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Abstract typically the bottleneck of the capacify [3]. So far, the down-
link analysis has been developed either without constraints on

_ _ _ _ tma limited spacecraft powelrl[4], or under the hypothesis of
the downlink of a DS-CDMA mobile satellite system which,, orthogonality between the spreading sequences [5], [6],

allows to evaluate the impact of the power limitations expectfgjl The latter actually applies only in the case of a very low
in a satellite-based access in terms of capacity. The methggfellite load, below the codebook limit (namely, less that 256

ology has been applied to compare an optimum power “Qice users for the Wideband CDMA (WCDMA) radio inter-
trol, providing BER-driven thresholds, with a pure Signal—tof—ace)

This paper presents a novel methodology for the analysis

In both cases, the actual sensitivity of capacity with

Interference ratio (SIR)-based strategy. Relationships am%gpect to power management strategies, as power control and
service BER, channel states statistic and expected dynagg?e”ite diversity

range of the outer-loop process are derived. Concluding re-

cannot be fully appreciated.

In this frame, the present paper proposes a novel ap-

marks on power management policy, and its impact on the

h . : .
) ) proach for the analysis of power control and diversity over
overall capacity, are given.

the satellite-to-mobile link (downlink). Both for a single re-
. ception system and a dual-satellite diversity system, a BER-
| Introduction driven power-control and a SIR-Driven power control scheme
. . . . . ar mpared. Furthermore, an improv wer man men
The third generation Universal Mobile Telecommunlcaa}eco pared. Furthermore, & proved power management

. . . strategy for power limited system is proposed.
tions Systems (UMTS) foresee the integration of a Terres- gy for power fimi y 'S prop

trial component (T-UMTS) and a Satellite component (S— The paper is organized as follows. In Section Il the system

UMTS) in order to provide global mobility Wide—BandmOd8| is presented; Section Il describes the analysis method-

Code Division Multiple Access (WCDMA) has been Choology. Results obtainable with the proposed approach are

sen as the basic radio access technology for the terrgg[wed and discussed in Section IV. A proper power man-

trial component of UMTS/IMT2000 (International Mobile agement strategy is described in Section V. In Section 6, the

Telecommunications—2000),1[1]\[2]. CDMA technology L{nam results are summarized, conclusions and perspectives are

considered for the S-UMTS component as well, in order g(gawn.
ease dual-mode integration (satellite/terrestrial) and to lower
cost and complexity. 1 System Model

In the literature, most of the performance analysis of Di-
rect Sequence (DS) CDMA mobile systems deals with the upet us assume that a total number of uskrs are served by
link that is the most critical link in terms of capacity in terres?/ satellites in visibility. For each satellite an average load of
trial mobile systems. In satellite systems, due to the on-boakdusers is uniformly distributed amony, spot beams and
power constraints, the satellite-to-mobile link (downlink) isvV,. carriers. Each carrier is accessed according to a QPSK-



based DS-CDMA. No time synchronization among the dithe control scheme. We assume, without loss of generality,
ferent satellite signals is assumed, so that the signals coming-= 0, ¢; = 0. In (d), the first term is the useful one, which is
from different satellites generate asynchronous interferenuet zero only if the received signa,; comes from the serv-
after despreading at the demodulator site. Cross polarizating satellite, whereas the second one accounts for the MAI
frequency reuse and Voice Activity Detection (VAD) are usecbntribution. The number of terms in the related summation
to reduce interference. The actual orthogonality degree expeexpressed as the equivalent Idsd™ which contributes to
rienced in the downlink is assumed to be a function of the totale interference coming from satellite (see [3] for a similar
number of user# [7]. An hybrid satellite diversity scheme isapproach). Assuming the same average load for each carrier,
assumed: Selection Diversity (SD) when the user is not shdidam and satellite, it results:
owed with respect of one satellite at least; Rake receiver with

K Y0 — Gm

Maximal Ratio Combining (MRC), when the user is shadowed K™ 2 B{K ™ [n]} = NPT,

2

with respect to all satellites. A BER-Driven power control is

considered. It is a closed loop power control system whid¥1€rea is the average value of the voice-activity_flactpris
consists of two parts: an inner and an outer loop. The inr€ Polarization isolation factor, = { o G[9]d9} is the
loop is a SIR-based power control, i.e. the receiver compaR&am overlap factor out of the beam widthand(,, is the

the estimated received signal to interference ratio (SIR) wittgipPal interference reduction term due to orthogonality, which
target value and commands the transmitter to increase or DS out to depend on the number of users per satélitét
crease the power accordingly. The loop is assumed to be aHi@uld be noticed that the term, < 4o — ¢, is the ratio

to compensate for large scale signal variations, but not capa®iéhe total MAI coming from the wholen-th satellite to the

to counteract the fast fading components. Hence, the receifdigrference that the user experiences only from its own spot
E,/Nr after power control, wher&/; includes both thermal beam (se€ 8] and references therein). For those satellites not
noise and MAI (Multiple Access Interference), is still variableengaged in the connection, namelyfor 4, the received sig-
Therefore, the effectiveness of the inner loop depends on fi is totally unsynchronized;,,, = 0 and~,, reduces toy.
propagation conditions of the user of interest. The outer lofpthese cases the equivalent number of usérd) reaches its

is needed to compensate such variability, adjusting the tar§éximum value. As for the reference satellifgo interfer-

