER is NP-complete
[10). Therefore, when each cell represents a part
of a region, the corresponding SCSP is still
NP-hard.

3. Solution Method

Now, we develop a practical algorithm to solve
the SCSP. As the problem is NP-hard, we are
focusing on producing a feasible solution of good
quality that provides a lower bound for the
problem. We also show how to obtain an upper
bound that can be used to evaluate the quality
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of a generated feasible solution. These two pro-
cedures can also be used when obtaining an exact
solution through a branch and bound method.

3.1 Calculating upper bounds

In this section, we describe a procedure for
computing upper bounds of the problem. Con-
sider the LP (Linear Programming) relaxation of
(P) where integrality condition (4) is replaced by
the following constraints.

(@) <1, ienN _ (5)
z(i)=0, ieN (6)

Let the LP relaxation of (P) be (LP). The optimal
objective value of (LP) is an upper bound for the
optimal value of (P).

To obtain an upper bound, we generate a dual
feasible solution instead of exactly solving (LP).
We come up with a dual method to exploit the
good structure of the dual of (LP). As (LP} also
has rather compact structure, a commercial LP
solver such as CPLEX may be a good alternative.
However, our method enriches the list of solution
tools and our computational experiments will
show that the dual method performs well, The
dual of (LP), denoted by (DLP), is as follows :
(DLP)

Min A+ Y uld) (7

ie.v

s.t. )\+w(i)—_z‘;()w(j)vLu(i)zd(i), ie N (8)

j€ Mi

Mwli),uli) =0, ienN (9)

In this formulation, A, w(i), and (i) correspond
to (2), (3), and (5), respectively.

Qur algorithm obtains a feasible solution of
(DLP) whose objective value is an upper bound
of both (LP) and (P). Our algorithm may be

viewed as a dual ascent heuristic, which suc-
cessfully applied to several combinatorial opti-
mization problems [3, 8, 15]. Let’s define s(i), I~
and, 7° as follows :
s(8) = A+ w()— E;A )w(j)+u(i)—d(i),
je Mi

I-={ie N|s(i) <0}, and I°={ie N|s(s) =0}

We initially set all the dual variables X, w(d)’s,
and «(3)’s equal to 0 and increase them to satisfy
the feasibility condition, that /- = &. Our strat-
egy is to increase dual variables while keeping
the objective value as low as possible. Since
w(4)’s do not appear in the objective function, we
try to update w(i)’s first to increase s(s) for some
i€1- without violating the feasibility condition
for 4N\ 7-. While the increase of u(i) directly
increases both s(i) and the objective value by the
same amount, the increase of A increases all
s(i)’s by the same amount and the objective val-
ue by & times the amount. So, our algorithm in-
creases A only when it can increase s(i)’s for at
least k+1 elements in 7-. Qur algorithm is for—
mally described as follows :

Algorithm UB

1. Initially set w(?)=u()=0, Vi€ N and A=0.

2. For each i€ 7, if s(3) >0 for all j&€N(), then
set  w(i) <= w(i) +min {Js(i)l, min,_ \(,s(;)} and
update s(j) for jeNG)U{i} and -,

3 If lr->k, set A=A+min{is@)li€r-} and update
s(i) for i€V and 7-.

4. If any update in steps 2 or 3, go to step 2.

5. For each i€ -, set u(i)«I[s(i)l and s(i)<0.

3.2 Calculating lower bounds

Now we consider how to obtain a lower bound
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(LB) for (P). Qur algorithm, called LB, is an
add-type heuristic that iteratively selects a sub-
set of cells not more than & such that each cell
in the subset is selected together with at least
one neighboring cell. In each iteration, we per-
manently include a cell €N into the list of the
selected cells, say SELECT, when either cell i
is neighboring to any cell in SELECT, or cell ¢
can be included together with a neighboring cell
in the candidate set, called CANDID. CANDID
1S an initially null set and includes cells that failed
to be included into SELECT in the previous
iterations. »

As different sequences of scanning cells for
selection produce different solutions, we have
tried two different strategies for sequencing. The
first strategy uses information on dual solutions
obtained through the upper bounding process.
We classify the nodes into two groups, 7° and
N—-1I° and select a cell in I° before any cell in
N—-TI°, Among the cells in the same group, a cell
with larger traffic demand, d(3), is scanned earlier.
The second strategy simply considers a cell with
the largest traffic demand first.

