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ABSTRACT

In this paper, an effective estimation technique on the CDMA capacity in mobile satellite system (MSS) is descr-
ibed. The normalized éapacity estimation technique which can incorporate the characteristics of the system operating
in N-GSO (Non-geostationary satellite orbit) is considered. In order to include mobile satellite communication char-
acteristics such as faded user interference, a statistical channel model[1] is used. We present an example of up-link
capacity estimation results by using a MSS in low earth orbit. Comparison of the estimation results by diversity

scheme provided in this paper would make it possible to analyze the advantage of adopting a diversity scheme.

1. introduction The potential problem of using CDMA in MSS can
be summarized as follows[6].

As a consequence of the growing interest of the - Due to the longer round trip delay, only inaccur-
CDMA in mobile satellite systems, the feasibility often acy open-loop power control and imperfect in-
with the capacity issue has been discussed in several terleaving can be used.
papers [2]-[6]. Due to the characteristics of mobile - Due to the smaller delay spread (usually less
satellite channel, the gain of adopting CDMA system than 100ns), the coherence bandwidth of the sa-
in mobile satellite system is usually less than in ter- tellite channel should be at least 10MHz in order
restrial cellular system. Therefore the effectiveness of to take advantage of multipath diversity using
CDMA technique over the satellite channel should be RAKE receivers.
evaluated by accounting the characteristics of MSS. - The frequency reuse will cause multiple access
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interference, so, the coexist of several systems
will cause the capacity reduction of individual
system

- WARC-92 has set —142(dBW/m’/4kHz) as the

Coordination Trigger Level(CTL) of MSS. For
MSS, the CTL means the upper limit of user’s
receiving power flux density (PFD), i.e. CDMA
system works at a power limited condition, it
also causes the reduction of capacity.

Monsen[3] proposed an estimation method for
CDMA beam capacity by considering the problems
stated above comparatively in detail. In his work, ho-
wever, only a specific average capacity value has been
considered in a given environment instead of consi-
dering the variation of fading statistics with satellite
geometry. Faded user interference effect was included
by considering the amount of interference from the
users in the shadowing conditions to the users in the
clear view to the satellite. This requires shadowing
probability value which is very difficult to extract,
since the definition of shadowing cannnot be unique.
In [3], a specific results presented by Lutz[11] which
is a part of the measured values in city and highway
environment were used. This method, thus, can only
be applied to the specific conditions provided in {11].

In this paper, we propose a new estimation techn-
ique which can be applied to any environment which
can be expressed by a statistical channel model. Since
the statistical fading model was developed in ETRI
(Electronics and Telecommunications Research Institu-
te) [12] by using the Corazza model, and this model
can express mobile satellite propagation channels un-
der open, rural, and urban environments and thus this
model enables the proposed technique to be applied
to any situation.

In the proposed technique, the link availability is
firstly found with a given allowable system power
margin, and the effect of the faded user interference
is considered for the available links. The link avail-
ability and the faded user interference effect are
estimated as the movement of the satellites in a given
orbit constellation. These values will be changed by
the elevation angles and terrain. We present estimated
capacity resulting from the link availability and in-

terference with the variation of elevation angles in a

given environment.

A general capacity estimation method of the single
cell CDMA system and a practical formula suitable
for estimating beam capacity of the CDMA in MSS
are provided in Chapter 1I. The detailed expression
of the capacity estimation formula is given and also
the concept of each parameter used in the formula is
provided. In Chapter III, some estimation results are
given with the analysis of them, and finally in Ch-
apter IV conclusions are drawa with a suggestion of
further works.

I1. Capacity of the CDMA System

1. COMA capacity in terms of number of
users
In a single cell environment, the capacity of a
CDMA system in terms of number of users in a cell
can be express as [7],

PG
(Eb /No)mq (1)

N,—1=
where, N, is number of available channels to users
in a cell and PG is the processing gain of the CDMA
system which is the ratio of transmitting bandwidth
to transmission bit rate. The ratio (Eu/N,)re, is defined
as the ratio of energy per bit to the noise power
spectral density that is required by the particular
modulation and coding scheme utilized.

Since the system cannot be operated in a single
cell environment we need to impose the effect of
multi-cell system environment with other effects which
can increase or decrease the capacity. For example, in
the case of terrestrial cellular system with voice activ-
ation scheme and cell site antenna (typical 120° sector

antennas), the cell capacity can be expressed as

PG 1

Nuz (Eb/No)req __D—

FG, ¥4

where, D is the voice utilization factor which accounts
for the reduction in interference energy due to the
voice activation scheme, G, is the sectorizarion gain,

and F is the frequency reuse efficiency.
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2. CDMA Capacity in MSS Using Low Earth
Orbit
Similar to the capacity equations in the terrestrial
cellular system, the capacity of the CDMA system
for MSS can be expressed as

PG 1
(Eb /No) req FMA] (3)

N, =

As in the terrestrial CDMA system, there are se-
veral factor which incorporates the characteristics of
mobile satellite system. The Fuar in eq. (3) is defined
as the Multiple Access Interference (MAI) factor, and
represents the characteristics of MSS and the effects

of other performance improvement techniques. That is

Fiya = _vuLf—"}n (@)

where v, is the voice utilization factor, f, is the fade
margin factor, L, is the link availability factor, f; is
the frequency reuse factor, and r. is the range com-
pensation factor. The definition and estimation proce-

dure of each factor will be described.