SIR so that all users obtain the same performance in term<£8fe is experienced by the user if the satellite load is below the
bit error rate. Let us denote by, (¢) the complex envelope of codebook limit, namely; = 0 for /N, < 2N, being/V the

the signal received by thgth user from then-th satellite, be- spreading factor. When the satellite load increases over this
ing satellitei the service one; neglecting the data modulatidnit: Some non-orthogonal transmissions have to be superim-

component, we have posed on top of orthogonal multiplexing afid< ~; < .
As K becomes large, the MAI contribution of each satellite
Uy (£) = B (1)[00[m — i] /2P; ¢j(t = Tmj) + can be approximated as a zero—-mean Gaussian random vari-
K able (rv); its power, normalized to the channel gd?ﬁ?), can

V2P, ci(t — T .
; k ©k(t = Tmj)] be written as:
whereh,,,; (t) = hy,;(t) exp(jem;) is the channel gain from Pz(m) ~ Eon Ry Kém) —EynRuK pa Tm

satellitem, dy[n] denotes the Kronecker delta functia®, is Ny Ne
{ IOW  for m=1i (synch. interf.)

Tw)W  for m#i (asynch. interf.() )

the power transmitted to thieth usercy (¢) denote the spread-
ing waveforms and,,, ;, uniformly distributed in the signaling
interval T, is the moduld?’ delay from satelliten. The trans- being Fy = P,/ R, the nominal bit energyR, the user data
mitted powerP,, can be written a$?, = Py 7, whereP; is  rate,W the spreading bandwidth amd= E{n;} the average
the nominal power associated to a single user received at Yadue of the power advantage required by the power control
satellite antenna beam center under unobstructed multipaslystem. Notice that, in a full load condition, each MAI term
free conditions and)y, denotes the power advance forced bgan be written as a function of the total powee K Egn R, «



received from the satellite, namely: statistical operator to the non compensated fast fading com-

(s/us) o P ymp . 4 ponents. Notice that, if}5), the first relationship models the
W Ny N, inner loop logic, whereas the second one accounts for the outer
In what follows, the latter expression will be used to computgop effect. The measurgd?, /N1) expressions are obtained
the MAI contributions(+/u), directly in function of some assuming a separate observation of signal and noise, namely:
key system design constraints, such as spacecraft pawer({, /N,)(¢s) = B{E,}/E{Ns}, where the statistical oper-
P), bandwidth (" N;;) and number of beams. ator is intended to filter out the fast fading component. It is
easy to verify that the following holds, in case of SD:

Il Link and Capacity Analysis

gi

(Ey/N7)© = Ey n; y )
In the following, a novel methodology for link and capacity No + I() g; + I(us) Z Im
analysis which takes into account satellite power constraints m=1,m=#i

(6)

approach is based on the calculation of the average power codtience, according td [5), the computation of each margin

and BER-driven power control is described. The proposed

per user, namely the power factafs, conditioned to a cer- n; turns out to be conditioned to specific hypothesis about
tain propagation scenario. These values depend jointly on the channel stat® = O(g1...gm ; Py, ---Pxu ), DEING
value of the local shadowing attenuation and on the required= ©(*) with probability p(*), ands = 1...S. Assuming
target valuel' of E,/Nr at the receiver output. This targethe probabilitieg(®) time invariant (large population hypoth-
value, on its turn, depends on the required error probabiliégis)r; can be modeled as a rv with probability mass func-
P, and on the residual statistic &, /N after power control. tion p(*) whenn; = 7*), being>>%_, p(® = 1. As for the

