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Abstract—Most of future packet satellite systems are characterized by methods, however, implies signaling to anticipate the silence

an high speed downlink channel broadcasted from the earth service gate- segments. The frequent insertion of fast silence periods, how-
way and a shared, low speed, return channel from each user equipment. In . . . '
this paper a CDMA technique is proposed for return channel access mech- ever, results in intolerable signaling overhead.

anism. CDMA is interference limited rather than noise limited. The re- ] o ) )
search for new methods to reduce interference and increase efficiency lead ~ Voice activity detectors are designed to exploit the natural
us to formulate a signaling method where fast impulsive silence states are pauses in the speech flow to reduce the transmitted power and,
mapped on zero-energy symbols. The theoretical formulation of the opti- : " :
mum receiver is reported and the probability of error for a generic linear consequently, battery “fe', Transmission S|Iences_ are modelled
CDMA receiver is derived. In particular, conventional and decorrelating @S two states Markov chain where the average silences last for
two-states CDMA detector probability of errors are calculated. Numerical  seconds [6]. In this case a signaling mechanism at frame level
comparisons between two-states and traditional one-state CDMA conven- is sufficient. There are however some information sources. like
tional receivers are reported in the paper. . ) . . . !

. . fast variable rate video coders or fast impulsive data sources that

Keywords—CDMA System Performance, System Capacity Analysis and . . . . C .
Optimization, Receiver and Transmitter Design, Signal Processing Appli- €quire a tight signaling to follow the fast content variations.
cations in Telecommunications, Multiple Access Techniques.

Those considerations lead to the development of the transmis-
sion scheme presented in this paper. The basic idea is the exten-
_ _ _sion of the traditional informative symbol set witlzaro energy

The natural evolutl_on of packet satellite networks op_eratn_gmbm_ The silence symbols are integrated with the informa-
on DVB technology is to employ a complete connection Vigve ones and delivered to the radio link layer for transmission
satellite allowing the end users to transmit on a shared satel[§¢ The end-to-end signaling between the applications can be
channel. avoided and the radio layer does not need to receive any explicit

Most of present proposals for return channel are referring g@nsmit on/offcommands from higher layers.
MF-TDMA technology as multiple access mechanism [1]. The

geo-stationary constellation, characterized by long propagationThe proposed reception scheme has also the property of being
delays and a deep attenuation, has a negative impact on the calpfe to receive common single state transmissions. In this case,
plexity of user's equipment since accurate synchronization athe silence symbols thresholds collapse to 0 and the receiver de-
a slot reservation mechanism are required. generates in a traditional single state receiver.

The TDMA access method imposes a preconfigured hard
limit on the number of users on the channel, even if the usersThe advantages of the proposed solution can be summed up
are transmitting a moderate throughput each. in the following list:

An asyncronous CDMA access is here proposed as an alter-

native for the return channel. The asynchronous access has.tr{ﬁe reduction of the average transmit power from a CDMA

advantage of a reduced complexity at the user terminal and t%lr'minal, obtained by employing silence symbols, reduces the

lows a soft limit on the maximum number of users in the SamM&arference on other users

carrle{. The Ir etl:jm dportlr(]) n of the sateflhte nfe;t\(/jvork ((:jan. be t?”"the radio layer need not to be integrated with the silence state
porarily overloaded at the expense of a soft degradation o nagement function of the application layer,

g:cotﬁgl r?lijrzlllatgr(gfsseerx/lgz thuesrsfamhtatmg the statistical increasg gjjonce symbols allow very short traffic bursts and a great va-

i ) riety of fractional bit-rates without increasing the MAI level.
In order to increase the number of users the multiple access

interference level has to be limited. The proposal in this pa-
per is to exploit the discontinuos nature of the user information The paper has been organized as follow: in section Il the pro-
sources to increase the efficience of the return channel. posed two-states communication strategy is described and the
The idea of a discontinued transmission has been exploigatimum detector is derived. Section Il reports the probability
starting from the second generation of terrestrial personal coafi-error for the two-states conventional detector and the prob-
munication systems with the DTX feature in the GSM standasdbility of false alarm for a two-states CDMA communication
[2], [3], [4]. It also has been included in the recent 3GPP spesystem. Numerical results and conclusions are shown in Section
ifications with the "compressed mode” operation [5]. Both thi8/ and Section V, respectively.

I. INTRODUCTION



II. CDMA T wO-STATES RECEPTION

TABLE |
BPSK+SIGNALING

With the proposed scheme, the general base-band transmis-

sion signal of thekth user is:

n=oo

Sk(t)z Z Sk(t)(n)

n=—oo

sp(t)™ = Akm,i”)bfcn)g,(f")(t —nTs)
where

G
9" (1) =3 e (il = iT.)

and

T, is the symbol time,

T, is the chip time,

G =T,/T. is the processing gain,

A, = VB, the transmitted amplitude for user k,

Symbol | Transmitter state Informative symbol

qo Talk 0
(1) a1 Talk 1

q2 Silent n.a.

