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ABSTRACT

The theoretical performance of the non-coherent AIR-
receiver depicted in [1], [2] is investigated and compared
to other digital receivers of low complezity, the RIR- and
HL-receiver (1], [2]. As interference is assumed that the
weak direct-sequence signal is corrupted with additive white
gaussian noise and a coherent, constant envelope contin-
uous wave. The theoretical performance is derived with
the assumption that the adaptive 2-bit nonlinearity has ad-
justed it’s magnitude threshold at the optimum location.
The bit-error-rate for constant signal-to-interference ratio
and varieble signal-to-noise ratio is presented.

INTRODUCTION

The present paper focus on the theoretical bit-error rate
for the non-coherent AIR-receiver. The AIR-receiver is a
member of the class of digital receivers of low-complexity
and integrated interference reduction and uses orthogonal
signaling. An overview of this class of receivers is sketched
in Fig.1. The theoretical performance of the AIR-receiver
is compared to the RIR-receiver, which uses a different
adaptive interference reduction scheme and the simple HL-
receiver, which is the member with lowest complexity and
no interference reduction capability.

The interference environment is a composition of a per-
manently present wideband process, modelled as additive
white gaussian noise (AWGN), and a permanetly present nar-
rowband process, modelled as continuous-wave (CW) inter-
ference. We will refer to this type of interference as com-
bined interference. The analysis is done for a wide range of
interference compositions. It spans the interference envi-
ronment from dominating AWGN-interference to dominating
CW-interference.

In the next section a brief review of the AIR-receiver
is given from [1]. The RIR- and HL-receiver are depicted
in [2]. After the brief introduction to the receivers the
performance of the non-coherent AIR-receiver is presented
and discussed.

AIR-RECEIVER

The interference reduction capability of the AIR-receiver
is based on estimating the interference composition by ex-
ploiting level-crossing- and amplitude statistics. This al-
lows for adapting the amplitude-thresholds close to the op-

0-7803-4249-6/97/$10.00 © 1997 |EEE

timum threshold location and track it, if the composition
of the interference changes. In this way it is an adaptive
interference reduction (AIR) scheme. We refer to a receiver
using this scheme as AIR-receiver (Adaptive Interference
Reduction). The weighting-factor is dependent on the
threshold location and derived from the control variable.
Owing to this, we reduce the amount of weighted faulty
chip-decisions, which cause an increase in performance. A
block-diagram of the AIR-receiver is sketched in Fig.2.
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The received and downconverted signal s(t) in (1) con-
sists of a weak direct-sequence signal c(t) corrupted by a
strong CW-signal Agy, sin(wt + ¢) with arbitrary phase o,
yielding the input SINR, to the nonlinearity.
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The behavior of the ADC(*¥)-nonlinearity, its transfer
characteristic and the signal mapping is depicted in [1] and
the optimum threshold location is found to be:

Aopt = Acw - Ac (3)

The weighting scheme is presented in [1], [2].
PERFORMANCE

The performance of the proposed AIR-receiver is quan-
tified with the bit-error rate. The bit-error rate of the
investigated receiver is compared to the simple HL-receiver
and the RIR-receiver.

The assumptions for the derivative of the bit-error rate
are, that the amplitude thresholds are at their optimum
locations (3) and the spread-spectrum synchronization is
established. The dynamic (variation in SINR) is not in-
cluded. This means that for a new interference situa-
tion the corresponding optimum amplitude locations are
achived with infinite speed.

The bit-error rates depicted in Fig.3 are theoretical bit-
error rates. The calculation of the SINR, at the detector



input for the non-coherent receiver is approximated by the
following derivation. The calculation is done on a chip
bases. The variables used in the derivation correspond with
the variables in Fig.2. We have to distinguish between
the I— and @—channel. The signal in the I-channel for a
positiv chip after ideal downconversion for a certain fixed
CW-phase ¢ is:

27
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With this signal component we feed the adaptive
2-bit ADC. The expectation E[V;] and the variance
Var (V] of the random-variable V; are prepared with
P, Py 1,P_1,1,P_g and given in (5) and (7).