Algorithm LB

1. Initially set SELECT=2 and CANDID=2.
2. while [SELECTI[<k do the following steps.
2.1 Select a cell €N -(SELECTUCANDID) ac-
cording to a predetermined sequence. If any cell
neighboring to cell ¢ already exists in SELECT,
then include cell ¢ into SELECT. Otherwise, go
to the next step.

2.2 If ISELECT]|>k—1, include cell ¢ into CANDID
and return to step 2.1. Otherwise, go to the next
step.

23 If a cell neighboring to cell ¢ exists in CANDID,
include cell ¢ into SELECT. Additionally include

the cells of CANDID neighboring to cell ¢ into
SELECT until [SELECT|=k. If CANDID has no
cell neighboring to cell ¢, include cell i into
CANDID and return to step 2.1.

4. Computational Results

The proposed algorithm for calculating lower
and upper bounds of the problem was coded in
the language C and test runs were performed on
a PC with 14GHz Pentium M processor. We per-
formed computational experiments using two
classes of problems. In the first set of test prob-
lems, all cells are assumed as omni-type with
hexagonal form and in the second set of test
problems, all cells are assumed to have non hex-
agonal form. The traffic demand of each cell is
given as downlink load factor (see ref. [4]).

We have tested 1000 data instances with dif-
ferent numbers of cells, different values of &,
and different neighboring relation. In the first
set of test problems, the networks have cells
from 129 to 529. The second set includes the
problems with rather large networks having
cells from 500 to 2000. We test the different
levels of the maximum number of soft-com-
bined cells by setting ¥ equal to 10%, 20%,
30%, 40%, 50% of the total number of cells. In
a network of hexagonal cells, each cell has six
neighboring cells. In a network of non-hex-
agonal cells, we set neighboring relation arbi-
trary and make three different cases according
to the average number of neighbors per cell.
In each case, the average numbers of neighbors
per cell are 10%, 20%, and 30% of the total
cells, respectively.

<Table 1> shows the results for the first set
of test problems and <Table 2> for the second
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set of test problems. We classified each group
by the size of networks, the average number
of neighbors, and the levels of k. We have test-
ed 10 instances per group and present the
average value of 10 instances for each group
in the tables. Upper and lower bounds, denoted
by UB and LB, respectively, were obtained us-
ing the procedures presented in Section 3.1 and
3.2. In order to evaluate our dual heuristic of
solving the LP relaxation, we compare it with
the optimal LP value. We also compare the
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computing time of the dual heuristic with the
time spent to solve (LP) by CPLEX 9.0 callable
library. We have compared the two different
strategies of sequencing cells in Algorithm LB.

<Table 1> and <Table 2> show that our dual
heuristic found an optimal or near optimal sol-
ution quickly and all the ratios of (UB-LB)/LB
for the tested instances are within a reasonable
range. We also have found that no big difference
between the two strategies of sequencing cells
in Algorithm LB.

