
THE CASE FOR MIS-MATCHED FILTERING IN NONLINEARLY
AMPLIFIED FQPSK AND GSM INTER-OPERABLE SYSTEMS

Item Type text; Proceedings

Authors Gonzalez, Maria C.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:25:21

Link to Item http://hdl.handle.net/10150/605818

http://hdl.handle.net/10150/605818


THE CASE FOR MIS-MATCHED FILTERING IN NON-
LINEARLY AMPLIFIED FQPSK AND GSM

INTER-OPERABLE SYSTEMS

Maria C. Gonzalez
Electrical Engineering Department

University of California, Davis

ABSTRACT

Structures for power-efficient systems, requiring the use of non-linear amplifiers
and thus Mis-Matched  filtering, are presented. These architectures allow for changeable
amounts of power, bit rate, and modem selectable formats.  The benefits include
power/spectral efficiency, in addition to robust operation in mobile environments .
Alternatives to matched filter receivers are addressed for power constrained systems
associated with mobile systems in frequency selective channel environments. Two types
of modulation format FQPSK[1][2][3] and GMSK[4], with different mismatch filters at
the receiver, are analyzed.

INTRODUCTION

  While the common rule in communications is to have matched transmit and
receive filters, cases may arise where this is not practical.  At present, many digital
communications system are designed under  the assumption that their electronic
components will a operate in a linear mode.  In other words, the output of the device is a
linear function of the input signal.  However, many components offer a linear response to
an input only under a restricted range.  RF amplifiers, mixers, and filters are typical
devices that contribute noise and nonlinear effects to the generated and received signal.
Much research is focused on the design of electronic components with a longer linear
range of operation and on devising techniques to compensate for the distortion
introduced.  The operation of devices in their linear range is usually power inefficient.

The continuous demand for more power-efficient devices, carrying more traffic,
spurs the search for solutions that take advantage of the characteristics of the real devices
that we are forced to use.  Thus, in the reception of signals by a receiver, we have to
consider both noise, and undesired responses due to circuit nonlinearity.  The Texas
Instrument's report [5] about Receivers for Wireless states that a low-noise system does
not necessarily give a total linear response, while, on the other hand, high linearity is
associated with more noise.  The phase noise produced by the oscillator in the receiver
can enhance the reception of unwanted signals of large amplitude in detriment to weak,
desired signals of similar frequency.  Although, we are still far from developing digital
communications systems based on nonlinear electronics,  research on controlling the



overall response of "chaostic" signals, once thought impossible, is much closer to being
realized at present.  There are many physical circuits that exhibit a chaotic behavior,
nevertheless the overall responses have been proved to be controllable [6].  This opens
the possibility in the near future of having transmitter/receivers based exclusively on non-
linear circuits accomplishing the goals of power and efficiency that linear electronic
cannot render.  In this paper, we look at the limitations of matched filter theory for the
design of real systems and the exploration of transmitter/receiver structures that can
better realize present needs.

                     

Figure 1:  Generic Transmitter (Tx) block-implemented diagram for an architecture
utilizing bit rate agile, selectable modulation formats, and mismatched filtering. [1]



DESIGN LIMITATIONS BASED ON MATCHED FILTER THEORY

The matched filter is the optimum receiver for maximizing the instantaneous
signal power to average noise power (S/N) at time t= T at the output of a receiving filter
of a signal with additive noise.

s(t)

s( t ) + n( t ) = r( t )
max(S / N)=  Power Signal / Power Noise = (Es

^ 2) / (Es No / 2 )=  2Es/No

The maximum ratio depends on the signal energy at the sampling time and the
power spectra of the noise, no on the waveform of the input signal.  Because the physical
channel is ban limited, the initial data information sequence needs to be filtered through a
pulse-shaped filter prior to transmission.  This linear filter introduces distortion, resulting
in Inter-Symbol Interference(ISI).  Figure 2 shows a simple block diagram of a
communication system.

Figure 2 Simplified transmitter/receiver block diagram model

At the output of the sampler, the maximum signal to noise ratio is:
max(S/N)T  = Power signa/ / Power noise =  (Er ^2) / (Er No /) 2 = 2 Er / No

 where Er is energy of the received signal and No is the power spectral density of the
noise.  The optimum receiver is  matched to the received signal no to the transmitted. In
orden to know the received signal , we need to know the  transfer function of the channel
which may not be known. The energy of the  received signal depends on the
characteristics and bandwidth of the channel [11] .

