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Abstract: The traffic load distribution of the DS-CDMA cellular system varies along with 
time and space, so the unbalanced load in the service area takes place frequently, which may 
lead to system capacity decrease and performance deterioration. In this paper, a mathematical 
model is introduced to analyze the UMTS soft handover (SHO). Besides, SHO algorithms 
with dynamic handover thresholds are proposed and analyzed to resolve the problem of 
unbalanced traffic. Based on the proposed model, simulation is performed, and the results 
show that the dynamic SHO algorithms can mitigate the traffic load imbalance and bring on 
better overall system performance. 
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1. INTRODUCTION 

The uniform distribution of the traffic load in the cellular system is desirable to take full 
advantage of the radio resources in all the service cells, and thus maximize the system 
capacity. However in the actual DS-CDMA system, the traffic load distribution in the service 
area varies along with time and space, while the capacity of a certain region is usually 
invariable. A conference, an exhibition or an accident all can bring on an area traffic overload, 
while at the same time the neighbor regions may still have quite a few capacity margins. Then 
in the heavily loaded cells, the QoS of former users, who have connections to these cells 
already, can not be well guaranteed, and the new users, including the new coming users and 
the users who are trying to handover in, would suffer a high blocking probability. 

On this condition, the problem of the unbalanced traffic load can not be well resolved 
through network planning or optimization for the overload can not be forecasted exactly, and 
it is temporary. The feasible way to resolve this problem is to balance the load among the 
service cells adaptively without any hardware alterations or upgrade. In [2], the load 
information sharing is used to balance the traffic load in an environment where several 
different radio access technologies coexist with cells on several hierarchical layers. In [3], 
three methods of balancing the load are presented: adapting the handover hysteresis; a new 
call threshold is used to decide which cell to reside; changing the beam widths of the pilot 
carrier in the system using smart antennas. In [4], selective handover for traffic balance 
(SHOT) is proposed. According to SHOT, the MS’ for handover in the heavily loaded cells 
and the handover target cells are both selected based on several algorithms. SHOT can 
balance the traffic loads among the cells, but it is troublesome to do the selection again and 
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again. Besides these methods, we can balance the load by setting the handover thresholds of 
each cell dynamically based on the load situation, and this method is the focus of this paper. 
In [5] and [6], the algorithms which can produce variable adding and dropping thresholds 
according to the traffic density were proposed. However the variable thresholds were obtained, 
considering only the load of the cell itself. That is to say, the variable thresholds were 
produced in a distributed way. In this paper, we propose two dynamic algorithms, including 
the algorithm, which produces the dynamic thresholds in a distributed way (DIS), and the 
algorithm, which produces the thresholds in a centralized way (CEN). And we compare them 
with the fixed thresholds algorithm, which is denoted as FIX for short. 

The rest of this paper is organized as follows: The SHO algorithms with dynamic 
thresholds are described in section 2, the model of the UMTS SHO is given in section 3, in 
section 4 we list the main simulation settings and the simulation results with analysis are 
presented in section 5. Finally, we draw the conclusions in section 6. 

2. ALGORITHM DESCRIPTION 

(i) UMTS Soft Handover In The Specification 

Soft handover (or soft handoff) was first proposed in the IS-95 system, where the new 
connection is made before the former connection is broken. In UMTS [1], soft handover is 
retained as a key technology, and the relative handover thresholds rather than absolute 
thresholds are used in the SHO algorithm. 

Concretely, considering a MS, as for a cell i in its monitored set, whose common pilot 
strength is , if (1) has been satisfied for a period of _( / )c o i PilotE I TΔ  (the time to trigger the 
SHO), and the active set is not full, then the cell i would be added to the active set of this MS. 

_ _( ) ( ) _ _ _ _c c
Best Pilot i Pilot

o o

E E AS Th AS Th Hyst Window add
I I

− < − =           (1) 

As for a cell j in the active set of the MS, whose common pilot strength is , if 
(2) has been satisfied for a period of 

_( / )c o j PilotE I
TΔ , the cell j would be removed from the active set of 

this MS. 

_ _( ) ( ) _ _ _ _c c
Best Pilot j Pilot

o o

E E AS Th AS Th Hyst Window drop
I I

− > + =          (2) 

In (1) and (2),  denotes the strongest common pilot in the MS’ active set. 
AS_Th is the threshold for SHO, AS_Th_Hyst is the handover hysteresis. And the 
Window_add and Window_drop are the add threshold and drop threshold respectively. 
Besides, when the active set is full, and the inequation (3) has been satisfied for , the 
replacement event, which is a combination of link addition and removal, can be triggered. 