Tak-1 @, 8, Talk+l
(2) N %
o
N _
Silence

Fig. 1. BPSK+ Decision Regions

P (qsilence) =1-P (talk) (7)
whereP (talk) is the absolute probability of a talk symbol. The

p(t) is the complex valued chip waveform due to pulse shapitgo-state symboy is thus possibly one of the equally probable

filter,

M informative symbols or the single "silence” one. The trans-

cé") is the kth normalized spreading code of ugereferred to mission model described above needs a more complex perfor-

nth symbol interval,

mance characterization with respect to the traditional one. The

m{" is themask symbol which assumes one of the two possfeceiver is characterized by a genguadbability of errorwhich
ble values{0, 1}. It determines the state of the transmitter in thi§ specialized in:
n-th time interval:Talk or Silent « probability of false detection of silence stateP,
bgp is the informative symbol transmitted during the n-th ine probability of symbol error conditioned to a talk state,

terval, chosen among the symbol alphabet of the chosen mdl:xymo-
ulation (e.g. for a BPSK signalin&_ifc") € {-1,1}). Ithasno Inthe special case of a BPSK+ (the “plus* symbol indicates
significance when the transmitter is in tB#entstate. the presence of a “silent” state) operating on a AWGN channel,

The received signal(t) expresses the observable part of thée optimum receiver is defined by the following thresholds:
transmission chain. The received signal can be seen as:

K . 0®  Plg) VE
6 = —1 — 8
r(t) = su(t) + n(t) 3) 02 = M Pl T2 (®)
= 01 9 KR i In P (Q1) o 7VE1 (9)
wheren(t) is the the white gaussian noise with zero mean and ’ VE Pl(g) 2

variances?.

The unknown mask and symbol transmitted by the user oveWVhere the symbols are labelled as in table I, hid the talk
the transmission channel can be grouped in the two-state inféYmbol energy.
mation symbok (") defined as: The decision regions for the described receiver, \kitieing

the observable metric, are described by:
¢™ = mp) @)

h <62 the symboly, is selected
012 < h<#bp2 thesymbols, isselected (10)

Bo2 < h the symbol, is selected

where we have dropped here thandex for simplicity. The
optimum detector [7], for a given set of transmitted two-
state symbols will choose the symhidt) corresponding to the
largestposterior probabilitybased on the observation oft)

(MAP criterion). Formally: The decision regions are represented in Fig. 1.

I1l. ERROR AND FALSE ALARM PROBABILITY
i = argmax P (e ()" ©) . _
q After each received symbol, the propose stateseception

Lo belongs to one of the possible states derived from the
We can assume that the two-states are alternating inde ende?ﬁpeme . ! . .
9 P or¥1b|nat|on of both the transmitter and the receiver ones. This

from the informative stream, consti M lly pr fe ) ) .
om the o! ative st'ea ; constituted by M equally p ObE‘bceoncept is explained in Table Il. The columns represents the
symbols. This leads to: ) ) - .
possible receiver decisions while the rows enumerate the trans-
P (talk) mitter symbols. The elements inside are called “conditions” of

P (qtaix) = i (6)  the whole reception system (i.e. transmitter + receiver).




| Rxgo RXq1 RX g2 (silence) receiver when a certain transmission patteis sent:

TX qo Correct Error False Alarm
TX 1 Error Correct False Alarm Prob{(LR)r > ®|b, Pigii, N} =
Tx qo | False Alarm  False Alarm Correct (LR) (LR) b, — @
TABLE Il bk = gk kA (14)
THE SET OF SYSTEM STATES (LRLT)kkJ

whereT denotes the transpose operation. Without loss of gen-
erality, we have suppose here that fiie = = interfering users
TheFalse Alarm condition is met when the Talk/Silence stain silent state are the lastamong the totak users.
tus is misinterpreted. AError occurs when the transmitter is  Thus, the general expression for the averBggfor a generic
in the Talk state but the symbol is not correctly detected. THh&0-states CDMA linear receiver is:
Correct condition is self explanatory.

In order to provide the two states receiver with a performanceP2*) = )~ <K1> PEYF(1 — Pra)®
index suitable for a comparison with the traditional reception, be{-1,01}K-1 > ©
we consider th@eneralized probability of erroor P, defined
as: 0 (LR)kk Zj;ék;(LR)kaJ o (15)
(LRL )0
P., = Pr (Error|Talk) U Pr (False AlarniiTalk) (11)
The MAI term in (15) can be upper bounded by
The cited index takes into account all the potential errors the re-
ceiver may commit when the transmitter is in the talk state. It > (LR)g;d; < ZmaX (LR)k;)b;
should be noted that the two state system provides more infor- J#k i#k
mation than the traditional “always on” reception, the additional = max ((LR)x; Z i
information is transmitted at the expense of a reduced noise mar- J 2k (16)
in for the decision regions. This fact makes the comparison
\g/]vith the traditional syst?am a difficult task. P < max (LR )yj) Nn-(b)
In this section an estimate of thi&, is computed for the: = p(L)N,..(b)
. convent|or_1al detector, where:
« decorrelating detector.
The two-states probability of error of thh active user when p(L) = max ((LR)x;)
N, = z < K users are in the silent state, is: Z |

