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Abstract :-Effects of soft- handoff (HO) on voice/data integrated services have been presented in this paper. tra.
Outage of voice is considered while performance of packet data transmission using multi-code (MC) CDMA of .
is evaluated on basis of throughput and delay in integrated CDMA in presence of soft HO. Influence of ba.
physical layer issues like soft HO parameters, shadowing correlation, power control error (pce) on voicel in
data performance has been investigated. The impact of higher data rate and voice user on data performance se
is indicated. ge
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1. Introduction ; . E

“ping-pong” effect as present in hard HO, probability of L{

Wireless networks are evolving to support multimedia  |ost calls and eases power control [5). Since a mobile "
services such as voice, data and video. CDMA is a (MS) is power controlled by the BS requiring the least e
potential access technique for supporting multimedia  power, soft HO extends the coverage and increases the (i
traffic. Maintaining quality of service (QoS) of users is  reverse link capacity by providing base station diversity B
an important requirement for successful operation of  and reducing overall interference [7,8]. Soft HO has been T

cellular networks. The QoS of radio link is often
determined by SIR (signal to interference ratio). The fall
of SIR below a threshold causes an ‘outage’ of the radio
link and hence degrades the QoS [1,2]. Itis important to
evaluate the probability of such event in order to estimate
the cellular capacity [1]. The demand for high rate packet
data in wireless networks is growing at a rapid pace [3).
Variable spreading gain (VSG) CDOMA and Multi-code
(MC) CDMA [2,3,4] are two interesting schemes for
increasing data rate. In VSG-CDMA scheme, the
spreading ratio is reduced as the data rate is increased.
In contrast, several codes are allocated to a single user
for parallel transmission in MC-CDMA as data rate is
increased [2,11].

One of the important features of COMA is soft handoff
(HO) where the HO mobiles near a cell boundary
transmits to and receives from two or more BS-s
simultaneously [5]. Soft HO provides a seamless
connectivity in contrast to hard HO by allowing a “make
before break approach” connection [5,6]. It reduces
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shown to improve outage performance in [6].

Since soft HO affects the generated interference at
physical layer, it is expected to have significant impact
on outage performance of voice and successful
transmission of data. Effects of soft HO on outage is
analyzed in [6, 9] where only one kind of user is
considered. However for integrated services in CDMA,
it is necessary to consider the joint performance of both
voice and data.

In this present paper we carryout simulation studies
to evaluate the effects of soft HO on integrated voice/
data services in an imperfect power control CDMA. Voice
users transmit on a single code while data users transmit
on multiple codes using MC-CDMA. Influences of soft
HO parameters, shadowing correlation, pce are studied
on outage of voice and throughput and delay
performance of data. The impact of higher data rates
(multiple codes) is also indicated.



The paper is organized in the following manner.
~ Section Il and Il describe system model and simulation
. model respectively. Results and discussion are
presented in section IV. Finally we conclude in
section V.

Il. System Model

A hexagonal cellular layout with three sectors percell
supporting equal number of voice (N, ) and data users
(N ) per seclor is considered. A basic transmission rate
of Ry, Is considered for a voice user transmitting on a
single code, where as a data user can transmit at a higher
rate ry R, using r, number of codes for parallel
transmission in MC-COMA. The processing gain (pg )
of all codes are equal; where pg = W/R, ; W is spread
bandwidth. A “continuously active” data traffic model as
in [10] is considered where each user generates a
sequence of fixed length packets. A new packet is
generated as soon as the preceding packet is delivered
successfully. The activity variable g, for voice is modeled
as binomially distributed r.v. with Plp,= 1) = @, The
reverse link of a cell is considered. The soft HO region
s defined based on the distance from the base station
(BS) as in Fig.1. An MS located outside the handoff
boundary R, is considered to be under soft HO with
three neighboring BS-s. Each sector is divided into two
regions, soft HO regions (B, C, D) and non-HO regions
(A, E, F) of cell #0,1and 2 respectively in Fig.1. BS,
B85, and BS, are the BS-s of cell #0, 1 and 2 respectively.
The propagation radio channel is modeled as in [6]. The