Pp ; Probability that the signal in the I-channel is
weighted with R.

P, 1 Probability that the signal in the I-channel is
greater than zero and less then the magnitude thresh-
old A.

P_, 1 Probability that the signal in the I-channel is less
than zero and greater then the magnitude threshold
—-A.

P_g 1 Probability that the signal in the I-channel is
weighted with —R.

After the digital matched-filter we have (8) and (9) and
squaring yields (10) to (12).

E[V[] = Pl,[—P_1,1+R'~[PR,I—P_R'I] (5)
E[Vz] = P1,I+P_1,1+R’2'[PR,]+P_R,1] (6)
Var[V;] = E[V}]-E?[V/] (7
E[Bi1] = Gp-E[V[] (8)
Var[BI‘l] = G,,Var[VI] (9)
E[F; ] = Var[Br1]+E?[Br;] (10)
E[B{,] = E'(Bi1]+6E*[B;1] Var[B;]+
+3Var|[ By, ] (11)

Var[Fr;] = E*[B11]-E?[B:] (12)

The same processing for a positive chip happens in the
@-channel leading to E[ F 1 | and Var [ Fg 1 ]. The expec-
tation and variance of the random variable Uy after I/Q-
combining is shown in (13) and (14) respectively.

(13)
(14)

E[U]] =
Var[Ul] =

E[Fri]|+E[Fq]
Var [Fj,l ] + Var [FQ’I ]
The decision statistic for the quadratic detector is rep-

resented by the SINR®?) in (15) with E[Z] = E[U; ] -
E[Us].

E*[Z]

SINR{@P) =
%' (Var[Ul] +VaI'[U0])

(15)

In order to calculate the bit-error rate for a certain phase,
we approximat the signal-to-noise ratio from the quadratic
detector in (15) for the equivalent signal-to-noise ratio feed
to a linear detector (16). The bit-error rate for a fixed
phase is given in (17) and averaged over all possible phases
to form the average bit-error rate in (18).
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All investigated and compared receivers are using the
same processing gain and are tested in the same combined
interference.

In order to make a fair comparison, the assumed parame-
ters for the RIR-receiver are set to pshm = 20%, R’ = 4and
the parameter setting for the AIR-receiveris: k, =1, R = 4,
yielding the same R’ = 4.

In Fig.3 the bit-error rates of the investigated receivers
are sketched and compared to the corresponding analog
counterpart. Curve 1 shows the bit-error rate of an analog
receiver in pure AWGN-interference. This curve is the max-
imum achievable CW-interference reduction that is possible
and the term CW-supression is suitable.

The AIR-receiver shows its superiority in reducing the CW-
interference and outperforms all his digital counterparts.

CONCLUSION

It was shown that the theoretical bit-error rate for the AIR-
receiver is always better as the bit-error rate of the RIR-
receiver and the simple HL-receiver. This was achieved with
the adaptive interference reduction strategie with the opti-
maly adjusted magnitude thresholds-pair. Estimating the
composition of the interference with the aid of the level-
crossings is a powerful scheme to reduce CW-interference.
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Figure 1. Overview over digital direct-sequence reveivers.
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Figure 2. Non-Coherent AIR-Receiver.
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Figure 3. A Comparison of bit error rates in combined interference for the AIR-, RIR-, HL-receiver and analog receiver. Left: All the presented
receivers have a processing gain of 255 chips. The SIR is constant —20 dB. The parameters for the AIR-receiver are: R = 4,k, = 1.
The RIR-receiver uses the following settings: pshm = 20 and R = 4. An analog receiver in pure AWGN-interference is shown in curve 1
and in equivalent combined interference in curve 2. Right: All the presented receivers have a processing gain of 1023 chips. The SIR is
constant —30 dB. The parameters for the AIR-receiver are: R = 4,k, = 1. The RIR-receiver uses the following settings: pshm = 20 and
R = 4. An analog receiver in pure AWGN-interference is shown in curve 1 and in equivalent combined interference in curve 2. .