2.1 Voice Utilization Factor (w,)

This factor, having values in the range between O
and 1, accounts for the reduction in interference en-
ergy due to the voice activation technique. In CDMA
systems, the interference levels can be reduced by re-
ducing the voice processing date rate during quiet
voice periods. Reducing the data rate but maintaining
a constant E, value leads to reducing the transmit
power, and produces a proportional reduction in the
interference power. In an ensemble of statistically in-

dependent users the voice utilization factor is then
vy = fHilva+(Q—v) 7 1+1- 1, ()

The descriptions and typical values of the variables

in eq. (5) are presented in Table 1.

2.2 Link Availability Factor (La)
This factor, having values in the range between 0

and 1, accounts for the reduction in the number of
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Table 1. Typical values of voice utilization factor (3]

variables description typical values
s fraction of voice users 0.8
v probability.that vc.)iclze user is active 035
(voice activity factor)
ry date rate reduction factor 0.25
Vie voice utilization factor 0.6

available channels because of the signal fading and
limited amount of system power margin. In other
words, L, is the fraction of users who can be provided
an acceptable performance of service and 1-L, is the
faction of users who can not be provided acceptable
performance of service with the maximum amount of
power margin, Later, statistical estimation results of
L, with and without satellite diversity will be presented

in detail.

2.3 Fade margin factor (fm)

This factor, having values of less than or equal to
1, accounts for the additional interference energy due
to the increase in other user power to combat fading
when the link is available. The increase in MAI due
to power augmentation by some of the users to over-
come fading depends on the percentage of the link
availability due to space and time geometry of the
satellite cell.

Because of the fading process and inability to track
the fading perfectly in a satellite cellular application,
these users require additional power to provide accep-
table performance under fading as opposed to non-fa-
ding condition. Let d.>1 represents this degradation
compensation factor. The faded user power must also
be adjusted for the resulting attenuation which is
defined as the attenuation factor, denoting a.>1. The
value of d. and a. vary from user to user depending
on the geometry. In this paper, same to the L., a. is
estimated by simulating the motion of a particular
satellite orbit constellation in a location in Korea with
the rural tree shadowed environment. In the case of
d., a single value is used which is for compensating
the performance difference of a specific modulation
and coding scheme in AWGN(Additive White Gaus-

sian Noise) and in Rayleigh fading channel.
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In the shadowed path between the transmitter and
the receiver, there are two fading possibilities: (1)
slow fading, e.g., stationary or slow moving (<2km/h)
users with shadowing, where the adaptive power con-
trol can track the fading variations, and (2) fast fading,
e.g., moving vehicles with shadowing, where the ad-
- aptive power control tracks the mean received power
and not the actual fades. In the former case the in-
terference factor is a., i.e. attenuation compensation
only. In the latter case the interference factor is a.d.,
i.e. both attenuation and degradation compensation.
We denote s; and sy are the fraction of the users in
slow and fast fading conditions.

To calculate the fade margin, we need to consider
the amount of power increase for the users whose
link is available with maximum allowable power ma-
rgin. For the down-link the fraction of users who
require a fractional power increase of either a.d. is
sr and ac is s; respectively The down-link fade ma-

rgin MAI factor in a single satellite system is then
Ffm = ssa.d.+ s;,a. on down-link )

For the up-link, the interference from a shadowed
user is independent of the attenuation because the at-
tenuation compensation by the adaptive power control
system and the attenuation in the medium cancel each

other. The up-link fade margin factor is
fm = s;d.+ s, on up-link )

As in the case of the L,, f» is also statistically

estimated.

2.4 Frequency Reuse Factor (f)

This factor, having values greater than or equal to
0, accounts for the additional interference energy due
to users in adjacent beams and the potential interfer-
ence decrease when ideal orthogonality is achieved
within the beam. The frequency reuse factor of the

CDMA systems can be calculated for up-link as follows

- I
fr= TN AT M4, ®

The descriptions and typical values of the variables

in eq. (8) are presented in Table 2.