(Table 1) Computational results for hexagonal cell networks

LP (CPLEX) UB LB(strategy 1) LB(strategy 2)

N k value (CSES value (CSIZE) value (Csig) value 8;3 Gap
13 11.84 0.0060 1191 0.0000 11.74 0.0000 1170 0.0000 001

26 2253 0.0080 22.64 0.0000 22.23 0.0000 22.05 0.0000 0.02

129 39 3211 0.0080 3217 0.0000 31.36 0.0000 31.25 0.0000 0.02
52 40.63 0.0080 40.70 0.0000 3944 0.0000 39.27 0.0000 0.03

65 4795 0.0050 4798 0.0010 4599 0.0000 4583 0.0000 0.04

23 21.20 0.0100 21.25 0.0010 21.07 0.0000 21.06 0.0000 001

46 40.25 0.0100 40.34 0.0000 3971 0.0010 39.65 0.0000 0.02

228 63 56.93 0.0090 57.06 0.0010 55.70 0.0000 55.55 0.0020 0.02
91 72.32 0.0090 72.37 0.0010 70.15 0.0010 70.03 0.0000 0.03

114 85.28 0.0090 8531 0.0000 82.03 0.0010 82.11 0.0000 0.04

A 31.28 0.0150 31.36 0.0000 31.09 0.0010 3099 0.0000 0.01

67 5887 0.0140 59.03 0.0010 53.13 0.0010 57.92 0.0010 0.02

336 | 101 84.44 0.0110 84.57 0.0020 8270 0.0010 82.50 0.0000 0.02
134 1 10679 0.0100 106.87 0.0040 10393 0.0020 10375 0.0000 0.03

163 | 12597 0.0100 126.03 0.0040 12154 0.0000 121.50 0.0000 0.04

43 39.83 0.0130 3993 0.0060 3955 0.0030 3942 0.0010 0.01

86 76.06 0.0140 76.23 0.0060 75.06 0.0010 74.66 0.0000 0.02

428 | 128 § 10721 0.0130 107.40 0.0060 104.62 0.0020 10457 0.0000 0.03
171 | 13574 0.0120 13582 0.0050 131.44 0.0030 131.56 0.0000 0.03

214 | 159818 0.0160 15961 0.0020 154.01 0.0010 153.88 0.0000 0.04

53 489 0.0160 49.10 0.0080 4363 0.0040 4856 0.0010 0.01

106 9347 0.0140 9371 0.0100 92.25 0.0060 91.79 0.0000 0.02

529 | 159 { 13346 0.0160 13364 0.0040 130.36 0.0080 130.17 0.0010 0.03
212 | 16861 0.0140 16874 0.0060 16357 0.0040 163.09 0.0010 0.03
L265 197.65 0.0130 19768 0.0060 190.80 0.0030 190.63 0.0010 0.04

F) " GAP=(UB-best LB)/best LB



(Table 2) Computational results for non-hexagonal cell networks

LP(CPLEX) UB LB(strategy 1) LB(strategy 2)
N | Density | k value CPU value CPy value CPy value CPU Gap
(sec) (sec) (sec) (sec)

10 933 | 00070 937 | 0.0000 921 [ 0.0000 920 | 00000 | 001

20 1761 | 00050 1763 | 0.0000 1703 | 0.0000 1708 { 00000 | 003

0.1 30 2546 | 0.0080 2548 | 0.0000 2457 | 0.0000 2460 | 00000 | 004
40 3114 | 00070 3114 | 00010 2045 | 0.0000 2047 | 00000 | 006

50 3732 | 0.0080 3733 | 0.0000 36.04 | 0.0000 3606 | 00010 | 004

10 948 | 0.0050 949 | 0.0000 935 | 0.0000 936 | 00000 | 001

20 1773 | 0.0060 17.73 | 0.0000 1735 | 0.0000 1735 | 00000 | 002

100 02 30 2536 | 0.0061 2536 | 0.0000 2487 | 00010 2487 | 00000 | 002
40 3182 | 0.0060 3182 | 0.0000 3116 | 0.0000 3116 | 00000 | 002

50 3741 | 00050 3741 | 0.0010 3650 | 0.0000 3650 | 00000 | 0.03

10 948 | 0.0060 948 | 0.0010 939 | 0.0000 939 | 00000 | 001

20 1812 | 0.0060 1812 | 00010 1783 | 0.0000 1783 | 00000 | 0.02

03 30 2519 | 0.0070 2519 | 0.0010 2486 | 0.0000 2486 | 00000 | 001
40 3158 | 0.0070 3158 | 0.0000 3117 | 00010 3117 | 00000 | 001

