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AbsIrad - As a crucial technology for seamless communication, soft 
handover has been investigated In literature since the emergence of 
CDMA. In this paper, triggered by the asymmetric features of 3G 
Internet and multimedia services, the downlink performances of 
four typical soft handover algorithms: distance-based, IS-95A. 
UTRA soft handover algorithms and SSDT are evaluated and 
compared under various multi-service environments. Results show 
that the performance of different algorithms in terms of downlink 
information capacity depends closely on the soft handover 
overhead. It is also sensitive to the multi-service strucbre and the 
radio parameters such as shadow fading. By choosing proper soft 
handover algorithm and overhead, the downlink capacity can be 
improved. 

Keywords: WCDMA, macrodivenity; sofl handover; wireless 
wmmunications. 

I .  INTRODUCTION 

As a crucial technology for seamless communication, soft 
handover has been investigated in literature since the 
emergence of CDMA. Compared to conventional hard 
bandover, it provides a smoother transition and enhanced 
communication quality by getting benefit from macrodivenity 
[I]. However, the actual extent of this improvement depends 
closely on the algorithm and parameter settings of the soft 
handover procedure. Therefore, quite a lot research has been 
carried on these topics and quite a few soft handover algorithms 
have been proposed and evaluated by either numerical analysis 
or simulations [2-61. For example, 141 and [5] analysed and 
compared the performance of IS-95A and IS-95B algorithms. In 
[6], four soft handover algorithms with either fixed or dynamic 
thresholds are evaluated in terms of mean active set number, 
active-set update rate and outage probability. Most of these 
analyses were based on a relative simple environment with only 
one type of service supported throughout the whole system. 
However, aiming at “information at any time, at any place, in 
any form”, 3G systems will operate in a more complicated 
environment with different types of service supported 
simultaneously, such as voice, data, Internet, and broadband 
multimedia services. Thus, the performance of different sofl 
handover algorithms in a multi-service environment needs to be 
fiather investigated. 

In this paper, based on the previous work [7], the downlink 
performances of four typical soft handover algorithms are 
analyzed and compared in a 3G system with a multi-service 
environment. They are distance-based soft handover algorithm, 
IS-95A soft handover algorithm, UTRA soft handover 
algorithm and SSDT’ (Site Selection Diversity Transmit Power 
Control). The motivation for focusing on the downlink direction 
is derived from the asymmetric features of 3G Internet and 
multimedia services; the reason for including the distance-based 
algorithm is because it was a traditional approximate method 
for analyzing soft handover [1][8]. Its accuracy can be verified 
by comparing with the others. 

The paper is structured into six sections. Section 1 is an 
introduction, followed by section 2, which gives a description 
of the system model and assumptions used in our analysis. 
Section 3 presents the method for analyzing the downlink 
performance of soft handover in terms of information capacity. 
In section 4, different soft handover algorithms are evaluated 
separately. Results and conclusions are presented in Section 5 
and 6. 

2. SYSTEM MODEL ANDASSUMFTONS 

In this paper, we consider a 3G system with ideal hexagonal 

Shaded area represents soft bandover zone. The actual shape 
of the soft handover zone is related to the soft handover 

‘ SSDT is an alternative scheme adopted by 3GPP for sofl handover in the 
downlink direction [91[10]. 
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algorithm and overhead, which will he explained in section 4. 
We only consider two-way soft handover and assume that all 
soft handovers can be successfully processed immediately when 
the trigger conditions are met. 

Power control is included for all the algorithms because from 
the previous work [7], although power control is not as crucial 
as in the uplink direction, it does have influence on the 
performance of soft handover. Here, we consider perfect power 
control situation. 

In all the soft handover algorithms, except for distance-based 
one, the handover decision is made based on the received E a o  
of the pilot channel. We assume a uniform distribution of users 
and the same amount of pilot channel power for all the base 
stations (BS). During the processes of distance-based, IS-95A, 
and UTRA soft handover algorithms, we assume that maximal 
ratio combining and balanced downlink power control [9][10] 
are implemented. In SSDT, selection combining is used. 