The solution occurs under the assumptions that the noise is only additive white
Gaussian random process, and the transfer function of transmitter, receiver filter, and
channel are linear transfer functions .  In non-linear amplifier systems, the output is not a
scaled-up version of  the input and the optimum receiver is not necessarily the scale up

H(f)



matched copy of the transmitted waveform before amplification.  For time invariant
channel, channel equalization can compensate for channel irregularities using a training
sequence.  For time variant channel, additional distortion is caused by Doppler shift.
Time variant conditions appear in cellular mobile communication, telemetry applications,
line-of-sight microwave, and UHF radio.

In the design of a system, the receiver's response range limits the reception of
desired signals. Noise limits the smallest signals and distortion arising from non-linearity
inherent in the receiver structure limits the largest ones.  An optimal design based on
noise does not translate into an optimal large signal reception.  An unwanted signal of
large amplitude is precluded for reaching the receiver by filtering the incoming signal.
This narrow filter may limit the reception of the desired signal as if the noise will have
increased.  Adding a low noise amplifier, although it can reduce the noise figure, can
introduce intermodulation products that, for a digital modulation, are equivalent to an
increase in co-channel and adjacent interference [5].

There is a trade-off between bandwidth and power efficiency.  The spectral
efficiency depends on the adopted modulation  format and is a function of the symbol
rate and waveform pulse.  To comply with International Regulations, the bandwidth of
the digital signals are filtered to limit the output bandwidth in order to prevent adjacent
channel interference.  The final stage of amplification will be more power efficient if
non-linear amplifiers can be used.  For non-constant envelope modulation, the effect is to
re-grow the bandwidth occupancy and IM products.  Constant envelope is not affected for
this problem, but tends to have larger bandwidth than the non-constant envelope,
increasing the possibility of adjacent channel interference.  Even for this category, there
are differences, as will be stated in the study cases.  There are a number of papers that
focus on the effects of nonlinear amplifiers and modulation format to assess the
performance with respect to power and bandwidth requirements [7][8].  In this paper, we
do a qualitative study between two constant or quasi envelope modulations: GMSK and
FQPSK that uses mismatch filter .  In both cases, the field implementation may depend
on the requirements to find an optimum balance between bandwidth and BER rate for the
particular user.  Another example on mismatch filtering is in the GSM/EDGE standard.
The transmitter has a Gaussian filter and in the receiver a square-root raised cosine. Other
implementation of mismatched filter are reported in [10]

CASE STUDIES

In this study we have simulated the Power Spectral density at the output of the
transmitted and received filter and then we calculate the Bit Error Rate for different
cutoff frequencies and two different types of filters using MATLAB.  The channel
simulation incorporates AWGN and a hard limiter amplifier.

In the paper of Murota and Hirade [4], they reported the bandwidth efficiency
obtained using a very sharp cutoff frequency in the transmitter of BTb= 0.25 with very
small degradation using BitTb= 0.63 in the receiver.  Here, for comparison purposes, we
use the same values for both modulations.  Figure 2  shows the plots for Power Spectral



Density and BER for GMSK with a Gaussian filter in the transmitter and receiver, while
Figure 3 show the case of a Gaussian filter in the transmitter and a Butterworth filter in
the receiver.

Table 1shows some selective values from the graphs.   Figure 4  shows the plots
for Power Spectral Density and BER for FQPSK with a Butterworth filter in the
transmitter and receiver, while Figure 5 show the case of a Butterworth filter in the
transmitter and Gaussian in the receiver.  Table 2 shows some selective values from the
graphs.

Table 1.
 GMSK Power Spectral Value at
transmitter and receiver at value fTb=1

Transmitter
Gaussian BTb*

≈ - 55dB

Receiver BiTb= 0.45 BiTb= 0.5 BiTb= 0.55 BiTb=0.6
Gaussian 4th ≈ -75 dB ≈ -70 dB ≈ - 65 dB ≈ - 60 dB
Butterworth 4th ≈ -80 dB ≈ -75 dB ≈ -70 dB

 GMSK  Eb/No for BER= 10-3

Transmitter
Gaussian BTb*
Receiver BiTb= 0.45 BiTb= 0.5 BiTb= 0.55 BiTb= 0.6
Gaussian 4th ≈ 9.3 ≈ 9 ≈ 8.6 ≈ 8.7
Butterworth 4th > 10 ≈ 10 ≈ 9.6

Table 2.