_( / )c o Best PilotE I

TΔ

HystreplaceAS
I
E

I
E

ActiveWorst
o

c
MonitorBest

o

c __)()( __ >−                 (3) 

_( / )c o Best MonitorE I  and  here denote the best measured cell in the monitor 
set and the worst measured cell in the active set respectively, while  is the 
replacement hysteresis. 

_( / )c o Worst ActiveE I
HystreplaceAS __
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(ii) UMTS SHO With Dynamic Thresholds 

In [1], the variable handover thresholds have not been referred to, and in this subsection 
we will introduce the UMTS SHO algorithm with dynamic handover thresholds. The basic 
objective of the dynamic algorithm is to regulate the traffic load distribution, and finally attain 
the purpose of balancing the load in the service regions, without severe communication 
quality deterioration or SHO overhead increase. 

In this paper, the dynamic SHO algorithms are proposed for producing dynamic handover 
thresholds (AS_Th in (1) and (2)) according to the load distribution in the service area. For 
example, the decrease of the AS_Th in a heavily loaded cell can hand some users over to the 
appropriate neighbor cells, which have a lower traffic load. On the other hand, the increase of 
the AS_Th in a light loaded cell can pull some users from the neighbor cells, which have a 
heavier load. The dynamic handover thresholds may be produced in a distributed way (DIS) 
or a centralized way (CEN). 

A DIS: Dynamic SHO thresholds, which are produced in a distributed way 
In the DIS, each cell periodically1 updates its handover thresholds based on the load of 

itself. When the load is high, a low threshold is set, or the threshold is set high. Since loads of 
the cells are different, the loads should be grouped into several levels . Assuming 
a cell has a load 

nLLL ,,, 21 L

L , it may be grouped as (4). 

1 1,
_ , / 2 / 2,  2,3, , 1

,
i i i

n n

L L L
Load level L L L L L L i n

L L L

≤⎧
⎪= −Δ ≤ < + Δ =⎨
⎪ ≥⎩

L −             (4) 

Then each load level is allocated a handover threshold according to the given quantizer. 

)( ii LQT = ,    ni ,,2,1 L=                          (5) 

The quantizer used in (5) can be classified as uniform quantizer and nonuniform quantizer, 
and in our dynamic algorithms, the uniform quantizer is used. 

B CEN: Dynamic SHO thresholds, which are produced in a centralized way 

In the CEN, different from the DIS algorithm, the threshold of each cell is determined by 
the controlling RNC, instead of each cell itself, based on the load of it and the loads of its 
neighbor cells. Thus the feasibility of the CEN algorithm is ensured with the condition that 
the RNC has the load information of all the cells under its control. In detail, we assume a cell 
with a traffic load L, and the average load of its neighbor cells is Lave. First, Lave and the load 
difference Ldif, which equals to L- Lave, are grouped into the load levels Li and Lj ( ) 
respectively as (4). Then, according to the process of quantization, the average load level L

, 1,2, ,i j n= L

i is 
quantized to the basic threshold , while the load difference level LbaseT j is quantized to the 
regulative threshold . Then the final handover threshold of this cell at this time can be 
updated as (6). The quantizer  and  in (6) may be different. 

regT

1Q 2Q

1 2( ) ( )base reg i jT T T Q L Q L= + = +                        (6) 

                                                        
1 The update period can be selected as a compromise between the accuracy of the handover thresholds and the signaling 
overhead. In our simulation, the period is set to 100 ms. 
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3. MODELING OF THE UMTS SHO 

The model proposed in this section can be used to analyze the UMTS SHO. In the 
analysis, we consider the situation that only two BSs (base stations) are involved during SHO, 
and the situation that more than two BSs are involved can be easily extended to. Then due to 
the reason that the active set may not be full on this condition, the SHO replacement event 
described in (3) needs no consideration. 

Considering a MS, which moves between the cells i and j. We assume at time k, the distance 
between this MS and cell i is ( )id k . Then the propagation loss between this MS and cell i at 
this time, which includes the path loss and the shadowing, can be expressed as (7). 