20 37.23 0.0060 37.23 0.0000 36.50 0.0000 3650 0.0000 0.02

50 4752 0.0202 4752 0.0110 47.09 0.0030 47.09 0.0010 0.01

100 8965 | 0.0290 8965 | 0.0100 8892 | 00020 8892 | 00010 | 001

01 150 12678 0.0271 126.78 0.0100 125.45 0.0030 12545 0.0010 0.01
200 | 16067 | 0.0300 16067 | 0.0090 15889 | 00020 15889 | 00000 | 001

250 | 18631 | 0.0300 18631 | 0.0001 18368 | 0.0010 18368 | 00000 [ 001

X0 4733 0.0571 47.33 0.0150 47.15 0.0030 47.15 0.0000 0.00

100 90.29 0.0531 90.29 0.0140 90.06 0.0040 90.06 0.0010 0.00

500 0.2 150 | 12664 | 0.0631 12664 | 0.0130 12600 | 0.0040 12600 | 00020 | 001
200 161.63 0.0640 161.63 0.0150 160.86 0.0010 160.86 0.0011 0.00

250 189.29 0.0650 185.29 0.0100 188.08 0.0030 188.08 0.0000 0.01

50 4753 0.0812 4753 0.0200 47.36 0.0000 47.36 0.0000 0.00

100 90.02 0.0810 90.02 0.0171 89.82 0.0030 39.82 0.0030 0.00

0.3 150 12725 0.0791 127.25 0.0181 126.70 0.0020 126.70 0.0020 0.00
200 160.52 0.0822 160.52 0.0130 159.85 0.0020 159.85 0.0010 0.00

250 186.87 0.0811 186.87 0.0140 186.49 0.0030 186.49 0.0020 0.00

100 95.06 0.1232 %.06 0.0531 94.62 0.0130 94,62 0.0040 0.00

200 179.26 0.1281 179.26 0.0521 17825 0.0110 17825 0.0050 001

0.1 300 255,36 0.1241 256.36 0.0431 25397 0.0140 25397 0.0050 0.01
400 32134 0.1251 321.84 0.0470 320.20 0.0121 320.20 0.0040 0.01

500 376.02 0.1262 376.02 0.0351 37368 0.0120 373.68 0.0030 0.01

100 9493 0.2212 94.93 0.0662 94.77 0.0110 94.77 0.0040 0.00

200 179.55 0.2323 170.55 0.0622 179.16 0.0120 179.16 0.0030 0.00

1000 02 300 256.73 0.2294 256.73 0.0550 25601 0.0170 296,01 0.0030 0.00
400 322.49 0.2212 322.49 0.0532 321.45 0.0140 32145 0.0060 0.00

500 376.75 0.2274 376.75 0.0502 375.57 0.0130 37557 0.0030 0.00

100 95.00 0.3193 95.00 0.0821 94.83 0.0140 94.83 0.0050 0.00

200 179.81 0.3163 179.81 0.0791 179.60 0.0130 179.60 0.0040 0.00

0.3 300 254.92 0.3143 254.92 0.0732 254,35 0.0130 254.35 0.0040 0.00
400 321.81 0.3157 32181 0.0690 321.30 0.0120 321.30 0.0040 0.00

50 376.26 0.3157 376.26 0.0670 375.37 0.0110 375.37 0.0060 0.00




el ~E CDMA WEY I Soft-combined AL 7|x)Fe] AA %
e e e

(Table 2> A%

LP(CPLEX) UB LB(strategy 1) LB(strategy 2)
N |Density | k CPU CPU CPU CPU | Gap'
value (sec) value (sec) value (sec) value (sec)