In the uplink, the compensation of the shadowing attenuatieatellite channel, the two state propagation model is assumed
can be disjoined by the control, on a statistical sense, of {f1@] for each propagation environment: where the influence
fast fading component. In fact, given that the instantaneooisthe direct component cannot be neglected, the envelope of
E,/Nr is of the form: (E,/N7)o g X, whereg = h?/x is the received signal is modeled as a Rice process; otherwise
the local mean of the channel gain, the compensation of thser shadowed from the satellite) the envelope is modeled as
long term variations eliminates the dependency from this logRayleigh-lognormal process. The propagation environment,
mean. A further margin is then required to counteract the efh its turn, is classified inté classes, basically depending on
fect of the residual fast fading term[5]. In the downlink, the the urbanization degree and on the elevation aggéxperi-
signal-to-noise ratio cannot be factored in a long term compenced by the user. Hence,, = 1 + 1/¢; if satellite m is

nent and in a fast fading one. Hence, the computation of tireLOS condition, being; the Rice factor modeling theth
power advance;, has to be performed by solving the follow-propagation environment; otherwisg, itself turns out to be

ing system: a lognormal rv. As a matter of fact, this would lead to unlim-
(%Ym) _ (le.,,pXAI)(gl Cowim) =T ited cardinality of the channel states 4& (™}, so that the
- 5 . (Prs —-Prny) ' S actual value ofy has been replaced by its average gffe),
E {Q (ﬁ)} = Jout Ygrgu T) = P in order to access the model in its numerical form. The effect

®)

In @) (Eb/NT)(ESt) denotes the measured signal-to-noise raverall dynamic range of the outer loop process. Hence, the

of this approximation has been found to be negligible in the

tio, g; denotes the local mean of the channel gain relatedltmg term attenuatiop; can assume the following value:

2 In(e

1076 +(76) 3 : if satellite 7 is shadowed @)
1+ é otherwise

the satellitei, I' and P., as previously indicated, denote the
required target off, /N at the output receiver and the re- g¢; = {
quired error probability, respectively, ., (x.) is the proba-

bility density function (pdf) of the fast fading componepnt, wherey;, ando? denote mean and variance of the normal pro-
andQ(x) is the complementary cumulative Gaussian distribeess which models the logarithmic expression of the long term

tion. The average error probability is obtained by applying thkuctuation in thel-th environment. The residual fluctuations



X4, ON its turn, is central or noncentral chi-square distributesthown case), the excess power equals the one required in up-
provided that the satelliteis shadowed or not, respectively. link. As the interference increases and tends to dominate with
respect the thermal noise, both signal and disturbances tend to
IV  Numerical results be affected by the same attenuation and, hence, the instanta-
neousE, /Ny becomes more stable and tendsHen; /1(*)
Numerical results are derived for the voice service, accorr all users, thus reducing the differences in the power allo-
ing to the basic parameters of the W—CDMA radio interfaagtion. Significant insight about the effectiveness of a BER-
[71 [9): W = 5MHz, R, = 8kbps, « = 0.5, N = 128, driven power control, in terms of capacity gain, is provided by
P, = 1073, p = 0.55 (corresponding to a cross—polarizatiofigures 2 anf(|3. The gain is computed with respect to a pure
attenuationd, of 10 dB) and, = 2. As for the system pa- SIR-based strategy, designed on a "worst-case” assumption.
rameters, a 10 beams coverage, and a single carrier systenfigisre[2 shows this gain for a single reception scheme, which
been assumed, namelyW. = 1 and N, = 10, whereas the ranges between 7% and 30% of capacity, depending amnd
the 8 parameter, defined a2 P/(N,W), accounts for the on the elevation angle. As th#value increases, the increas-
spacecraft power. According to approximatiph (4), this pararnmg weight of MAI makes the power distribution optimization
eter provides an estimate of the expected interference to naseong the active users more and more effective: the first rais-
spectral density ratio, as well, directly from the basic systeimg of the gain curves, in their left side, is based on this ra-
parameters as beam shaping and available bandwidth, namiédytale. On the other hand, when the MAI term predominates
definitely over thermal noise (i.e., a further increase of ghe

7(s/us) o
No =g ]\V[b L]\f; . (8) value), greater stability is expected in the signal-to-noise ratios
(as previously observed), and the BER curvesfs¢®;, /Nr)

A B value of 20 dB in the 2 GHz band, for instance, “Aend to degenerate to a single curfez, /Nr). In this case,

be deemed typical of a Medium Earth Orbit (MEO) systenghe optimum power control is roughly equivalent to the simpler

or a Low Earth Orbit (LEO) system with a moderate poWeélR-based scheme, as indicated by the low values of the gain
payload (EIRP less than 30 dBW)! [8]. The results are aIsC(l)J

based on the following characterization of the satellite sys- o .
management criteria, and hence a major role of the outer loop

tem in terms of user classes: each user can be located in ur- . . .
process, can be clearly envisaged as the quality requirements

increases: if the channel BER is reduced t60~2, a capacity

Ity B, = 1= By, so that 2 possible propagation Scenarlog‘;sain up t040% can be achieved with a BER-driven approach.