 FQPSK Power Spectral at transmitter and
receiver at value  fTb=1

Transmitter
Butterworth BTb*

≈ - 60dB

Receiver BiTb= 0.45 BiTb= 0.5 BiTb= 0.55 BiTb= 0.6
Butterworth 4th ≈ -90dB ≈ -80 dB ≈ - 70 dB
Gaussian 4th ≈ -95 dB ≈ -90 dB ≈ -90 dB

 FQPSK Eb/No for 10-3

Transmitter
Butterworth BTb*
Receiver BiTb= 0.45 BiTb= 0.5 BiTb= 0.55 BiTb= 0.6
Butterworth 4th ≈ 9.5 ≈ 8.2 ≈ 7.9 ≈ 8
Gaussian 4th ≈ 10 ≈ 8.5 ≈ 8.1

The BTb* value[used in 2]  used in this simulation is more than the Nyquist
minimum bandwidth requirement for transmission of I/Q signals.  The BiTB value does
not match the value in the transmitter.  The best realization for both is to use the same
filter that was used in the transmitter side.  The best BER GMSK is for a Gaussian filter
in the receiver for BiTB < 0.6, and for FQPSK the best BER is to use the Butterworth



filter in the receiver with BiTB < 0.6.  BER rate is better for FQPSK regardless of the
receiving filter when it is compared for GMSK.

Perhaps more interesting is to realize that the power spectral density at the
transmitter is narrower for FQPSK than for GMSK, even though GMSK is a constant
envelope and FQPSK is quasi-constant, and, consequently, should have been more
affected by the nonlinear amplifier.  Although it is not quantified here, the  reason may be
in the difference variance of the instantaneous power versus the mean power (PAR).
Perfect constant envelope does not exit, and in real implementation this will be more the
case to account for the difference in performance.  This parameter and adjacent channel
power ratio (ACPR) has been found to be inaccurate for estimating the spectral regrowth
of a signal after it passes through a non-linear amplifier to assess the interference in
adjacent channels,  i.e. O-QPSK was chosen for IS-94 CDMA reverse link and in IS-95
CDMA forward link based on PAR. O-QPSK has less PAR than QPSK, but it has higher
adjacent channel power [9].  Future simulation of these parameters will consider the
statistics description of the input signal and transformation by the non-linear transfer
function channel model.

CONCLUSIONS

Linear analysis is a mature tool that simplifies physical reality.  Design based on
linear principle is constrained by the range of operation in which the assumption is valid.
Linear operation of an amplifier in transmitter/receiver structures is power-inefficient.
Matched theory is based on linear analysis and the assumption that the channel is only
affected by AWGN.  This is not the case in all environments.  Different approaches to
equalization algorithms tend to address cases of deviation of this model.

 For power-limited communications systems, a non-linear amplifier is
recommended but with the penalty of power spectral regrowth for existing non-constant
envelope modulation formats.  Constant envelope was not affected by this problem in
principle, yet actual implemented envelope may present irregularities, and, consequently,
be subject to equally nonlinear effects that temper their performance.

Digital modulation signals are properly described by random processes, and
differences in the statistical properties among modulation formats will ultimately explain
differences in performance and provide an insight for designing modulation format to
operate in nonlinear environments.
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a) b) c)
Figure  2 Power Spectral Density (normalized rspect the transmitted PSD) and BER for GMSK signal using
a Gaussian filter 4th order at the transmitter and at the receiver.

a) b) c)
Figure   4 Power Spectral Density (normalized respect to the transmitted PSD) and BER for GMSK signal
using a Gaussian filter 4th order at the transmitter and a Butterworth filter 4th order at the receiver.



a) b) c)
Figure   5 Power Spectral Density and BER for FQPSK signal normalized respect the tramistted power
spectral density using Butterworth 4th  filter at the transmitter and at the receiver. a) BiTb= 0.45, b)BiTb=
0.5, and c) BiTb= 0.55

Figure  5 Power Spectral Density and BER for FQPSK signal for Butterworth  4th filter in
the tranmitter and Gaussian 4th order in the receiver.

a) b)     c )
Figure   6 Power Spectral Density (normalized respect to the transmitted PSD)  and BER for FQPSK signal
using Butterworth filter 4th order at the transmitter and  a Gaussian filter 4th order at the receiver. a) BiTb=
0.45, b)BiTb= 0.5, and c) BiTb= 0.55