150 | 14228 | 02704 142.28 0.1281 141.86 0.0280 141.86 0.0150 0.00

300 | 269.40 0.2674 269.40 0.1151 26839 | 00271 26839 | 0.0090 0.00

0.1 450 | 382.09 02725 | 382.09 0.1061 380.76 0.0270 380.76 0.0090 0.00
600 | 48129 0.2614 481.29 0.0931 479.15 0.0290 479.15 0.0070 0.00

750 | 564.11 0.2574 564.11 0.0871 56127 | 00280 | 561.27 | 0.0090 0.01

150 | 14248 | 05117 142.48 0.1705 142.31 0.0280 142.31 0.0201 0.00

300 | 260.78 05107 269.78 | 0.1573 269.47 0.02711 26947 0.0232 0.00

1500 02 450 | 3831 0.5069 382.31 0.1451 381.78 0.0270 381.78 | 0.0160 0.00
600 | 430.82 05048 | 48082 0.1301 47959 00280 | 47959 0.0141 0.00

750 | 561.64 05019 561.64 01141 560.49 0.0300 560.49 0.0200 0.00

150 | 14213 | 07341 14213 | 02041 141.97 0.0271 14197 0.0180 0.00

300 | 26877 0.7692 26377 0.2022 26858 | 0.0270 26858 | 0.0130 0.00

0.3 450 | 382.09 0.7621 382.09 0.1811 38165 | 0.03%0 381.65 0.0200 0.00
600 | 48167 0.7740 48167 0183 | 48104 | 00290 48104 | 00200 | 000

70 | 56304 0.7692 563.04 0.1643 562.20 0.0301 562.20 | 0.0160 0.00

200 | 18373 0.5087 189.73 0.2224 189.17 0.0530 189.17 0.0201 0.00

400 | 3845 | 05057 33845 | 02134 357.31 0.0640 357.31 0.0220 0.00

0.1 600 | 51218 0.5017 51218 | 01933 510.88 0.0560 510.88 0.0220 0.00
800 | 64090 0.4939 640.90 0.1721 639.36 0.0560 639.36 0.0241 0.00

1000 | 751.47 0.4916 75147 | 01583 74894 | 00571 74894 0.0220 0.00

200 | 190.04 0.9432 19004 | 0.2887 189.87 0.0530 189.87 0.0220 0.00

400 | 360.01 0.9521 360.01 0.2675 359.58 0.0651 35958 | 0.0332 0.00

20001 02 600 | 509.93 09295 | 509.93 02544 | 50936 | 00570.| 509.36 0.0200 0.00
800 | 64095 09405 | 64095 | 02274 | 639.% | 0.0600 639.95 0.0290 0.00

1000 | 74933 0.9413 749.33 0.2143 74845 0.0642 748.45 0.0200 0.00

200 | 18390 4.2982 189.90 0.3719 189.74 | 0.0520 18974 | 0.0180 0.00

400 | 36021 46416 360.21 03525 | 359.97 0.0511 359.97 0.0221 0.00

03 600 | 51266 3.9858 512.66 03102 512.28 0.0522 512.28 0.0200 0.00
800 | 64049 4.0749 640.49 0.3174 639.70 0.0681 63970 | 0.0310 0.00

1000 | 746.76 36753 | 74676 | 03005 | 74630 | 0.0051 74630 | 00170 | 000

Z) * GAP=(UB-best LB)/best LB

5. Conclusion

In this paper, we have dealt with the problem
of finding the optimal set of cells to be soft-com-
bined such that for each selected cell, at least one
cell neighboring to it also has to be selected. Our
objective is to maximize the total traffic demand
of the selected cells. This problem has an appli-

cation in cell planning for a CDMA based multi~
cast network. We have shown that the problem
is NP-hard and introduced a 0-1 integer pro-
gramming model for the problem. We also pre-
sented an algorithm that provides lower and up-
per bounds of the problem. Computational results
have shown that the proposed algorithm is a
practical one.
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