rves, in their right side. Greater sensitivity versus the power

ban areas with probabilitys,, or in open areas with probabil-

can be envisaged, for each elevatipn A balanced distri- L . . .
g L As satellite diversity reduces the differences in the power allo-

bution of users between the two classes is assumed, namely . . L
catlon among the active users, a reduced capacity gain is ex-

B, = B, = 0.5, which is suitable to application scenarios ) . .
PP pected, as it can be noticed[ih 3. Nonetheless, for high values

h h Mli ly th ffi - . .
where the satellite component accepts only the traffic Ov%rfﬁ(around 30 dB: LEO systems in the 2 GHz balid [8]), typi-

flow from the terrestrial networks. Urban and open areas are . . . o
P cally expected for the third generation mobile applications, the

experienced as the worst and the best case, respectively. clae;;[acity gain is in the rang®%-30%.

us denote byA, ,, the shadowing probability in urban/open

environment. The channel parameters in urban/open environ-

ment has been assumed according to the values reportedin An improved Power Management

[10]. If we denote byS(¥) the number of states, conditioned Strategy

to a certain elevation anglg, a total numbess(¥) = 4 can be

envisaged in case of single satellite reception, according to fhiee above described analysis and results have been carried
urban/open and shadowing/unshadowing hypothesis. In figorg, due to the fact that in satellite systems power is major
[ the excess powekr required by a shadowed user with reeoncern. In fact, satellite payloads are power-limited and need
spectto a non shadowed one is plotted versus the satellite Idadbperate the on-board Power amplifier (PA) efficiently, i.e.

As the number of users is under the codebook ligiiti(in the close to their maximum power. However, the consequent PA
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Fig. 2: Capacity gain of the BER-Driven power control with respect of the
nonlinearity impairment lead to a loss of orthogonality and/R-based power control in a single satellite system.

hence, to a MAIl increase. Let note, that the upper-mentioned
schemes of SIR/BER-based power control could lead to a bal-
ance condition of the users’ SNRs, in which each user requires
more power from the satellite payload than the minimum re-
quired. In fact, let consider a case in which the thermal noise
contribution, is not significant with respect to the interference
level. In the case of single reception scheme, all the inter-
ference contributions are synchronized and undergo the s, 44 -
propagation impairment. Therefore, the SNR does not cha 3g | w . .
if all the transmitted powers are reduced of the same ent
Therefore, another balance condition can be achieved rec

ing the total transmitted power of the satellite. Furthermo
considering that a reduction of the total transmitted power
the satellite reduces the loss of orthogonality due to the t
linearity of the power amplifier and, hence, reduces the a\

Capacity Gain %
[
=

14 BER=5. 107 q
age interference contribution of each user, even if thethen | . —" | BER=1.107 b
. . o . i 9 o Dual Satelite Diversity
noise is significant with respect of the interference, the n ¢ Single Reception
e . . 4 T T T
balance condition can be achieved in correspondence of & & 56 o e
duced transmitted power towards all the users. Namely, B (dB)

denote with/ the power spectral density of the interferenc.,

with P the power transmitted toward the interest usethe Fig. 3: capacity gain of the BER-Driven power control with respect of the
term which take into account all the factors reducing the if!R-based power control in a dual satellite system.

terference contribution (activity factor, polarization isolation,

orthogonality, and so on) anl, is the power spectral density

factor of the thermal noise. The received powePjs= PA



whereA is the total attenuation, the SNR can be written:

PA

SNI = No +6IA

©)

The usage of the analysis methodology for an accurate eval-
uation of the proposefibrced system rearrangemein terms
of capacity or power saving, taking properly into account the

Allthe transmitted powers are now reduced of a factor denoteflects of the nonlinearity is presently an on-going activity of
with A (< 1). Also, reducing the total transmitted power ghe Authors’ work.

reduction of the loss of orthogonality can be achieved. This

reduction leads to a reduction of the interference contributibdeferences

of Apy (< 1). Itis straighforward to show that the same SNRm
can be achieved reducing the transmitted power levelA of
such that:
Al N | [2]
No + 6IA(1 — APA)

Therefore, it should be suitabld@ced system rearrangement

(10)
[3]

which allows to find a new balance condition corresponding
. L 4

to a lower total transmitted power. Periodically, the systerrg]

could reduce of a fixed quantity all transmitted power levels
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We have analyzed the performance of a CDMA-based mobile

satellite system with a BER-Driven power control schemeg]
The analysis has been developed according to a novel ap-
proach specifically intended for the power-limited satellite-tof9]
mobile link with multi satellite reception. This proposed AP

proach is based on the characterization, on a statistical sense,

of the outer loop process which affects the SIR target value,
according to actual BER estimation. A strong sensitivity of ca-
pacity versus the power management criteria has been found:
the gain obtainable with respect to a pure SIR-based strategy
can reach the 40% of the total capacity in a single reception
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