J#k

B (Putk, N:) = The termA’,.. (b) he number of i i
- B e termN,,. (b) represents the number of instantaneous active
Prob{(LR)xx > ®lbr = —1, Prai, N} = users for a given interference symbols patery substituting
Z Prob{(LR)x > ®|b, Piai:, N, } - (16) in (15) we drop the dependence on the specific interference
be(—1,0,1)K bp=—1 pattern and thus the generalized probability of bit error for a
Prob{blby = —1, Py, N.}  (12) two-states CDMA linear receiver results:

K-1
whereR is the cross- correlatlon matrix whose generic element P{2*) < Z (K 1) P~ (1= Pran)”-
z

talk
isRyj = VEr/E fO cx(t)ej(t)dt, L € RE*K s a generic =0
linear transformatlon e.g., for the conventional CDMA receiver
results simplyL. = I, wherel is the identity matrix. The term Q (LR)p. = (K~ 1= 2)p(L) = @ (17)
¢ = OpoVEr = 0*In (PquD + Z: represents the energy (LRL" )0

threshold that implies the detection of the erroneous symbol as-

suming thab, = —1 has been transmitted. N
The second term of (12) is the probability to have = = In ord_er to get the pr_ob_ablllty of error for a_two—stat(_as CDMA

users in the silent state among thietotal users: E:f;)ventlonal receiver it is enough to substitlite= I in Eq.

P, for the conventional detector

Prob {blby, = —1, Prae, No} = -
Pe(QSc)on'u S Z <K ) Pt{flkl # (1 - Ptalk)z :
(K_l> PG (= Pa)® 3) =N
z E — K —1- - (I)
Q ( il 2)p ) (18)

vV EkU

The first term of (12) is the probability of error of a two-state



wherep = max;{|Ry;|} is the maximum element in the cross- , _ Comvewlorel(nahed enP, G 128 vees)
correlation matrix.

Analogously, the probability of error of a traditional one-state
conventional detector can be written as [8]:

Pt <@ (200 (19)

e,conv
’ oV Ey

The numerical comparison between eq. (18) and eq. (19) is
reported in the Section IV.

B. P., for the decorrelating detector

The probability of error for the two-states CDMA decorre-
lating detector is obtained by substituting in equation (17) the

linear transformation: Wor ez 05 o4 05 o5 o7 08 oo
L — X*l Praik

where X is the normalized correlation matrix whose generic Fig. 2. Pyqix andp influence on probability of error

element isX;; = fOTS ck(t)e;(t)dt. Thus, it follows that

R = W!'/2XW'/? whereW = diag{E, ..., Ex}. power and the smaller decision regions for the non-silence in-
The resultis: formation symbols introduce a degradation over the traditional

reception schemes. As expected, in the B{alk) region, the

Péji}ec < Z (Kzl) Pfcfl;l‘z(l — BPrar)* region of interest for the proposed receiver, the performances of

the proposed scheme are significantly better than the traditional
single-state receiver especially for high cross-correlation values.
o) VE; — 002 (20) This result coupled with the lower power consumption, lead us
\/;0 to conclude that the proposed CDMA communication scheme
Kk is able to get practical advantages over the traditional CDMA

The previous equation has to be compared with the wefommunication systems.
known probability of error of the CDMA single-state decorre-
lating detector [9]

be{-1,0,1}5-1

V. CONCLUSIONS
In this paper is presented a new CDMA transmission scheme

(15) 1\ K1 VEr based on a variable energy symbols constellation called "two-
eg,dec = <§) Ql —V— (21)  states” transmission. A theoretic analysis shows the convenient
\V Xk @ use of the proposed signaling method in CDMA systems where

MAI and complexity power are the dominant limiting factors. A
detailed theoretical study has been conducted to express the ex-

The dependence of the probability of error from the operatirzgt probability of error applicable on every receiver that consists
point of the proposed CDMA communication scheme has been a linear transformation, in particular the probability of error
analyzed; the same operating condition have been then apphad been calculated for the conventional as well as the decor-
to the conventional single-state receiver and the resulting perfaegtating detectors. Numerical performance evaluation and com-
mances compared to those obtained by the proposed two-stptasson based on the probability of errors of the conventional
communication scheme. one-state and two-states receivers have been reported. The use

The comparisons reported in this document, however, do the silence symbol reduces MAI on the overall access scheme,
take into account the additional information available at the prtitus allowing more users on the satellite return link. Hence, the
posed receiver concerning the status of the transmitter. This ptbposed communication scheme is able to get practical advan-
ditional information in a conventional receiver requires a sigages over the traditional single-state communication scheme,
naling which has an impact on the overall performance. In thespecially for "burst” data transfer.
sense the results shown below are not completely fair to the pro-
posed receiver as concerns the offered service. REFERENCES
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