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Abstract

In this paper soft handover parameters in WCDMA system are investigated.
They include the effect of imperfect power control on the downlink capacity and power
assignment to the mobile station, the micro diversity gain which represents the gain in
the downlink direction, and the macro diversity gain which represents the gain in the
uplink direction.

The results showed that the power control error increases the total power
consumption by the mobile station which leads to decrease the capacity (number of
users per cell). Soft handover decreases the fade margin which leads to improve the
coverage area. During soft handover the mobile station needs lower signal to noise ratio
compared with no soft handover to obtain the specific bit error rate.
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WCDMAتقییم أداء المناقلة السلسة في نظام 

الدكتور سامي عبد الموجود                            صفوان حفیظ فصولة
جامعة الموصل/ قسم الھندسة الكھربائیة

الخالصة

السیطرة ھذه المعامالت تشمل تأثیر WCDMA. معامالت المناقلة السلسة في نظام تم تقییم في ھذا البحث
) وتخصیص MSإلى المحطة المتنقلة BSفي االتصال النازل(من المحطة الرئیسیة لقدرة على السعة لةلمثالیغیر ا
وكذلك كسب التصال النازلفي اوالذي یمثل الكسبالماكرو، إن كسب التنوع من الخلیة MSللمحطة المتنقلةالقدرة
).BSالمحطة الرئیسیة إلىMSتنقلة (من المحطة المالصاعدالّذي یمثل الكسب في االتصالوالتنوع

لمحطة الكلیة لاستھالك القدرةالزیادة فيإلىیؤدي الخطأ في السیطرة على القدرةإنالنتائج أظھرت
ھامش الخفوت مما تقلل. المناقلة السلسةخلیة)الإلى تقلیل السعة (عدد المستخدمین لكلالذي یؤدي و)MS(المتنقلة
فان المحطة المتنقلة تحتاج إلى نسبة اإلشارة إلى الضوضاء اقل المناقلة السلسةخاللالتغطیة.زیادة منطقة إلىیؤدي 

مقارنة مع مناقلة غیر سلسة للحصول على معدل خطأ محدد.
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1. Introduction:

Mobility is the main advantage of mobile cellular systems. The ability to
communicate anywhere, at any time was the main reason for great success of wireless
communications in the 90’s. Handover is the key concept in providing mobility. Handover,
is   the   process   of   changing   the   channel   (frequency,   time   slot,   spreading   code,   or
combination   of   them)   associated  with   the   current   connection  while   a   call   is   in
progress. Handover is divided into two broad categories: hard and soft handovers. They are
also  characterized  by  “break  before  make”  and  “make  before  break”,  respectively. The
first generation (1G) system employed Frequency Division Multiple Access (FDMA)
technique. In the second generation(2G) employed Time Division Multiple Access (TDMA)
technique, handover is performed by changing the carrier frequency used by a mobile station
(MS) in the adjacent cell, this type of handover is called hard handover (HHO). In the third
generation (3G), Code Division Multiple Access (CDMA) systems use soft handover (SHO)
procedure because all cells share the same uplink (UL) and downlink (DL)
frequency[1][2][3].

2. Basic Principle of Soft Handover:

Soft handover is a technique that allows wireless user equipment to stay connected to
several base stations(BSs) in Wideband Code Division Multiple Access(WCDMA) system.
CDMA technique makes possible the ability to maintain a previous connection while adding
a new one (make before break)[4].  The  soft   handover  process  is   different  in  different
transmission  directions.   In  the  uplink direction (UL)  the MS  transmits  signals  to  air
through  its Omni directional  antenna. Two BSs (or three BSs) in the active set(active set is
the list of cells that currently have connections with MS) receive the signals at the same time
due  to  the  frequency  reuse  factor  of  one   in  CDMA   system,  then   the   signals   are   sent
forward  to  the radio network control (RNC) for  selection combining. The strongest signal is
considered and  the other  is discarded. As a result,  in  the UL direction,  there  is  no  extra
channel  required  to  support  soft  handover  process. But  in  the downlink (DL),  this is not
the  case, when two or three BSs are transmitting simultaneously, the MS simply  combine
the   signals   from   different  BSs   since   it   sees   them   as   just   additional  multipath
components[5]. For this purpose, the MS containing the  RAKE receiver and its fingers
process the received signals[3]. During the soft handover, the MS communicates with two or
more  adjacent  cells  each  has  a  BS  and  these  BSs  are  controlled  by  the  same  RNC   (intra-
RNC)   or   different  RNCs  (inter-RNC).  To   support   soft  handover   in   the  downlink
direction, at  least one extra downlink channel  (2-way  soft handover)  is  required.
Therefore, to  support  soft handover in the downlink, more resources are essential[5].

