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256 QAM Modem for Multicarrier 400 Mbit/s
Digital Radio

YASUHISA NAKAMURA, YOICHI SAITO, MEMBER,

Abstract—This paper describes the performance of a 256 QAM mo-
dem with 400 Mbit /s transmission capacity. A variety of novel tech-
niques are introduced as ways to achieve good performance, Key tech-
niques include 1) an accurate 256 QAM modulator employing a new
monolithic multiplier IC, 2) a carrier recovery circuit which satisfies
such requirements: good phase jitter performance and no False lock
phenomenon, 3) a highly stable high-level decision circuit, and 4) a
forward error correcting code. As an overall modem performance, BER
characteristics and signatures are presented. The equivalent CNR deg-
radations of 1 dB (at BER of 10) and 2 dB (at BER of 10~°) are
obtained using a single Lee-error correcting code and a seven-tap
baseband transversal equalizer. The residual bit errors are decreased
below the order of 107", The performance of a 256 QAM multicarrier
modem has given prospect for the development of 400 Mbit /s digital
microwave radio system,

[. INTRODUCTION

NE of the most important criteria in the design of

digital radio systems is the transmission capacity per
RF bandwidth, i.e.. bits/second /Hertz. High-level
modulation schemes for increasing spectrum utilization ef-
ficiency are now a major subject in the development of
digital microwave radio. In recent years, several digital
radio systems with 16 QAM, and even with as high as 64
QAM modulation have been developed and are in opera-
tion in the microwave frequency band [1]-[4]. The trend
to increase spectrum utilization efficiency may continue
[5].

As the modulation level increases, the system becomes
more sensitive to multipath induced waveform distortion
and interference noise. It was already demonstrated [8]
that the multicarrier transmission method is effective for
high-level modulation schemes in a multipath environ-
ment. On the basis of the above considerations, this paper
describes a 256 QAM multicarrier modem for the 400
Mbit /s digital microwave radio (DM-400M) system [6],
[7.

First, the performance of a newly developed monolithic
multiplier IC for 256 QAM modulation and demodulation
is described. Next, two principal techniques employed in
a demodulator are stated. One is ““a carrier recovery PLL
with control mode selection function’ which satisfies such
requirements as good phase jitter performance and no false
lock phenomenon. Another is ‘‘automatic gain and deci-

Manuscript received September 15, 1986, revised December 12, 1986.
The authors are with NTT Electrical Communication Laboratories, Nip-

pon Telegraph and Telephone Corporation, Kanagawa, 238-03 Japan.
IEEE Log Number 8613242,

IEEE, AND SATORU AIKAWA

sion threshold control (AGTC) circuits,”” Due to these
circuits, an excellent 256 QAM BER performance can be
obtained. Forward error comrection (FEC) is one of the
key techniques for high-level modulation systems, be-
cause it eliminates residual bit errors. A single Lee-error
correcting code with low redundancy is employed.
Finally, the 256 QAM BER performance, and signature
with and without adjacent channel interference are pre-
sented. The equivalent CNR degradatlons of 1 dB at BER
of 10™* and of 2 dB at BER of 107 are obtained. The
residual bit errors are decreased below the order of 107"

II. GENERAL DESCRIPTION
A. Outline of 256 QAM Four-Carrier Modem

For the realization of a digital radio system having a
transmission capacity of 400 Mbits /s within 80 MHz
bandwidth, a 256 QAM modulation using the Nyquist
spectral shaping (« = 0.5) is required. This enables the
frequency utilization efﬁcwncy of 10 bits /s /Hz when the
orthogonal dual polarization is employed.

In a high-level modulation system such as 64 QAM or
256 QAM, the multipath fading causes large degradation
of BER performance. A multicarrier system is considered
to be a promising method for high-level signal transmis-
sion in a fading channel, From the 256 QAM transmission
characteristics estimation, a four-carrier system with 12.5
MBaud data rate and rolloff factor of 0.5 was found nec-
essary to achieve 400 Mbits /s [8]. In this situation, the
frequency spacing between adjacent carriers is 20 MHz
and the radio channel is composed of four modems. The
modem block-diagram and major system parameters are
shown in Fig. 1 and Table 1.

The transmitting terminal equipment converts 400
Mbit /s data into 32 rails of 12.5 MBaud binary signals.
These 32 binary bit streams are fed to the four modulator
circuitry. In each modulator, eight binary streams are dif-
ferentially encoded (quadrant symmetry encoding) and re-
dundant bits for error correcting are added by an FEC
coder circuit, These streams are converted by D/A con-
verters to form in-phase and quadrature 16 level signals.
Each 16 level signal modulates a local oscillator. The 256
QAM signals with cosine rolloff spectrum shaping (o =
0.5) are then combined by a hybrid circuit and supplied
to the transmitter. The 256 QAM four-carrier spectrum is
shown in Fig. 2.

At a demodulator, the 256 QAM four-carrier signals are
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