The multi-service environment is composed of three typical 
services supported by 3G systems. They are AMR 12.2kbitk 
voice service, 144kbitis real-time data service and 384kbiVs 
non-real-time data service. Various multi-service environments 
can be structured by changing the proportion of different type 
of services. 

3. DOWNLINK PERFORMANCE ANALYSIS 

There are different ways to evaluate the performance of 
various soft handover algorithms. In this paper, we use 
information capacity as the performance indicator of different 
algorithms. In 3GPP specification [IO], information capacity is 
defined as the total number of user channel information bits that 
can be supported by a single cell. 

First, consider a mobile outside the soft handover zone, as 
mobile 1 in Fig.2. 

Ignoring the thermal noise, the received bit energy-to- 
interference power spectral density ratio EdIo of mobile 1 is 

Where W is the chip rate; R is service bit rate; v is the activity 
factor; P, is the mobile received signal power; P,a,a, is the total 

transmit power of BSI; P,I is the transmit power allocated to the 
mobile; Li is the propagation attenuation from mobile 1 to BS,; 
a is the downlink orthogonality factor with 1 for perfect 
orthogonality and 0 for non-orthogonality. M is the number of 
BSs that are taken into account for the inter-cell interference. 
Here we consider BSs in the first and second tiers around BSI. 
Therefore, M=19. 

To a mobile inside the soft handover zone as mobile 2 in Fig. 
2, after maximal ratio combining, E d ,  can be expressed as 

As'mentioned in section 2, during the soft handover pro& 
balanced downlink power control is implemented. As well as 
the inner closed loop power control, an adjustment loop is 
employed for balancing the downlink power among active set 
cells during macrodiversity [9-10]. In perfect situation, P,I=P,2. 

Note that the service bit rate R and the activity factor v are 
both related to the actual type of service. We use a subscript k 
(k-1,2,3) to represent different types of services. With perfect 
power control, the received E d o  of all mobiles are kept at 
target value. Thus, the transmit power which is allocated to a 
mobile outside the soft handover zone can be derived from (1) 

Where (EdI& is the target value of E& for the k type of 
service. Similarly, the transmit power, which is allocated to a 
mobile inside the soft handover zone, can be derived from (2). 
To distinguish it from (3), we use the symbol P,,k 

Under the assumption of uniform distribution of mobile users, 
the density of. users who require k type of service pk can be 
expressed as pk=NdA, where Nk is the number of active users 
who require k type of service per cell, A is the area of hexagonal 
cell with a normalized radius. As mentioned in section 2, three 
typical types of service are considered in our model. Thus, the 
densities of users requiring different type of service are 

Where N is the total number of active users. 
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x, y, z are proportions of 3 types of services separately. 
The total transmit power from each BS Pto(cl is composed of 

power for common control channels and the sum of the power 
for each downlink traffic channel. Here, we assume that the 
pilot channel is the only common control channel. 

Where y is the ratio of common control channel power to 
P,o,al; S is the area of non-soft handover zone and S' is the area 
of soft handover zone. Both Sand  S' rely on the algorithm and 
the overhead of the soft handover. In this paper, we define the 
soft handover overhead as the ratio of number of users in soft 
handover status to the total number of users. Substituting (3), 
(4) and (5) to (6) ,  we can obtain the downlink information 
capacity as a function of soft handover overhead. 

4. COMPARISON Of DlFFERENTALOORlTHMS 

4. I ,  Distance-based soft handover algorithm 

In distance-based soft handover algorithm, the border of the 
soft handover zone is a perfect circle, shown as (a) in Fig. 4, 
because the handover decision is made based on the distance 
from the mobile to its serving BS. The trigger condition is: r2Rh 
, where Rh is the handover threshold, a preset value. 