Table 2. Typical values of frequency reuse factor

variables description typical values
N number of adjacent cells 6
N2 number of next to adjacent cells 12

A, A coupling values for N, and N 102, 29 (dB)

cells respectively

frequency reuse factor with

asynchronous PN seq.(up-link) 1:566 or 1.94B

The typical values in Table 2 were found by using
a square law path loss dependence for frequency

reuse in satellite systems.

2.5 Range compensation factor (r.)

This factor, having values of greater than or equal
to I, accounts for the additional interference energy
when antenna gain and range can not be perfectly
compensated over the beam area. That is, additional
interference in a multiple system application results
from the inability to equalize the antenna gain to
path loss ratio over the satellite cell. The effects,
however, will not be included in this paper since we

will only consider a single satellite system case.

IT1I. Estimation Results

The up-link capacity of CDMA in a MSS has
been estimated by using the orbit constellation of the
Globalstar system of which space segment is comprised
of 48 LEO satellites[9]. The satellites are organized
in a 48/8/1 Walker constellation (8 satellite planes
with 6 satellites per plane), with 1414km altitude and
52 degrees inclination. Orbital period is 114 minutes.

In the capacity estimation procedure, first of all, we
need to know required Eu/N, value which is depen-
dent on the particular modulation and coding scheme
employed. In this paper, the transmission scheme of a
terrestrial standard (IS-95) for cellular communications
is used. In Table 3, modulation and coding schemes
and required E,/N, value is presented.

2749

www.dbpia.co.kr



P EA8 3| =84 *98-10 Vol.23 No.10

Table 3. Estimation of the required E,/N, value for up-link

modulation 64-FSK
coding convolutional code(r=1/3, K=9)
theoretical (Ep/No)reg (dB) 39
Implementation loss(dB) 0.5
power control margin{(dB) 1.0
pilot power(dB) 0.0
combining loss(dB) 0.0 1.0 (with diversity scheme)
effective (Ep/No)req(dB) 54 6.4(with diversity scheme)

The implementation loss in Table 3 is the loss for
the modem used in the system, and 0.5dB is a typ-
ical value for the digital modems. As mentioned ear-
lier, the adaptive power control tracks a slow varying
mean value of attenuation in a satellite system instead
of the actual attenuation value because of the longer
round trip delay. Because of this imperfect power
control, extra margin must be provided at the demodu-
lator. A value of 1dB is used here, which is the same
value to the one used in the Globalstar system.

In a system with path diversity, the signals can be
coherently combined with negligible loss in the down-
link direction with the aid of two down-link pilots.
For the up-link, square law combining is optimum
under the worst case -Rayleigh-fading conditions that
may occur in a shadowed environment. Usually, there
is about a 0.8dB combining loss when equal strength
signals. When the signals are unequal, this loss is
somewhat larger. A value of 1dB is used since the
signal strength is not usually the same.

Evaluation of the MAI factor is also required to
estimate the capacity. Among the factors which con-
sists of MAI factor, the link availability factor(L,)
and the fade margin factor (f») are the factors of
which values are varied as the satellite moves. The
propagation model which describes the fading condit-
ions of MSS[1] was used, and as an example of the
tree-shadowed rural environment was employed.

By simulating the motion of the satellite constel-
lation in a tree-shadowed rural environment in Korea
located at 127° E and 36.5° N, the statistical data of
the signal propagation has been collected for every
possible elevation angle. That is, all necessary para-

meters for evaluating Fmai, such as the link avail-
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ability, mean value of attenuation when the link is
available, and etc., have been statistically produced
with the variation of elevation angles. In order to
estimate the average capacity, the percentage of time
of elevation angles are also investigated during 350
orbital periods which can cover the whole satellite

motions.

1. Fading Statistics and Capacity of Sys-
tems without Satellite Diversity

In the systern without satellite diversity, we assume
that a user communicates with the satellite which
provides the highest elevation angle to the user. In
Figure 1, the time percentage are taken by collecting
the best elevation angle values at the given geograph-
ical point. When the system power margin values are
provided, the variations of the link availability with
elevation angles are represented in Figure 2. A larger
link availability can be achieved with a larger power
margin. In this paper, we consider 4 different values
of power margin, 10, 15, 18 and 20 dB. Figure 2
indicates that, for example, in order to achieve 90%
of link availability with 10 dB link margin the min-
imum elevation angle required is about 65°. Since
the eclevation angle changes as the satellite moves,
average values of link availability considering per-
centage of time at each elevation angle should be

considered for the system design process.

Pevcenlaue 0
of Time (%) 9
8
7
6
5
4
3
2
1
0
% x © 0 8 &6 74 &

Elevation angle (deg.)

