
AT&T Labs-Research Conducts More Studies in Cellular Communications

T he previous issue of The Pentek
Pipeline (pp. 60-61), presented the
results of some experimental work

at AT&T Labs aimed at improving cellular
communications in an indoor environ-
ment. We discussed how preselection
diversity improved the reception in an en-
vironment which is susceptible to slow
fading. Measured improvements in signal
level amounted to 9 dB, which closely
agrees with the theoretically predicted im-

provement of 10 dB.
In this issue we will

cover the results of further
experimental studies using
an indoor digital commu-
nications system designed
as an extension of IS-136,
the North American
standard for cellular com-

munications. The current IS-136 standard
provides wide-area wireless access with
8 kbits/s end user data rate. The system pro-

vides good speech quality
due to the advanced speech
coding employed.

With indoor wireless
systems, there is a demand
for even higher speech
quality and more robust
communications, compa-
rable to the present wired
systems, while still adher-

ing to cost, size and power consumption
constraints. To address these consider-
ations, a system was designed to achieve
twice the effective bit rate of IS-136 for
transmission of high-quality coded speech

and various antenna diversity options
were investigated.

IS-136 Standard
IS-136 uses a 6-slot TDMA (Time Division

Multiple Access) protocol with 40 msec
frames as shown in Figure 1. During each
frame, a user is allocated two evenly
spaced uplink and downlink slots. Each
slot contains 162 symbols: 130 of these are
for user data and the remainder for syn-
chronization, signaling and control. IS-136
uses π/4-DQPSK (Differential Quadrature
Phase Shift Keying) modulation. As a result,
every 20 msec 260 channel bits or 13 kbits/s
are available for user data. Channel coding
reduces this number considerably, so the
IS-136 coder provides about 8 kbits/s end
user rate.

Enhanced IS-136 System
The enhanced AT&T Labs system uses

π/8-D8PSK (Differential Eight Phase Shift
Keying) for the data symbols, while the
overhead symbols are transmitted in the
original format. This scheme provides 390
channel bits per slot for an uncoded capac-
ity of 19.5 kbits/s. A forward error
correction speech coder reduces this to
16 kbits/s end user rate. Figure 2 shows
phasor diagrams of the two modulation
schemes, also known as constellation dia-
grams.

Size, power and cost constraints for the
handset are the most demanding charac-
teristics of the system design. The choice of
p/8-D8PSK modulation reduced link
margin by several dB. To make up the dif-
ference, various antenna diversity options
were investigated. The preselection diver-
sity scheme that was used in the previous
Pipeline article was employed again. For
the uplink, where size, power and cost
constraints are not as stringent, other
signal enhancement methods were subse-
quently investigated.

Signal Processing
The downlink portion of the enhanced

IS-136 system is implemented with the
general-purpose VME-based signal pro-
cessing platform shown in the block
diagram of Figure 3. The major hardware
components include:

● 900 MHz transceiver
● Custom interface circuitry
● A/D converters and ’C40 DSP pro-

cessors from Pentek
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Figure 1. IS-136 Downlink
Frame Structure

Figure 2. Constellation
Diagrams (after demodulation)

Figure 3. Signal Processing
Downlink System Block Diagram



A modified handset with two antennas
was used for preselection diversity. Major
system components were partitioned into
the separate DSPs of the Pentek 4270 Quad
DSP processor and the Pentek 4257 Dual
’C40 coprocessor for ease of implementa-
tion and flexibility. Functions allocated to
different DSPs include:

● Speech coding
● Transmit channel coding, modula-

tion and filtering
● Receive filtering, synchronization

and demodulation
● Receive channel decoding
● Speech decoding
In addition, system control and monitor-

ing, (e.g. constellation display and user
interface to control
system parameters)
are performed by a
separate DSP. This
modularity allows
for the easy investi-
gation of different
speech coding
algorithms and
channel coding
techniques.

The custom
interface circuitry

provides most of the functions needed in a
product implementation of the enhanced IS-
136 system. Additional functions needed to
measure the performance of the experi-
mental system are also included. These
functions include:

● Audio and baseband I/Q signal anti-
aliasing and reconstruction filtering

● Transmitter modulation,
upconversion, RF filtering and
power amplification

● Receiver RF filtering, amplification,
downconversion and demodulation
to I/Q signals

● Antenna control for diversity
experiments

● Clock generation and control
The downlink design dominated

system development. Once it was fully
operational, implementation of the uplink
system was fairly straightforward.

“Having made the choice of a signal
processing platform, we looked into the
development tools available for use on that
platform. Experience on a prior project
showed that we could expect very good
performance from a C compiler optimized
for the instruction set of the DSP,” said
Bruce McNair, Principal Technical Staff
Member of the Wireless Systems Research
Department at AT&T Labs in Red Bank,
NJ. “Breaking down the different project

functions, such as filtering, speech and
channel coding, and assigning them to in-
dividual DSPs, allowed us to address each
one separately and optimize performance
without reprogramming other parts of the
system,” he added.

Results
Over-the-air demonstrations are the

most effective way to show the perfor-
mance of a wireless communications
system. While they were used extensively
in the course of this project, it was difficult
to quantify results or to compare systems
with different parameters. Precise SNRs,
fading rates and other channel conditions
cannot be reliably replicated. For this rea-
son, all the performance evaluations and
measurements were conducted over simu-
lated RF channels using a RF impairment
simulator and a commercial frequency
synthesizer as the LO.

As shown in Figure 4, the fader pro-
vides two independently fading channels
that can be used to alter the 900 MHz RF
signals generated by the transmitter. The
downlink receiver selects between these
two channels.

Using the setup of Figure 4, it was found
that coding improves results by 5 dB, while
diversity gives a 10 dB improvement. When
these two are used together, i.e. coding plus
diversity, a 14 dB improvement can be ex-
pected. In order to maintain a frame error
rate (FER) of 1%, a SNR of 34 dB is required
in an environment with fading at the rate of
1 Hz without coding or diversity. When
coding and diversity are used together, a
FER of 1% can be maintained with a SNR of
only 20 dB.

Epilogue
In order to address operation in out-

door cellular environments, the scope of
this project was subsequently expanded by
adding a complete uplink to the enhanced
downlink IS-136 system. In addition to
preselection diversity, other signal enhance-
ment methods, such as coherent detection,
were investigated. Some of the results indi-
cate that preselection diversity provides
comparable improvements, while coher-
ent detection only offers an improvement
of 2 dB.

Again, the same signal processing sys-
tem from Pentek was used. The system,
chosen five years ago, will now be used in
upcoming smart antenna and high-speed
wireless data networks studies. ’C6x
boards from Pentek provide a growth
path for future work. ❏
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Figure 4. Hardware
Configuration for Measurements

“ Breaking down the
different project functions,
such as filtering, speech
and channel coding, and
assigning them to
individual DSPs, allowed
us to address each one
separately and optimize
performance without
reprogramming other
parts of the system.  ”
Bruce McNair, AT&T Labs