4.2. IS-95A soft handover algorithm 

Similar to the distance-based one, IS-95A soft handover 
algorithm still uses absolute handover thresholds. The 
difference is that the handover threshold is a fixed value of 
received pilot EA,. T-ADD and T-DROP are predetermined 
when dimensioning the network. More details ahout this 
algorithm can he found in [9]. 

In this paper, we assume that the BS, which pilot E& is 
above T-ADD, can be added in the active set directly when only 
one BS is in the active set. Thus, to the mobile 2 in Fig. 2, 
assuming that its original serving BS is BSI,  the trigger 
condition of IS-95A algorithm can be expressed as: 

(7) 
LT-ADD - - PP,IJl [Hlu.Bq (tom,-&JI -a),?? + cto,& 

I 4  
(irq 

Where Pp(lo, is the transmit power of pilot channel. Under our 
assumption, it is the same for all BSs and equals p,o,nl. Unlike 
in the uplink, in the downlink the inter-cell interference I;",, is a 
function of the location of the mobile because the interference 
sources are fixed BSs. Therefore, the pilot E& of BS2 is not 

only related to r2, hut also related to the angle 0,. As a result, 
the border of the soft handover region is not a circle any more 
as shown in Fig. 4 (b). The actual shape of the border is related 
to the soft handover overhead. 

4.3.  UTRA soft handover algorithm 

Fig. 3 shows the UTRA soft handover algorithm. More detail 
can he found in [9]. 

Fig. 3. UTRA soft handover algoithm 

Differing from IS-95A, relative rather than absolute 
thresholds are used in the UTRA algorithm. Thus to mobile 2 in 
Fig. 2, the trigger condition can be expressed as: 

[?]pj,0,.84 -[:]pt)O,.n* AS-Th-AS-Th-Hysi (8) 

(c) in Fig. 4 shows the soft handover zones of UTRA 
algorithm with different soft handover overhead. 

From Fig.4, it is clear that the shape of the soft handover 
zones of the three algorithms mentioned above is different 
because of the different trigger conditions. Therefore, when we 
calculate the information capacity from (6), for different 
algorithm, S and S' are different. This difference is more 
obvious with small soft handover overhead. 

Fig. 4 Comparison of sofl handover zones of 
different algorithms with different sofl handaver overhead 

I S' 
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4.4. SSDT 

SSDT is a form of power control for the downlink that can be 
applied while a mobile is in soft handover status [9]. The 
principle of SSDT is that the hest BS in the active set is 
dynamically chosen as the only transmitting site, and other BSs 
involved turn down their DPDCHs, only transmitting DPCCH. 
In this way, the interference caused by multiple site 
transmission is mitigated. Under our two-way soft handover 
assumption, only two BSs axe involved in the soft handover 
process. We can ignore the transmit power of PDCCH of the 
second best BS. Thus, for any mobile within the system, it only 
has connection with the hest BS and in (6), S'=O; 

5. NWQJCAL RESULTS AND DISCUSSION 

Table 1 and table 2 show the system parameters and features 
of three different types of service used in our analysis 
separately. All the values are taken from the practical ranges. 

TABLE I 
SYSTW P*R*MEmLE 

Svmhol Value 

a Path loss exponent 4 

y Pilot channel power ratio 0.2 
U Standard deviation of shadowing 8 dB 

o Orthogonal factor 0.6 
IY Chiprate 3.84 Mcps 

Service rype Bit rate Activity factor Ed10 target 

Voiccscrvice 12.2 kbps 0.5 5 dB 
Real time data Service 144 khps I I .5dB 

Nan real time data 384 khps 0.2 1 dB 

5.1. Performance Comparison of different algorithms 

Starting with a relatively simple situation, the downlink 
performance of 4 soft handover algorithms are evaluated and 
compared in a single service environment. Only 12.2khps voice 
service is required by users and there is no shadowing. Fig.5 
shows the system information capacity as a function of soft 
handover overhead. 

