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ABSTRACT

The interoperability of Feher-patented Quadrature Phase Shift Keying (FQPSK) systems with future and
legacy data links is discussed in this paper.  In particular, the benefits of  “forward” interoperability with
3G (3rd Generation) wireless systems such as WCDMA (Wideband Code Division Multiple Access) up to
40 Mchips/sec are highlighted.  Other proposals of forward interoperability with future data links include
an enhanced, ultra-bandwidth efficient FQPSK and 16-state FQAM (Feher’s Quadrature Amplitude
Modulation) architectures.   In addition, since FQPSK based systems have been proven in “dual use”
systems and extensively tested and evaluated by the Department of Defense (DoD) and NASA, the
analysis of “backward” interoperability with legacy data links such as GSM is also included in this paper.
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INTRODUCTION

This paper details the interoperability of FQPSK [1-3] with WCDMA and other transceivers.   The first
part of this paper describes the benefits of FQSPK when incorporated into a WCDMA 3G wireless
system.  The benefits include a 40 Mchips/sec [3] capability, showing significant growth in research as
compared to the 5 Mchip/sec capability, which is currently in use in most commercial CDMA
applications.  In addition, the higher data rates (300 - 600 Mb/sec currently in development) [4]
demonstrated for FQPSK systems also provide more promise as an interface to the 3G systems.  The
second part of this paper illustrates the interoperability with other future FQPSK transceivers resulting in
better spectral efficiency and performance.  With a goal of both forward and backward interoperability,
the third part of the paper covers backward interoperability with legacy data links.  Utilizing Differential
Encoding (DE) and Differential Decoding (DD) techniques, interoperability with GSM based transceivers
is described [5].  This section will describe how FQPSK can be utilized as either transmitter or receiver in
GSM based systems.

INTEROPERABILITY OF FQPSK WITH WCDMA SYSTEMS

Since interoperability with CDMA systems may be essential for incorporation into the next generation of
wireless communications, this section illustrates the benefits of interfacing FQPSK with WCDMA
systems.

Experimental results show FQPSK operation at 16.984, 30.88, 35 and 40 Mchips/sec with various bit
rates.  Thus, bit rate agility is confirmed[4].   Figure 1 shows the specifications of an experimental circuit
set up which allows the user to use both.  Figure 2 shows the spectrum of the hybrid FQPSK/WCDMA
system.  These figures demonstrate that FQPSK has been measured and evaluated for WCDMA systems.
Since FQPSK has been experimentally proven to data rates up to 600 Mb/sec [5], and proven to operate
with WCDMA up to 40 Mchips/sec, a convincing argument for the integration of these systems can be
proposed.  Using the following equation as an approximation for the relationship between the chip rate
ƒchip of the CDMA access method and the bit rate ƒb of the transceiver, the amount of growth for this
system integration can be illustrated as follows [1,5].

Gp = BWRF / BWMOD  =  ƒchip / ƒb

Where BWRF is the RF bandwidth of the signal and BWMOD is the modulated signal bandwidth.  Utilizing
actual numbers to emphasize our point, we propose 70MHz as the RF signal, and the approximate
bandwidth of the FQPSK signal of 1 MHz (at –60dB) which supplies about a 1Mb/sec data rate, we see
that these parameters would result in a chip rate of about 70 Mchip/sec (assuming the same processing



gain).  With potentially higher frequency RF signals resulting in significantly higher chip rates, the FQPSK
architecture is ideally suited for growth in capacity.  Figure 3 shows that there is no BER penalty for
employing FQPSK transceivers at 30 Mchips/sec in a CDMA system.

INTEROPERABILITY OF FQPSK WITH FUTURE DATA LINKS

Since future data links such as enhanced-FQPSK and FQAM transceivers show promise of significantly
better performance than the currently installed transceivers, interoperability of these architectures with the
standardized FQPSK systems (IRIG-106-00) is essential.  Both of these proposed systems employ the
current IRIG 106-00 standardized FQPSK architecture as a building block to the respective proposed
transceivers.

Figure 4 shows the proposed architecture of 16-state FQAM.  Note that the processor currently utilized
in the IRIG-106-00 standardized FQPSK is also present in this architecture.  This architecture provides
significantly increased spectral efficiency in a Non-Linearly Amplified (NLA) environment with minor
degradation of 0.8 dB in the Symbol Error Rate (SER) [6].

Figure 5 illustrates the performance of the enhanced-FQPSK transceiver.  The enhanced-FQPSK
architecture significantly improves BER performance of the currently IRIG-106-00 standardized FQPSK.
In addition, Figure 5 also illustrates that this proposed architecture improves Adjacent Channel
Interference (ACI) of the standardized FQPSK.  This improvement in BER performance and spectral
efficiency is accomplished by incorporating Forward Error Correction (FEC) into the standardized
FQPSK architecture [7].