link gain for a location (r,8) is
Gi(r,0) = dy(r.0) “7 1055110 (1)

where d(r,0) is the distance between the MS and
BS;,¢p is the path loss exponent and s/10 js the
log-normal component with £, as normally distributed
with 0 mean and variance o2 . The shadow fading at i-
thBS is [6,7]

ot =al +bg; with 42 4 p2 —) (2)
{ and £, are independent Gaussian random variables

with zero mean and variance o ,2 Out-cell interference

Is assumed to consists of interference due to MS-s from
region ( E,C,) of cell #1 and (D,F) of cell # 2. The
referance user (voice or data) is located in non-HO region
of reference sector i.e. in region ‘A'. Total in-cell
interference in cell #0is 1, =1, +1y (3)
where | is dueto all MS-s in Aand 1, is due to MS-s
in B. The out-cell interference is
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JOHI:EUE +I'E-| +!|:‘2+;f0} (4)
lg is the interference due to MS-s in E and connected
to BS,. Similarly /.| and I, are due to MS-s in region
C and power controlled by BS, and BS, respectively. I,
is due to MS-s in C and controlled by BS . A multiplication
factor of two is used in eqn (4) to include contribution of
cell #2. The actual received power from a desired user
is 7 =5;¢5 ,where Sis a Gaussian r.v. with mean 0 and
variance 2. Expressing o, in dB, o=0,/A ,
A=In(10)/10 where and o is pce in dB. Let be the
required received power level at a reference BS, where
i =v or d depending on voice or data user respectively.
A simplifying assumption of §,=S§,;=5p is made.

For a desired voice user, the in-cell interferes 1, consists
of (N, —1)voice and N, data interferers. The SIR of a
desired voice user is §/R=y/ /. The probability of

outage for a desired voice user B, = P(SIR <y,’) (5)

where y," =y, / pg . vy is the threshold for SIR. A
correlation receiver in the uplink is assumed. The BER
(F,) for data user is simulated as described in later
section in the above soft HO environment considering
direct sequence spreading and BPSK data modulation
with spread band width (b.w) W. Forthis case the in-
cell interference consists of voice and data interferers.
The retransmission probability is given as
Prel—(1—p,) " = (6)
where L, is the length of the packet in bits and is the
FEC code rate. For continuously active data users, the
average packet delay is the same as the packet transfer
time T as there is no waiting delay in the queue. The
time required for transmitting a packet of length L bya
data user transmitting at a rate of ry Ry is

Ly Lupe
Ipme—re (7)
rgRy Ry

Ry is chip rate. We assume that acknowledgement from

the receiver is instantaneous and perfectly reliable. The
average delay [11]

Ly pg
e (®)
Ry (1=P)ry
The average throughput (G) is defined as the average
number of information bits successfully transferred per

sec and is given as [11]
sz'ﬂr‘ =’rth.“_Pr)"a‘ (9)
D PE
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In the next section we briefly describe our simulation
model which is used to evaluate BER, delay and
throughput of data and outage for voice in described
soft HO environment.

Ill. Simulation Results

The simulation is developed in MATLAB. The soft HO
region boundary R, given as R, =R..1- PR, where
R.is the radius of the cell, normalized to unity and
hexagonal cell is approximated by a circular one with
radius R,...

PR, indicates the degree of soft HO. Users are assumed
to be uniformly distributed.

A. Generation of users location and interference

1. The number of voice and data users (N,,N,) is
input variable.

2. Locations (r,0) ofall(N,,N,) users are generated
and users are divided into non-HO (N, ;. N,) and
soft HO region ( N,,, N, ) based on their locations.
Here N, and N, are voice and data users in non-
HO region, N,, and N, are voice and data users
in soft HO region respectively.