3. Propagation Path Loss:

Typically in radio channel models, three effects contribute to the loss of a radio link
[6]:
1)   Path loss attenuation with respect to distance.
2)  Shadow fading (slow fading).
3)  Multipath fading (fast fading).

Path loss is the decrease of the received power with distance due to reflection,
diffraction around structures, and refraction. Shadowing occurs due to obstruction in the line
of site (LOS) path between transmitter and receiver by buildings, hills, trees, and foliage.
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Multipath fading occurs in a situation in which the transmitted signal reaches the receiver
over multiple paths. The sum of multipath signal results in fading dips[6][7][8].

The propagation loss is generally modeled by the following equation[9].

L(r, ζ) = rm . 10 ζ/10                                                                                                                 (1)

where "r" is the distance between the BS and the MS, "m" is the path loss exponent which
indicates the rate at which the path loss increases with distance. The value of “m” depends on
the specific propagation environment (2<m<4) typical value of 4 in urban area [10]. "ζ" is the
attenuation in decibel due to shadowing which is a log-normal random variable with zero
mean and standard deviation "σ" which is independent of distance, it ranges from 5 to 12 with
typical value of 8dB. The fast fading loss is not included in this model because it can be
processed by the RAKE receiver [3][7].

The  random  component  of  shadowing  may  be  expressed  as  the  sum  of  two
components:  the first  is  due to the near field of the user that  is  common to all  BSs, and the
second pertains to the receiving base station and is independent for each BSs [9].

ζi= aξ + bξi   where i is the number of interfering BS's.
a2+b2 = 1                                          where "a" and "b" are constants.
E(ζi) = E(ξ) = E(ξi) = 0  for all i,    where E() is the expected value.
Var (ζi) = Var (ξ) = Var (ξi) = σ2   for all i
E(ξ ξi) = 0   for all i
 E(ξi ξj) = 0   for all i≠j.

The normalized correlation coefficient of the loss due to two BSs i and j is given
by[9]:

   = a2 =  1-b2

a2 = b2 = ½ for normalized correlation between BSs.

4. System Scenario:

The system scenario consists
of seven-cell hexagonal grid, as
shown in figure (1). It consists of
serving  BS  at  the  center  and
surrounded by six interfering BSs
(first tire). Near the cell boundaries,
the shaded area represents the soft
handover  region  (also  called  soft
handover zone) and the remaining is
known as the non-soft handover
region. All the mobiles in shaded
areas are in soft handover status,
communicating with two or more
base stations   simultaneously.
Assuming that interference coming from the second tire can be neglected. The ratio between
soft handover region and the entire cell area is called soft handover overhead [11].

Figure (1). System scenario.
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5. Downlink Soft Handover Power Allocation and Capacity Estimation
Under Different Power Control:

· Perfect Power Control:
In WCDMA system, power control is one of the crucial functionalities for radio

resource management. Unlike that in the
uplink, the motivation for having power control in the downlink is not due to the near-

far problem but is due to one BS to many MSs. Perfect power control in the downlink
equalizes the received bit energy to interference power spectral density (Eb/Io) of all MSs at a
target value at all times and distance [7]. The Eb/Io can be expressed without soft handover as
[11]:

                                                  (2)

where (Eb/Io)n is the bit energy to interference power spectral density for user n, w is the chip
rate, Rbn is the bit rate for user n,  which  depends  on  the  type  of  service, vn is the activity
factor for user n, Psn is  the  required  transmit  power  at BSn allocated for user n, PTn is the
maximum transmit power of the serving base station (BSn), PTi    is the total transmit power

of interfering BS's (BSi) where  2 ≤ i ≤ 7 ,   is the propagation loss between serving

BS (BSn) and user n,   is the propagation loss between interfering BSi and user n, α
is the orthogonality factor and PN is the background noise power at the receiver.

