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Abstract - In this contribution the performance
of adaptive modulation - applied in conjunction
with a Decision Feedback Equalizer (DFE) - is
characterized in a co-chanuel interference im-
paired environment over a slowly varying wide-
band multi-path Rayleigh fading channel. Specif-
ically, Joint Detection (JD) techniques in con-
junction with convolutional coding are invoked,
in order to mitigate the effects of co-channel in-
terference in a Time Division Multiple Access
{TDMA) environment. Finally, the through-
put of the adaptive system is compared to that
of a range of fixed modulation systems in an
interference-limited environment.

1. INTRODUCTION

Adaptive Quadrature Amplitude Modulation (AQAM)
is based on a modulation mode switching regime, in
which the modulation modes are selected according to
the prevalent channel conditions. When the channel
envelope exhibits a deep fade, lower order modulation
modes are selected, in order to improve the mean Bit
Error Rate (BER) performance and similarly, higher-
order modulation schemes are chosen, when the chan-
nel quality is favourable in order to increase the aver-
age throughput. Recent AQAM related developments
over narrowband channels have been accomplished by
amongst others, Webb et al [1], Sampei et ! [2], Gold-
smith et ol [3] and Torrance et al [4].

In a wideband environment, the presence of intersym-
bol interference (ISI) is combated not only by the em-
ployment of AQAM, but also by equalization. Hence
we utilized the signal to noise plus residual ISI ratio
at the output of the equalizer - termed as the pseudo-
SNR. - in order to switch the modulation modes in a
predominantly noise-limited environment [5]. Then we
compared the throughput of fixed modulation and the
AQAM schemes for a certain target BER [5]. How-
ever, in a practical system the presence of co-channel
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interference will degrade the BER performance. In this
contribution we will only focus on the BER degradation
due to a single dominant co-channel interferer inflicted
upon both fixed modulation and AQAM schemes.

In view of the detrimental effects of co-channel interfer-
ence, we will invoke Joint Detection (JD) techniques,
which are frequently analysed in a Code Division Multi-
ple Access (CDMA) environment [7]. In these JD tech-
niques for CDMA, the effects of ISI, Multiple Access In-
terference (MAI) and noise is jointly minimised. How-
ever, we can exploit JD also in a TDMA environment
by considering the co-channel interference as a multiple
access-like interference and assuming that in a TDMA
system, a single chip spreading sequence is utilized.
This assumes estimating the CIR of both the wanted
and the interfering user. At the Base Station (BS),
the uplink CIRs are known, while in the downlink,
passive reception of the channel sounding sequence is
necessary in order to mitigate the co-channel inter-
ference. Since the single user performance was anal-
ysed in conjunction with a DFE [5], a natural choice
was to opt for invoking the Minimum Square Error
Block Decision Feedback Equalizer (JD-MMSE-BDFE)
[7] joint detector. However, error propagation in the
JD-MMSE-BDFE due to co-channel interference can
potentially inflict a severe performance degradation.
Consequently, convolutional coding is invoked for miti-
gating these effects with the added feature of sequence
feedback - which will be highlighted in the next section
- in order to reduce the effects of error propagation.

2. SYSTEM OVERVIEW

The channel impulse response, h;, used in our inves-
tigations is derived from the COST 207 [6] channel
model for a typical urban area (TU), which is shown
in Figure 1. Each path in this discretised channel
impulse response is faded independently, according to
a Rayleigh distribution, where the multi-path compo-
nents are non-uniformly spaced on a grid of symbol-
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Figure 2: Schematic of the joint convolutional decoding assisted JD-MMSE-BDFE receiver structure depicting the
sequence feedback mechanism for the reference user, as desenibed in Section 2.
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Figure 1: The impulse response of a COST 207 Typical
Urban (TU) channel.

spaced legitimate potential positions. The Rayleigh
fading statistics obeyed a normalised Doppler frequency
of 3.3615 % 10~3, Variations due to path-loss and shad-
owing are assumed to be eliminated by power control.
The channel model of the synchronous co-channel in-
terferer and the desired user is identical, but it is as-
sumed that there is independent Rayleigh fading for
each individual channel. Furthermore, the modulation
mode of the interferer is BPSK and the channel im-
pulse response of the interferer is perfectly estimated.
This assumes estimating the CIR of both the wanted
and the interfering user. At the Base Station (BS), the
uplink CIRs are known, while in the downlink, passive
reception of the channel sounding sequence is necessary
in order to mitigate the co-channel interference.

The basic principle of the joint AQAM and equaliza-
tion scheme is to ufilize the Channel Impulse Response
{(CIR) and the DFE coefficients in order to calculate
the pseudo-SNR, 7gse, which is then used to select an
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appropriate modulation mode, based on a set of op-
timized switching thyeshold levels, f,. The switching
methodology, using the pseudo-SNR can be summa-
rized as follows:

NOTX Hygp.< f
i _ ) BPSK if fi <yge < fo
Modulation Mode = AQAM  if f < yae < f3
16QAM  if f3 < ~gre,

(1)
where f,,,n = 1...3 are the pseudo-SNR. switching thresh-
olds levels and the NOTX mode is used to temporarily
disable transmission under severely degraded instanta-
neous channel conditions.