MS-s in non-handoff region : Ny = N, + N, and

MS-s in soft HO region: Ny=Ny + Ny,

3. For each MS in soft HO region (N, ), the link gains
corresponding to each of three Bs-s involved in soft
HO are generated as

Gi(r,@)=r “Pes, i=1,23 where & are Gaussian
r.v-s with mean 0 and variance »2¢,?, r; is the distance
from i-th BS. The user is power controlled by the BS for

which the link gain is maximum i.e. it is power controlled
by

(i) BS, if Gg=G; and Gg>G;
(i) BS, if Gy >Gx and G >G,
(i) BS, if G, >Gx and G,;>G, (10)

4. The interference received at reference BS due to
an active voice user

| = Sgpexp(r,) if connected to BS, (i)

G
= Spexplr,) (—R) if connected to BS, (ii)

if connected to BS, (i) (11)

r, 15 a normal r.v. with 0 mean and standard deviation
. For data user, above eqns (i) to (iii) is multiplied by
r4 - Sgis normalized to unity in the simulation since SIR
is unaffected by assigning S, =1. Total interference due
to all Ms-s in seft HO (M) is /5.

a,

5.

lrL‘.
while for a desired data user

S e
la=3g ¥ pue™ +r,
f=1

6.

B.

C.

-
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. Activity of a voice user is checked. A random number

. Steps B(2) and B(3) are repeated large (number of

. Asequence of random data bits +1 or—1 is generated

A Gaussmn noise sample nyis generated with

e

Next interference due to N, MS-s in non-HO region
(A) of reference cell, each power controlled by BS,
For a desired voice user :

Nyp =1 i N .
=Sg é @ue™ +1,5g i(. R
i=l J=1

(12)

N = Loe
45 R g:n

2 13 B

Now the interference due to MS-s in adjacent sectors
i.e. (region E,C,D and F) of cell#1 and #2 are found
in similar manner. The number of MS-s in E and F :

are (N, + Ny,) each. The interference is found
following step 3 and 4.
Let f;‘—‘f'g'l-fc- and f4=f9+f.;.- (14)

. Total interference to a desired user -
fl-=f|.‘-+f2+13+f4 (15) E

where i= vor dfor a desired voice or data user.

. Signal from desired usery=5,.%, SIR for

voice: SIR, =U /I, and for data : SIR; =U /1,

Outage Simulation

u, uniformly distributed in (0,1) is generated. If §#&
iy <@, user is active i.e.¢, =1 else it is inactive &
andg, =0.

. SIR,for a desired voice user is generated and |

compared with y/,, where v/, =y, / pe .

. If SIR, falls below, an outage counter (outage_ coum}

is incremented. B

times to yield an estimate of E

as Py, =outage _count|/ N,

BER simulation of data e

which indicates the transmitted bits.

vananceo =1./(2.pg.SIR,;) and added to each |



transmitted bit, where SIR, is found following steps
A(1) to A(8) for a given pg .

3. The received bit is first detected as +1 or -1 after
comparing with a threshold of 0. Then each received
bit is compared with corresponding transmitted bit
and an error_count is incremented in case they
disagree.

4. Steps C(1) to C(3) are repeated for a large N
number of times to yield estimate of BER as
Fe =error _countI N,

D. Delay and Throughput simulation

1. Apacket consisting of L (= 1eLp) information bits are
generated .A sample of Gaussian noise as in C(2)is
added to each transmitted bit of a packet.

2. The received L bits of a packet are checked with their
corresponding transmitted bits and in case they
disagree, a counter (error_count) is incremented. If
(error_count) is zero for any packet, the packet is
received correctly else the packet is in error.

3. If the received packet is incorrect, the same packet
( I.e. same bit pattern as in D (1) ) is retransmitted
and a counter (retx_count) is incremented. This is
repealed until the packet is received correctly.

4. Steps D (1) to D (3) are repeated for N, packets
and retx_count is recorded.

5. Average delay (D) is estimated as
(N, +rerx count)./ N ,)T; where T;is as in eqn (7).

6. The throughputis: G =L,r./D

7. Total number of erroneous packet is counted out of a
large number of transmitted packets to estimate the
packet error rate (PER).

The simulations are carried out ensuring 95%
i confidence limit.