INTEROPERABILITY OF FQPSK WITH LEGACY SYSTEMS

This section describes the interoperability FQPSK-B architecture when combined with the GMSK
architecture.  The key to interoperability between these two architectures is the addition of the
Differential Encoders (DE) in the FQPSK transmitter circuits and Differential Decoders (DD) in the
receiver circuits.  A DE is added to the FQPSK transmitter architecture for compatibility with a GMSK
receiver architecture.  Figure 6 shows the proposed configurations of the FQPSK transceiver links with
GMSK, MSK, and O-QPSK systems [9].

The algorithm for the DE is shown below [2,7,8]:

Q(2n+1) = b(2n+1) ⊕⊕ I2n for n > 0

where I2, I4, I6, …
and    Q3, Q5, Q7, …

I2n = b2n ⊕⊕ Q(2n-1)



The DE and DD algorithms simply convert the NRZ data sequences between amplitude and phase based
systems.

As Figure 6 illustrates, the FQPSK architecture can be integrated with the GMSK systems as either a
transmitter or receiver [7].  When FQPSK is inserted as a transmitter, the composite system outperforms
the GMSK system by about 1 dB at Pe = 1E-5.  The spectral efficiency is also improved, since the
benefits of the FQPSK transmitter characteristics are fully employed in this configuration.

CONCLUSION

This paper highlighted interoperability with 3G and 3G+ wireless systems by showing established
experimental results with WCDMA systems.  Growth in channel capacity was also demonstrated for an
FQPSK transceiver integrated with the 3G wireless systems.  This added capacity is due to FQPSK’s
proven high bit rate and increased spectral efficiency without any significant degradation in BER
performance.  Interoperability of FQPSK with future data links was also described in this paper.
Particularly, the proposed enhanced-FQPSK and the 16-state FQAM transceivers will provide better
BER performance, increased spectral efficiency, and QAM operation (from FQAM transceiver) with an
NLA in the transmitter without significant spectral spreading.  It was also demonstrated in this paper that
FQPSK-B systems can be made compatible with legacy data links such as GMSK systems by employing
differential encoding and decoding.  In particular, it was noted that improved BER performance and
increased spectral efficiency are added benefits of constructing a composite FQPSK/GMSK transceiver.



System 1. DDSS mode:  BPSK, OQPSK, FQPSK
2. clear mode:  BPSK, OQPSK, FQPSK

Data rate (Kbit/s) 256, 560, 660, 772, 1544, 2110
Chip rate (Mc/s) 16.984, 30.88, 30, 35
PN code 2**16 length
Carrier Recovery Decision-directed, phase difference approximation, digital phase

shifter, (i.e. vector rotator)
Convolutional coding
and interleaver

Viterbi decoder

IF signal (MHz) 70

Figure 1: Specifications of an experimental setup circuit for testing FQPSK transceivers up to 35
Mchips/sec with Direct Sequence Spread Spectrum (DSSS) CDMA.  This system was
developed by Lockheed Martin under license of Feher et. al, patented technologies [5].

Figure 2: Spectrum for FQPSK (lower trace) as compared to filtered QPSK (upper trace) with
WCDMA.  In this setup, FQPSK is operating with a bit rate of 1.544 Mb/sec with a chip
rate of 16.84 Mchips/sec.  Both transceivers are operating in a Non-Linearly Amplified
(NLA) RF system [5].



Figure 3: Effect of WCDMA 3G+ systems integration with FQPSK on the Bit Error Rate (BER)
performance of transceiver systems.  As can be noted, there is no notable performance
penalty for incorporating spread spectrum into the transceiver architecture [4].

Figure 4: System architecture for a proposed parallel-type 16-state Feher’s Quadrature Amplitude
Modulation (FQAM) data link.  This architecture is designed to support NLA
environments in the RF spectrum [6].
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Figure 5: a.) Adjacent channel interference performances of the enhanced FQPSK (variation L1 and
L2, from the left curve to the right, respectively), FQPSK-B, and GMSK NLA systems.
GMSK receiver used 4th order Gaussian bandpass filter with B Ti b  = 0.6 and transmitter
filter bandwidths BTb =0.3, while enhanced FQPSK uses much simpler receiver [9,10].

b.) BER for enhanced FQPSK (variation L2), and 1Mb/s FQPSK-B and PCM/FM. The
BER performance of FQPSK-B and PCM/FM was measured for a 1Mb/s signal and 1
MHz IF filter bandwidth. The demodulator of FQPSK-B was an non-optimized modified
QPSK demodulator; the PCM/FM was limiter detected [9,10].



Figure 6: Proposed architecture for interoperability of FQSPK with legacy data links.  Note that the
FQPSK hardware can be implemented for both transmitter and receiver applications as
well as for future spectrally efficient data links [9].
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