The background noise power is negligible compared to the total interference received

from all base stations (  >> PN) [11]. Assuming that all users have the same bit
rate and all BSs transmit the same power level (PTn=PTi), then:

(3)

When an MS is in the soft handover status, all the BSs in the active set(AS) need to
allocate proper power for the downlink channels communicating with the MS. In the case of
2-way  SHO  (BS1  and  BS2), obtaining maximum ratio combining (MRC) in the receiver,
therefore the received Eb/Io is given by[2]:

                                                                                                       (4)

From equation 3, (Eb/Io)1 and (Eb/Io)2 can be found and hence  is:

                   (5)

Assuming balance power control Ps1=Ps2 [2].  The  total  transmit  power  dedicated  to
MS under 2-way SHO can be written as:
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                                  (6)

where Pt represents the total required power for the mobile under 2-way SHO.

The total transmit power from BS is composed of power for common control channel
and the sum of power for each downlink dedicated channel [7].

                                                                                                             (7)

where µ is the ratio of common control channel power to the total transmit power of the BS
and N is the number of active users within each cell.

                                   (8)

In this case the capacity under perfect power control when the MS is connected with two BSs
can be expressed as:[12]

       (9)

The same procedure can be followed to calculate   for the 3-way SHO (the active

set consists of three base stations BS1, BS2 and BS3)

                                                                                 (10)

The total transmit power dedicated to the MS under 3-way SHO can be written as[3]:

          (11)

The number of active users within each cell under 3-way SHO is[12]:
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                                                                                                    (12)

Imperfect Power Control:

In a practical system, the power control is not perfect. So, the power received by the
MS from its serving BS will differ from the target power level Ps by ζe dB. This power
control error (PCE) ζe is a random variable with zero mean and standard deviation σe. The
standard deviation σe reflects  the  degree  of  imperfection.   With  an  assumption  of  zero
standard deviation σe, one will have perfect power control. There are several reasons for ζe
being nonzero, such as the power measurement error at the MS and the inability to adjust the
BS transmitted power sufficiently fast to force ζe to zero. ζe range is 1 to 4 dB [7].

The transmitted power for imperfect power control error from the BS at its MS can be
expressed as in[7]:

  , Psimp = Ps + ζe [dB]                                                                       (13)

Substituting (13) into (6) and (11), the actual transmit power under imperfect power control
situation  with 2-way SHO and 3-way SHO respectively can be obtained as[12]:

                                                   (14)

          (15)

From equation (9) and (12) the capacity under imperfect power control when the MS
connected with two BSs and three BSs respectively can be expressed as:

(16)
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          (17)

6. Macro Diversity Gain:

Soft handoff provides gain against slow fading or shadowing which is either natural
or  man-made  large  structures  which  provoke  the  signal  strength.  The  macro  diversity  gain
appears because the received signal by the MS from BS1 and BS2 are not correlated [13].
Fade  margin  arises  due  to  effects  of  shadow fading  so  the  signal  in  the  coverage  area  will
drop below specific values. In order to overcome this, MS should raise transmission power by
a certain amount. The amount by which transmission power should be raised is called fade
margin [2]. Without shadow fading, the minimum power required is simply 10 m log (r),
where "r” is the distance from the mobile to the serving base station and "m" is the path loss
exponent. However, with shadow fading, it is impossible to guarantee that the received power
is always greater than the BS threshold value because of the tail of the Gaussian distribution
which extends to infinity. Therefore, the quality requirement (bit error rate) is usually
lowered such that the received power is guaranteed to be greater than the threshold, except
for connection failure (outage probability). To ensure this, a fade margin is added to the
transmit power. The outage probability in the system is defined as the probability of a call
dropping before it is terminated and is denoted by Pout [14].