IV. Results and Discussions

The effects of parameters PR, and ,2 on outage of
. voice and delay and throughput of data are investigated.
~ Thefollowing parameters are used in simulation. Spread
. bw W = 4.096 MHz, chip rate Ry =4.096 Mcps,
| Ry=16Kbps, pg =256, L,=1024, pce o =1and 2 dB,
SIR threshold y,,= 7 dB, &,=4, o, =6 dB, rg="lor2
- andr.=0.5.Two cases of shadowing correlation at=D
- and 0.3 are considered. Similarly two values of 0.3 and
£ 0.7 are assumed,
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Fig.2 shows the effects of PR, and o on outage of
Vvoice user while N, = 2. A higher value of means more
MS-s are in soft HO mode. Thus increase in is found to
improve reverse link performance significantly by limiting
the interference. For example at 5, reduces from
3.6e-02 to 2.7e-03 as increases from 0.3 to 0.7 curves
(i,iii). Increasing shadowing correlation () has the same
effect as reducing for the assumed correlation model
[6]. Thus for a given , as increases from 0 to 0.3, outage
performance improves i.e. reduces [curvestiii,iv)]. Further
effects of higher data rate on voice outage are also
depicted. More allocated codes (increases due to higher
data interference as in curves (ii, iii).

Fig.3 shows the effects of PR, , pce and voice users
on BER of data while ,2=0.3 and r, =2, Higher degree
of soft HO reduces BER by reducing the overall
interference. Thus as increases from 0.3 to 0.7, BER
reduces from 4.7e-03 to 4.1e-04 for [curves (i,iv)]. As
the number of voice users is increased from 4 to 8 while
other conditions are same, the data BER is increased
due to increased voice interference curves (ii, iii). A
higher pce of 2 dB increases BER as compared to pce
of 1 dB while other factors are same [curves (iii,iv)]. Since
BER is affected by PRy, pce and voice interference,
these factors will influence data throughput and delay.

Fig.4 shows the packet error rate (PER) or
retransmission probability (P, ) vs number of data users.
PER is affected in a similar manner as BER by PRy, .
Higher shadowing correlation ( ,2 ) reduces PER [curves
(iii,iv)]. Higher number of allocated codes increases PER
due to increased interference, for example P, increases
from 4.3e-02 to 1.5e-01 as r,increases from 1 to 2
at N, =35 [eurves (ii,iv)].

Fig.5 and Fig.6 show the effects of soft HO on average
delay (msec) and throughput (Kbps) of data respectively.
Since higher PRy reduces BER of data, average delay
reduces as increases from 0.3 to 0.7, [curves (i,iv)] in
Fig.5 and correspondingly throughput increases as seen
in curves (ii,iv) of Fig.6, Increase in shadowing correlation
(g2) from 0 to 0.3 reduces delay and increases

throughput for moderate traffic ( N4 =6 onwards) due
to lowering of interference of MS-s in non HO region as
observed in curves (iii,iv) of Fig.5 and curves (ii,iii) of
Fig.6 respectively. Effects of multi-codes are also
depicted. Up to a certain number of users, Ny,=6;

higherrate ( r =2 ) leads to higher throughput and lower
delay due to reduction in average packet transfer time.
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However interference also increases with higher number
of codes, which tends to increase packet error. This
second effect dominates with increase in traffic and
results in higher delay [curves ( ii,iv)] in Fig.5 and lower
throughput [curves (i,ii)] in Fig.6.

V. Conclusions

Performance of packet data transmission using MC-
CDMA in presence of voice is evaluated under influence
of soft HO. Higher degree of soft handoff reduces outage
of voice and BER of data. Thus throughput and delay
performance of data improves with increase in level of
soft HO. Higher shadowing correlation also reduces
outage and improves delay and throughput of data by
reducing packet error. Higher pce as well as more voice
users increase data BER. Higher number of allocated
codes degrades data performance beyond a range of
traffic. Thus soft HO parameters, shadowing correlation,
number of allocated codes and pee significantly influence
the system design for integrated services in cellular
CDMA,
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Fig.1 Cellular Layout for soft HO. A, E, F are non HO -
region. B, C, D are soft HO region. Cell # 0 is reference -
cell
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