Convolutional coding was invoked in order to reduce
the effects of error propagation in the JD-MMSE-BDFE.
This was achieved by embedding the convolutional de-
coder into the JD-MMSE-BDFE structure as shown in
Figure 2. In this convolutional decoding assisted struc-
ture, the output of the convolutional decoder is utilized
in the feedback filter of the JD-MMSE-BDFE [8] for the
reference user, However, instead of a symbol by symbol
feedback, sequence feedback was implemented where
the JD-MMSE-BDFE’s feedback filter inputs were re-
placed by a sequence of symbols output by the decoder,
as proposed by Cheung in the context of a Continuous
Phase Modulation (CPM) system in a noise limited en-
vironment [9]. Consequently, the input symbols of the
feedback filter can be replaced instantaneously with
more reliable information from the convolutional de-
coder on a burst-by-burst basis. This will reduce the
impact of error propagation through the feed-
back filter. In our subsequent experiments, a half-rate
Recursive Systematic Code (RSC) having constraint
length K = 5 was utilized in conjunction with a Viterbi
decoder.
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3. FIXED MODULATION PERFORMANCE

In this section, we will analyse the performance of the
fixed modulation schemes in the presence of a single
dominant co-channel interferer, where the Signal to In-
terference Ratio (SIR) was varied from 10dB to 30dB.
The results are depicted in Figures 3, 4 and 5 for BPSK,
4Q0AM and 16QAM respectively. In each figure, we
compared the results achieved by the joint convolu-
tional decoding assisted structure shown in Figure 2
(labelled as Joint Conv in the figures) with the conven-
tional structure (labelled as Conv in the figures) where
the convolutional decoder was not embedded into the
JD-MMSE-BDFE structure, it was rather used as an
independent decoder. The single user performance was
also shown for comparison. Referring to these figures,
we can observe that at low SNRs, where noise was
dominant, the performance of all modulation modes
approached the single user bound. However at higher
SNRs the co-channel interference became dominant, re-
sulting in an error floor.

The joint convoluticnal decoding assisted structure pro-
duced a better BER, performance, when compared to
the conventional scheme for all modulation modes. This
was attributed to the reduction of error propagation
due to the sequence based feedback of more reliable
symbols into the feedback filter. Futhermore, we ob-
served a greater performance degradation for the 16QAM
modulation mode at low SIRs, as a result of the reduced
Euclidean distance of its constellation points. Con-
sequently, the feedback filter of the JD-MMSE-BDFE
was more susceptible to error propagation. Let us now
consider the performance of the proposed AQAM scheme.

4. AQAM PERFORMANCE

In these experiments the wideband AQAM system was
manually conditioned for an interference limited envi-
ronment in order to achieve target BERs of approxi-
mately 1% and 0.01%. The corresponding switching
level thresholds, fn, for each SIR are shown in Tables 1
and 2. The joint convolutional decoding assisted struc-
ture was utilized for the AQAM system and the results
are depicted in Figures 6 and 7 for the target BERs
of 1% and 0.01%, respectively. We have also assumed
that the receiver has perfect knowledge of the modu-
lation mode utilized by the transmitter and the most
appropriate modulation mode was selected for the next
transmission burst.

In these figures the BER performance is depicted along
with the corresponding Bits Per Symbol {(BPS) through-
put. In Figure 6, the target BER of approximately
1% was achieved for SIRs of 10, 20 and 30dBs. The
BPS performance improved, as the channel SNR in-
creased due to the application of the higher order mod-
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Figure 3: Performance of the fixed BPSK modulation
mode over the COST 207 TU Rayleigh fading chan-
nel of Figure 1 in the presence of a single BPSK inter-
ferer for various SIRs. The performance was evalu-
ated utilizing the joint convolutional decoding assisted
structure (Joint Conv) of Figure 2 and the conventional
- separately decoded - DFE structure (Conv).
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Figure 4: Performance of the fixed 4QAM modulation
mode over the COST 207 TU Rayleigh fading chan-
nel of Figure 1 in the presence of a single BPSK inter-
ferer for various SIRs. The performance was evalu-
ated utilizing the joint convolutional decoding assisted
structure (Joint Conv) of Figure 2 and the conventional
- separately decoded - DFE structure (Conv).

ulation modes at high channel SNRs and it converged
to 2.0, corresponding to the half-rate coded through-
put of the 16QAM modulation mode. At an SIR of
10dB, the BPS throughput was reduced, when com-
pared to the performance achieved at 20dB and 30dB
SIRs. This reflected the conservative approach of the
AQAM switching regime, where the switching thresh-
olds were increased, in order to mitigate the effects of
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Figure 5. Performance of the fixed 16QAM modula-
tion mode over the COST 207 TU Rayleigh fading
channel of Figure 1 in the presence of a single BPSK
interferer for various SIRs. The performance was evalu-
ated utilizing the joint convolutional decoding assisted
structure (Joint Conv) of Figure 2 and the conventional
- separately decoded - DFE structure {Conv).