The macro diversity gain is often defined as in [15]. If 1 is the shadow fade margin
(dB) required for one BS (no SHO). 2 is the shadow fade margin (dB) required for two
potential neighboring base stations (SHO allowed). Then the macro diversity gain is: 1- 2

(dB).
From [9] the outage probability when the MS is connected with one base station (BS1)

is defined as:

where ߮ is the shadow fade margin[dB], and ζ is the attenuation in decibel due to shadowing.

                                                    (18)

With SHO an MS can be connected to more than one BS simultaneously. The RNC
can choose the signal that has better reception quality. This is called selection diversity. An
outage occurs when both signals are of unacceptable quality. Thus, the outage probability
when the MS is connected with two base stations (BS1 and BS2) is [9][16]:

                                               (19)
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Since ζ1 and ζ2 are correlated according to their definition in equation (1), they can be
expressed in terms of independent variables ξ, ξ1 and ξ2 as:[9]

=

=

                        (20)

The same procedure is used when the MS is connected with three base stations (BS1,
BS2, and BS3) .

                   (21)
7.Micro Diversity Gain:

Soft Handover gives an additional macro diversity gain against fast fading by
reducing the required Eb/Io relative to a single radio link, because the fast fading from the two
transmit BSs is uncorrelated. This diversity gain is usually referred to as micro diversity gain
in  order  to  avoid  confusions  with  the  macro  diversity  gain.  The  mobile  can  coherently
combine  the  signals  from  the  different  BSs  that  are  included  in  the  active  set  since  it  sees
them as additional multipath components. Normally Maximum Ratio Combining (MRC)
technique is used, which provides additional macro diversity benefit [13].

The micro diversity gain is defined as the reduction of the required Eb/Io in SHO to
obtain the required bit error rate (BER) when compared to the required Eb /Io in a single radio
link [17]. Assuming independent BER for  the  different  connections  of  a  single  MS,  the
overall BER of MS can be derived as [18]:

                                                                                                         (22)
For  an  MS  in  two  way  SHO,  if  the BER on the first connection is 1% and on the

second connection is 20%, then the total BER seems at the MS is 1%*20%=0.2%. The
required Eb/Io can be reduced such that the total effective BER increases to 1% [15].

Figure (2). Soft handover modeling with two cells [11]
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Table 1 Parameters Used in the Simulation

For no SHO (MS connected with one BS) the average BER over fading channel for
coherent PSK modulation can be expressed as [10]:

                                                                                                 (23)

where Γ =  (Eb/Io) is the average value of the signal to noise ratio (SNR) and  is  the
mean fading power.  For =1, note that Γ corresponds to the average Eb/Io for the fading
channel.

For the MS in SHO status, the signals from the base stations are combined together
using the MRC. Thus the average BER when the MS in SHO status can be expressed as [10]:

                                   (24)

Where M is the number of the BSs in the active set(AS).

The power level difference (ΔP) between the two base stations can be expressed as
[13]:

                                                                                                            (25)

8. Results and Discussions:

In  this  section,  simulation  programs  are  using  MATLAB  V.  7.4  are  developed  and
used. Table (1). List the parameters used in the simulation [11] [3] [7].

Figure (3a,b) illustrates the transmitted power from two BSs (2-way SHO), and three
BSs(3-way  SHO)  to  the  MS  respectively  versus  normalize  distance  for  different  PCE.  For
perfect power control (PCE=0dB) the MS consumes minimum power in order to overcome
the  loss  due  to  shadowing,  distance  and  a  specific  bit  rate.  The  MS consumes  more  power
compared to perfect power control error by 5% to 133% when PCE is increased to 1dB and
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Figure (3). Total power required for the MS versus normalized cell radius

b

4dB respectively. For 3-way SHO the power needed is larger than 2-way SHO for the same
PCE.

Figure (4a,b) illustrates the number of users per cell which can be supported versus
distance for 2-way SHO and 3-way SHO respectively under different power control errors.
Increasing PCE will increase the power consumption by MS which leads to increase the
interference and decrease capacity (number of users per cells). The reduction in capacity due
to imperfect power control is 5.2% to 57% when PCE=1dB and 4dB respectively. The
number of users per cell increases for 3-way SHO compared to 2-way SHO for the same
PCE, this is because the power transmitted from one BS for 3-way SHO is lower compared
with the power transmitted from one BS for 2-way SHO.