10/10)()( ikdkL ii
ξγ=                             (7) 

In (7), the iξ  is zero-mean Gaussian Process, and γ  is the distance attenuation coefficient, 
which is determined by the propagation environment. So the received /c oE I  of the common 
pilot channel from cell i at time k can be written as 

_
0

( ) ( )( ) ( )
( )

c i i
i Pilot

o i

E P kk
I I k

iL k
N W

θ
=

+
                         (8) 

Here,  is the noise, 0N W iθ  denotes the common pilot portion of cell i.  is the 
interference for the common pilot from the cell i at time k, and it can be expressed as (9). 

)(kI i

,int ,int( ) ( ) ( )i i ra i erI k I k I k= +                          (9) 

,int ( )i raI k  and ,int ( )i erI k  are the intra-cell and inter-cell interference for the common pilot 
from the cell i at time k respectively, and they can further expressed as (10) and (11). 

,int ( ) ( ) ( )i ra i iI k L k P k=                           (10) 

,int ( ) ( ) ( )i er m m
m i

I k L k P
≠

= k∑                         (11) 

In (8), (10) and (11), ( )iP k  and ( )mP k  are the total transmit power of cell i and cell m at time 
k, respectively.

We can obtain the received  of the common pilot channel from cell j at time k, in 
the same way. 

/c oE I

_
0

( ) ( )
( ) ( )

( )
j j jc

j Pilot
o j

P k L kE k
I I k N W

θ
=

+
                        (12) 

And we define the difference of the two received common pilot at time k as (13). 

)()()()()( __ k
I
E

k
I
E

k Pilotj
o

c
Piloti

o

c −=δ                      (13) 

Then based on (1) and (2), the UMTS SHO algorithm can be described in Fig. 1, in which, 
the left sub-figure is the pseudocode of the SHO, while the right sub-figure is the transition 
diagram of the active set. The AS in this figure denotes the active set of this MS.
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Figure 1.  Description of the UMTS SHO algorithm 

At time k, the active set ( )AS k  may be {i}, {j}, or {i,j}, and the state probabilities are 
denoted as , ( )kS i ( )kS j , and ( )kS ij  respectively. Then we define the transition 
probabilities at time k as , , , , , , , 

, . E.g.  is defined as the transition probability of the active set from 
{i} to {i,j} at time k. Based on the SHO algorithm described above, we can have the transition 
probabilities as (14-16) for example. 

)(kT ii→ )(kT ji→ )(kT iji→ )(kT ij→ )(kT jj→ )(kT ijj→ )(kT iij→

)(kT jij→ )(kT ijij→ ( )i ijT k→

( ) Pr{ ( ) { , } | ( 1) { }} Pr{ ( ) _ | ( 1) { }}

            Pr{ ( ) _ | ( 1) _ }
i ijT k AS k i j AS k i k Window add AS k i

k Window add k Window add

δ

δ δ
→ = = − = = < − =

≈ < − ≥
 (14) 

0}}{)1(|}{)(Pr{)( ==−==→ ikASjkASkT ji                  (15) 

( ) Pr{ ( ) { } | ( 1) { }} 1 ( ) ( )i i i ij i jT k AS k i AS k i T k T k→ →= = − = = − − →           (16) 

Then we define the state matrix  and transition matrix  in (17) and (18). kS kT

 
( )
( )
( )

k

k

k

S i
S j
S ij

⎡ ⎤
⎢ ⎥≡ ⎢ ⎥
⎢ ⎥⎣ ⎦

kS                               (17) 

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

i i j i ij i

i j j j ij j

i ij j ij ij ij

T k T k T k
T k T k T k
T k T k T k

→ → →

→ → →

→ → →

⎡ ⎤
⎢≡ ⎢
⎢ ⎥⎣ ⎦

kT ⎥
⎥                       (18) 

Based on the definitions, (19) can be obtained. 

 =k k k-S T S 1

0S

                              (19) 

Using recursion, we can further have the equation (20). And the  in (20) is the initial 
state matrix, and it is determined by the initial situation of the MS. 

0S

1

n k=

=∏k nS T                              (20) 
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4. SIMULATION SETTINGS 

In this paper, we’ll evaluate the algorithms by system simulation. The communication 
quality is evaluated by the user outage ratio [7] and user satisfied ratio [8]. The effect of the 
algorithms on the load balance can be validated by the std. deviation of the cells Tx power 
and the Tx power ratio of the central cell to the system mean value.