SIR [ /1(dB) [ =(dB) | /3(dB)
10dB | 0.0 20 | 120
20dB | 1.0 | 2.0 6.0

[30aB 1 —10 | 20 6.0

Table 1: The AQAM switching thresholds of Equation
1, which were adjusted manually in order to achieve a
target BER of approximately 1%.

SIR [ fi(dB) | f»(dB) | f3(dB)
20dB | 20 | 5.0 12.0
30dB ] 20 | 50 10.0

Table 2: The AQAM switching thresholds of Equation

1, which were adjusted manually in order to achieve a
target BER of approximately 0.01%.

co-channel interference at the expense of a lower BPS
throughput. The AQAM system targeted at a BER
of approximately 0.01% exhibited similar results and
characteristics, as shown in Figure 7. However, at an
SIR of 10dB, the target BER was not achieved and
hence the performance was shown at 20dB and 30dB
SIRs only.

The BPS throughput of the fixed and AQAM schemes
are compared in Tables 3 and 4 for a BPS perfor-
mance of 0.5 and 1.0, respectively. These throughput
values are equivalent to the half-rate coded through-
put of BPSK and 4QAM. In these tables, the channel
SNRs required to achieve a BPS performance of 0.5
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and 1.0 were recorded for various SIRs at BERs of 1%
and 0.01%. Referring to Table 3, for a target BERs
of 1% and 0.01%, gains of approximately 2 - 4dBs and
7 - 9dBs were ohserved for the AQAM system. Simi-
larly, when the target number of BPS was 1, gains of
approximately 2 - 3dBs and 6 - 8dBs were recorded for
the AQAM system for target BERs of 1% and 0.01%,
respectively, as evidenced by Table 4.

BER Performance (1%) BPS Performance (14)

O — 10dB SIR & - 10dB SIR
3 — 20dB SIR * e 20 4B SIR
§ — 30JBSIR [EIRT 30 4B SIR

. 1o 15
Channel SNR{dB}

Figure 6: Performance of the wideband AQAM scheme
over the COST 207 TU Rayleigh fading channel of
Figure 1 in the presence of a single BPSK interferer for
various SIRs. The joint convolutional decoding assisted
structure of Figure 2 was utilized and the switching
methodology was characterized by Equation 1. The
switching thresholds listed in Table 1 were chosen in
order to achieve a BER of 1% in an interference limited
environment.

SIR{dB) 10 20 30
Fixed (1%) | 5.50dB | 4.50dB 4.50(134{
AQAM (1%) | 2.50dB | 1.30dB | 1.30dB |
Fixed (0.01%) - 14.10dB | 11.8048
AQAM (0.01%) - 5.00dB | 5.00dB

Table 3: The approximate channel SNRs required, in
order to achieve a Bits Per Symbol (BPS) throughput
of 0.5 for the fixed modulation mode system and the
AQAM system in an interference limited environment.
The required channel SNRs were extracted for an ap-
proximate BER of 1% and 0.01% from Figures 3, 4, 6
and 7.
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Figure 7: Performance of the wideband AQAM scheme
over the COST 207 TU Rayleigh fading channel of
Figure 1 in the presence of a single BPSK interferer for
various SIRs. The joint convolutional decoding assisted
structure of Figure 2 was utilized and the switching
methodology was characterized by Equation 1. The
gwitching thresholds listed in Table 2 were chosen in
order to achieve a BER of 0.01% in an interference
limited environment.

SIR(dB) 10 20 30
Fixed (1%) | 10.50dB | 7.50dB | 7.00dB
AQAM (1%) | 8.70dB | 5.00dB | 5.00dB

Fixed (0.01%) - 175dB | 15.5dB
["AQAM (0.01%) - 10.00dB | 880dB

Table 4: The approximate channel SNRs required, in
order to achieve a Bits Per Symbol (BPS) throughput
of 1.0 for the fixed modulation mode system and the
AQAM system in an interference limited environment.
The required channel SNRs were extracted for an ap-
proximate BER. of 1% and 0.01% from Figures 3, 4, 6
and 7.

5. CONCLUSION

In this contribution we have compared the performance
of an AQAM - and various fixed modulation mode
based systems in an interference limited environment.
In these schemes we have invoked JD-MMSE-BDFE
and convolutional encoding, in order to mitigate the
effects of the co-channel interference. Explicitly, we
have embedded the convolutional decoder into the JD-
MMSE-BDFE resulting in the combined structure shown
in Figure 2 in order to reduce the effects of error propa-
gation. In terms of BER performance, we have recorded
gains when we compared the joint convolutional decod-
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ing assisted structure and the conventional structure,
as evidenced by Figures 3, 4 and 5. Finally, the BPS
performance gains of the AQAM system when com-
pared to the fixed modulation schemes are shown in
Tables 3 and 4.
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