Figure 5a illustrates the relation between fade margin and outage probability when the
user is at the cell corner (r=R), which represents the worst case, for no SHO and 2-way SHO.
For a fixed value of outage probability, for instance 0.1 the fade margin required to obtain
this value without SHO  is 10.25dB, while in the case of 2-way SHO the fade margin
required is 3.8dB, when a2=0(where a2 is cross correlation coefficient between two BSs), and
when a2=0.5 the fade margin required is 6dB. Figure 5b illustrates the relation between fade
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margin and Pout, when the MS is with 3-way SHO compared without SHO. For a fixed value
of Pout, for instance 0.1, with 3-way SHO the required fade margin is 9.55dB and 5.95dB
lower for a2=0 and a2=0.5 respectively.

Figure (6a,b) illustrates the required fade margin when the user moves away towards
the cell corner , for no SHO and 2-way SHO when Pout =0.1. For r/R=0.75 with 2-way SHO
the reduction in fade margin is about 3.2dB and 1.3dB for a2=0  and  a2=0.5 respectively.
Figure 6b illustrates the required fade margin for 3-way SHO. For r/R=0.75 the required fade
margin without SHO is 5.2dB, while for 3-way SHO is 0.27dB and 1.3dB for a2=0 and a2=0.5
respectively.

A

Figure (7) illustrates the micro diversity gain when the user moves away towards the
cell corner for 2-way SHO and 3-way SHO. for the MS is at the cell corner, with 2-way SHO
the required Eb/Io is 3dB lower compared without SHO, while with 3-way SHO the required
Eb/Io is 3.2dB lower compared without SHO in order to obtain the same quality of service(
QoS) as shown in figure 8. The 3-way SHO has a slight improvement(0.2dB) in comparison
w Figure 8 illustrates the BER versus average SNR for no SHO, 2-way SHO, and 3-way
SHO. From [13] the required BER for voice service is 10-3, to obtain this value, the required
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a b

SNR without SHO is 24dB, while with 2-way SHO is 12.1dB, and with 3-way SHO is  7dB.
It can be concluded that SHO decreases the average SNR by approximately 50% and 70% for
2-way SHO and 3-way SHO respectively when BER=10-3. For data service the required BER
is 10-4, for no SHO the required SNR is 33dB, for 2-way SHO is 17dB, and for 3-way SHO is
10dB. ith 2-way SHO as shown in the figure.

Figure 9a illustrates the effect of path difference between two BSs on the average
SNR.  For  a  fixed  BER,  (e.g.  10-3), increasing the path difference to 3dB will increase the
average SNR to 1.5dB compared with the case path difference=0dB, in order to obtain the
same BER. Figure 9b  illustrates the effect of path difference between three BSs on the
average SNR.
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9. Conclusions :

The following conclusions can be drawn:

· For perfect power control (PCE=0dB) the MS needed less power comparing
with imperfect power control in order to obtain same bit rate.

· WCDMA systems are interference limited, increasing PCE will increase the
power consumption by MS which leads to increase the interference and
decrease capacity (number of users per cells).

· For 3-way SHO the MS consumes more power (about 23% to 47%) compared
to  2-way  SHO,  while  the  number  of  users  per  cell  for  3-way  SHO  is  larger
than  (about  1%  to  5.4%)  compared  to  2-way  SHO.  So,  2-way  SHO  is
recommended  than 3-way SHO avoiding the complexity in implementation of
3-way soft handover.

· The fade margin decreased from 0.4dB to 9.5dB, when SHO is implemented
which leads to increasing coverage area of the cell.

· During SHO the MS needs a lower S/N to obtain the specific BER. For voice
service, 2-way SHO decreases the S/N by 11.9dB and 3-way SHO by 17dB
while, for data service 2-way SHO decreases the S/N by 14dB and 3-way SHO
by 23dB.
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