Figure 1. Percentage of time at each clevation angle (the
best elevation angle)

Figure 3 and Figure 4 show the variation of the
normalized capacity with elevation angles. Figure 3

shows the capacity curves which were drawn by est-
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imation results with a given value of power margin,
10dB, and with various values of S; (fraction of users
in slow fading condition). As mentioned earlier, the
fade margin factor is dependent on the conditions of
fading environment (ie., slow or fast fading). As
shown in Figure 3, if the faction of the users in the
fast fading conditions increases, the capacity decreases.
This is because a larger compensation power is re-

quired for users in fast fading conditions.

1w
e 6 2
0
n
ol - A M .
By “ power margin (d8)
“© R |} i
X 15
) —— 18
10 =20
0

VM AV PV O P & W O DX
Elevation angle (deg.)

Figure 2. Variation of link availability with elevation an-
gle and given link power margin in tree-shad-
owed rural environment

0.4

Normalized
capacity
03t

0.2

10 20 30 40 50 60 70 80
Elavation angle (deg.)

Figure 3. Capacity variation according to the variation of
the fraction of users in slow fading conditions
(S5

On the other hand, Figure 4 shows the capacity
curves which were drawn by estimation results with
a fixed value of Ss= 0.7, and several different values
of system power margin. As Figure 4 indicates, the
capacity increases with power margin in lower elevat-
ion angles. However, in higher elevation angles, the
capacity is independent of power margin values. This
is because larger power margin means higher interfer-

ence, and capacity is decreased.

04
Normalized
capacity
03

02 power margin

——-10 !
——15 - |
——18

0 Pyl 0 40 3] 23] 70 4]
Elevanon angle (deg.)

Figure 4. Capacity variation according to the variation of
the system power margin

2. Fading Statistics and Capacity of Satel-
lite Diversity System

If a system employs the dual path satellite diversity
schemes, one should consider the time percentage of
both satellites’ elevation angle communicating at the
same time. Figure 5 represents the probability of the
second satellites” elevation angle providing the first
satellites’ elevation angles are given such, and Figure
6 is the 2 dimensional plot showing the joint proba-
bility of both elevation angles in the dual path diver-
sity system at the location of 127° E and 36.5° N.

© Elavation-angle-ol
the 1st satellite
Percentage ¥ {deg.)
of Time (%) a9 ' ' -3
» ' ' -0
——
0

0 L L iy

10 D ko) L0 1) 54
Elevation ange of the 2nd satellite (deg.)

Figure 5. Time percentage of the second elevation angle at
a given elevation angle of the first satellite in
the dual path diversity system

Using statistical data of the fading characteristics
of the given orbit constellation at the given point,
the link availability factor and the fade margin factor
has been estimated in the dual path diversity system.
Figure 7 and Figure 8 show the link availability and
capacity plot with variation of both elevation angles

of two satellites.
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ik aviabitty (%)

Figure 6. Percentage of time of elevation angle in the dual

Figure 7. Variation of link availability in the dual path
path satellite diversity system

satellitc diversity system

SR
Sl
ORI
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5
BN
e

Nofmalzea capacty

Figure 8. Variation of normalized capacity in the dual

path satellite diversity system
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3. Estimation of Average Capacity

Table 3. Average capacity accounting the percentage of
time of elevation angles

Power without with with diversity
margin(dB) diversity diversity (effective)
10 0.21 0.21 0.11
15 0.20 0.41 0.20
18 0.20 0.60 0.30
20 0.20 0.80 0.40

Table 3 shows the average normalized capacity
which was estimated by considering time percentage
of elevation angles at 127° E and 36.5° N. The effect-
ive capacity with diversity scheme is estimated by
acunting that a user occupies two channels in differ-
t satellites at the same time. That is the effective
capacity is the half of the estimated capacity in dual
path diversity system. Although the effective capacity
in the diversity system is smaller than the one in
non-diversity system, the capacity enhancement will be
much larger in the aspect of overall system capacity.
This is because the traffic distribution is non-uniform,
and in most of the cases a user in highly populated
area can occupy another channel in the satellite which

have a very low traffic load.

IV. Conclusions and Further Works

In this paper, the capacity estimation technique of
the CDMA scheme in MSS was proposed. It is fo-
cused on the variation of link availability and fading
margin values according to the elevation angles at a
given area, and their effect on the capacity values.
By averaging the capacity values with percentage of
time of the elevation angles in the area, average ca-
pacity values and effective capacity in the diversity
system have been found. The estimation results with
fading statistics in the rural area showed that the beam
capacity can be increased by adopting the dual path
diversity scheme. The proposed technique is thus tur-
ned out to be very suitable to estimate CDMA system
capacity operating in low earth orbit.

In order to estimate the overall system capacity, the

www.dbpia.co.kr

fading statistics of various environment and the distri-
bution of each environment in whole service area
should be investigated. Traffic distribution of the ser-
vice area and resource allocation scheme of the consi-
dering system are also important factors to determine

the overall system capacity.
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