In the simulation, we adopt two different traffic load distribution scenarios: scenario A, 
where only the central cell may have different traffic load from its other neighbor cells, while 
the other cells have uniformly distributed traffic load, and scenario B, where all the cells in 
the service area have non-uniformly distributed traffic load. Besides, the main simulation 
parameters are given in Table 1 below. 

Table 1. Main simulation parameters 
Parameters Value Parameters Value 
Chip rate 3.84 MHz AS_Th (FIX) 4 dB 
Site distance 3 Km AS_Th update period (DIS and CEN) 100 ms 
Max active set size 3 Handover hysteresis 1 dB 
Max BS transmission power 43 dBm Handover delay 0.04 s 
CPICH power 33 dBm Power dynamic range 25 dB 
Total power of the common channels 31.8 dBm Power control step 1 dB 
AS_Th range (DIS and CEN) 2~5 dB Power control bit error 4% 

5. SIMULATION RESULTS WITH ANALYSIS 

Fig. 2 and Fig. 3 are obtained in the simulation scenario A, that only the central cell may 
have different traffic load from the other neighbor cells. 

In Fig. 2, the power ratio of the central cell to the system average Tx power equals to 1.0 
means perfect load balance among these cells. From the three result curves in Fig. 2, we can 
see that the dynamic algorithms maintain the load balance among the central cell and the other 
cells better than the FIX. Further, between the two dynamic algorithms, the CEN has a better 
effect on the load balancing for its overall consideration of the load of multi neighbor cells. 
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Figure 2.  Load Balancing between the central cell and the other neighbor cells 
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In Fig. 3, we compare the communication quality of the central cell in terms of the user 
satisfied ratio [8]. From the results, we can find that the DIS and CEN provide higher user 
satisfied ratio especially when the central cell has a heavy traffic load. 
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Figure 3.  Communication quality improvement in the central cell 

Figures 4 to 6 are obtained in the simulation scenario B, where all the cells in the service 
area have non-uniformly distributed load. 

In Fig. 4, we exhibit the std. deviation of the cells transmit power in the system. It is well 
known that the smaller the std. deviation is, the more balanced the load is. Thus from the 
results, we can see that the two dynamic threshold algorithms can balance the traffic load 
better than the FIX. 
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Figure 4.  Balanced degree of the traffic load 

In Fig. 5, it is obvious that in the FIX (sub-Fig. 2), all the cells have completely the same 
fixed handover thresholds (AS_Th), while the thresholds of these cells are discrepant in the 
DIS and CEN (sub-Fig. 3 and 4). Since the four sub-figures are obtained with the same 
simulation conditions, so a certain cell in the four sub-figures has the same user distribution. 
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From sub-Fig. 1, we can see cells 2, 3, and 13 have relatively high traffic load and cells 4 and 
9 have light traffic load, while in sub-Fig. 3 and 4, cells 2, 3, and 13 have low handover 
thresholds and cells 4 and 9 have high thresholds. And this is in of accord with the analysis of 
the dynamic algorithms in section 2 that cells with high traffic density should be set lower 
handover thresholds, while the cells with low traffic density should have higher thresholds. In 
addition, we can find that the DIS and CEN have similar average handover threshold settings 
for their consistent principle and target of the thresholds adjustment. 
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Figure 5.  Average handover thresholds (AS_Th) 

We make a comparison in terms of the system average user outage ratio in Fig. 6. From 
this figure, we can see that the dynamic algorithms can decrease the system user outage ratio a 
little. And this indicates the system capacity can be improved by means of traffic load 
regulation in the service area. 
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Figure 6.  System average user outage ratio 
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At last, we can find from figures 3, 4 and 6 that the performance gain of the CEN 
compared with the DIS is not explicit. The reason for this is that the CEN algorithm adopted 
in this paper is much simple and it does not take full advantage of the overall cells 
information. So the CEN algorithm can be further investigated to obtain better satisfactory 
system performance. 

6. CONCLUSIONS 

The unbalanced traffic load among the service area may severely degrade the performance 
of the DS-CDMA system. The feasible way to resolve this problem is to balance the load 
among the service cells adaptively without any hardware alterations or upgrade. In this paper, 
a mathematical model, which is used to analyze the UMTS SHO, and two SHO algorithms 
with dynamic handover thresholds are proposed. Based on the proposed mathematical model, 
simulation is performed. According to the simulation results, both of the two dynamic 
algorithms can mitigate the load imbalance and improve the system performance. However 
the CEN algorithm can still be improved to seek better performance. 
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