It is clear that when the soft handover overhead is less than 
about 4.5%, UTRA algorithm has the hest performance, SSDT 
and IS-95A are similar. However, when the overhead goes up, 
compared to the other three, the advantage of SSDT becomes 
fairly obvious. This is because distance-based, IS-95A and 
UTRA soft handover algorithms all use the maximal ratio 

combining technology, which has the advantage of 
macrodiversity, but also the disadvantage of extra resource 
consumption. When the overhead goes up, the extra downlink 
interference caused by multi site transmission goes up as well. 
At the time this disadvantage overweighs the macrodiversity, 
the performance is worse than selection combining (SSDT). 

m- 
0 i 10 $5 B 26 YI 

rOn handowa&ad(%(l 

Fig. 5 Comparison of information capacity with different handover algorithms 

From Fig.5, we can also see that the distance-based, IS-95A 
and UTRA algorithms have more and more similar performance 
when the soft handover overhead goes up. The reason for this 
phenomenon has already been explained by Fig.3. The shape of 
the soft handover zone for these three algorithms is quite 
different when the soft handover overhead is very small. But 
when the overhead goes up, the difference tends towards zero. 
Therefore, the performances are more similar. 

5.2.  Shadowing effects on soft handoverperformance 

Shadow fading is an inevitable attenuation in mobile 
communication systems. In most literature, it is represented by a 
lognormal distributed random variable with zero mean and a 
standard deviation of U. Fig. 6 shows the comparison of 
different soft handover algorithms under two extreme situations 
with o=OdB and o=XdB separately. The information capacity 
gain is obtained by comparing the capacity with soft handover 
to that without soft handover. 

, 1-30 
0 10 20 30 40 50 BO 

rofi handoveraverhead [%I 
Fig. 6 Camparisan of capacity gain wlth different (r 
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It is clear that the information capacity gain caused by soft 
handover is higher in a system with worse shadow fading. In 
o=OdB situation, there is hardly any capacity gain. While, in 
o=8dB situation, the maximum capacity gain is about 22%, 
corresponding to about 25% soft handover overhead.. 

Another conclusion we can get is that the distance-based 
algorithm might not be a bad approximate method for analyzing 
soft handover considering its simplicity. 

5.3. Performance comparison in multi-service environments 

Using UTRA soft handover algorithm as an example, Fig. 7 
and Fig. 8 show the system information capacity under different 
multi-service stmchue. 

Fig. 7 Information capacity in different mnlti-service environment 
384 kbps: 10% 

In Fig. 7 and Fig.8, the proportion of 384 khps non real time 
data service is kept as 10% and 0% separately. It is not difficult 
to see that the actual value of information capacity depends on 
the soft handover overhead, also on the multi-service Structure 
as well. When the soft handover overhead is fixed and the 
proportion of 384 kbps service is IO%, the system downlink 
information capacity increases with the decrease of 144 kbps 
real time data service. However, when 384 kbps service is 0%, 
the information capacity decreases with the decrease of data 
service. 

-sHOon**.dIoX 

12 I %* .*RlC. ,XI 
Fig. 8 Information capacity under different multi-service environment 

384 kbps: 0% 

Therefore, to maximize the information capacity, the soft 
handover overhead and the multi-service structure should he 
both considered. 

6. CONCLUSION 

Motivated by the asymmetric feature of 3G Internet and 
multimedia services, the downlink performances of four typical 
soft handover algorithms: distance-based, IS-9SA, UTRA soft 
handover algorithms and SSDT are evaluated and compared in 
this paper. Results show that when compared in the same 
system environment (same radio parameter, same service 
structure), the performance of different algorithms depends 
closely on the soft handover overhead. To IS-95A and UTRA 
algorithms, there is a tradeoff between the advantage of 
macrodiversity and disadvantage of extra resource 
consumption. When the soft handover overhead is kept under a 
certain value, UTRA algorithm shows the best performance. 
However when the overhead goes beyond this certain value, 
SSDT has better performance than others. This certain value of 
soft handover overhead is sensitive to shadow fading and the 
structure of the multi-service environment. By choosing proper 
soft handover algorithm and overhead, the downlink 
information capacity can he optimized. 
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