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Wireless infrastructure revenue continues

to/experience phenomenal growth, increas-
ing from approximately $27 billion in
2003 to an estimated $35 billion in 2004.
Industry analysts are predicting that 2004
will be the peak revenue year, as forecasts
show the revenue figure dropping back to
$27 billion in 2005, eventually settling in
to the $10-$15 billion range by the end of
the decade. This revenue decline is driven
both by lower prices as well as a drop in
base station deployments, from nearly
500,000 stations in 2004 to less than
;00,000 in 2010.

. As the industry transitions from a high-
growth phase to a more mature state, cost
pressures will increasingly mount in all
facets of the infrastructure, including the
wireless base station. Next-generation base
station deployments must conquer the
challenge of continually reducing cost (as
measured by cost per channel) while
""" adding functionality to support new servic-
es, protocols, and changing subscriber
.' usage patterns.
|
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To begin addressing this challenge,
wireless base station designs are shifting
from ASIC technology to more readily
available off-the-shelf components such as
FPGA:s. This shift is driven both by declin-
ing annual base station unit volumes as
well as FPGA technology improvements
that increase processing power and enable a
much lower cost per channel.

The migration to FPGAs is not just an
attempt to reduce costs and create a com-
mon platform to achieve commoditization
— it is also being driven by time-to-market
pressures, along with the need to make in-
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more manageable, avoiding some of the
multi-million dollar inventory obsoles-
cence issues that base station manufacturers
have faced with ASIC solutions fabricated
to support the 3G launch.

Standardizing the Wireless Base Station

Another significant step taken by the wire-
less industry is the launch of industry
organizations focused on standardizing the
non-differentiated features inside a base
station. The most notable development for
Xilinx is the migration to a standardized
high-speed serial interconnect solution
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Figure 1 — Wireless base station module block diagram

field upgrades of base station deployments.
This shift away from ASICs has enabled
significant new design opportunities for
Xilinx® Virtex-4™ devices to fill the void.

Wireless Base Station Module Building Blocks
Inside a wireless base station are fairly dis-
tinct module blocks performing different
functions, such as radio, baseband process-
ing, transport network interfacing, and
control (Figure 1). Traditional base station
designs used ASICs — along with DSPs and
other discrete components — to implement
these various architectural features and
functions.

This design approach is rapidly giving
way to more cost-effective and flexible
designs that use FPGAs. With lower costs
and increased flexibility, product delivery is
accelerated and inventory control is much
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between the different base station module
blocks, such as the Open Base Station
Architecture Initiative (OBSAI) Reference
Point 3 (RP3) and Common Public Radio
Interface (CPRI) interconnects for base-
band and radio module connectivity.

Many leading base station manufactur-
ers are members of these organizations
and are rapidly preparing to adopt one of
these two standard interconnect solutions
in their upcoming design implementa-
tions. Xilinx is fully prepared to support
these standards, and has both OBSAI and
CPRI IP solutions and reference designs
available for implementing in Virtex-II
Pro™, Virtex-II Pro X, and Virtex-4 FX
FPGA devices, using the integrated
RocketlO™  multi-gigabit tranceivers
(MGTs) in association with the logic
building blocks.

Extending Current Design Lifecycles
Standardization is the first step towards
the commoditization of base station
design and will eventually lead to a phas-
ing out of ASICs from wireless base sta-
tions. In the interim, companies are
inserting discrete devices next to their cur-
rent ASICs to support new functionality
that cannot be added in a timely or cost-
effective manner to the current design.

For instance, the Third Generation
Partnership Project (3GPP), which is a
collaboration agreement between several
telecommunications bodies, is actively
creating additional standards for the
wireless industry. 3GPP has added a
high-speed downlink packet access
(HSDPA) feature as a new Universal
Mobile Telecommunications System
(UMTS) requirement in its latest base-
band processing specification, Release 5,
for Wideband Code Division Multiple
Access (W-CDMA).

ASICs in current base stations do not
support this new variant for UMTS.
This creates a hole in the service offer-
ings for UMTS, which forecasters are
predicting will represent approximately
80% of the wireless traffic in the next
few years. This deficiency must be
addressed before future field deploy-
ments, and it can be — without exceeding
the system power budget — by using a
Virtex-4 LX device next to the ASIC,
implementing HSDPA using the avail-
able Xilinxk HSDPA IP offering.

Next-Generation Base Station Designs

But adding external devices to patch
design holes created by existing ASIC
designs limitations is purely a stopgap
solution. Future base station designs must
be able to quickly adapt to changes in sub-
scriber traffic patterns, as well as support
the upcoming convergence of new servic-
es and emerging cellular technologies such
as W-CDMA, TD-SCDMA, EDGE,
1xEV-DO, and WiMAX.

As shown in Figure 2, the amount of
cellular technologies is expected to contin-
ue to proliferate, leading base stations
down the path of having to support many

more technologies. Current issues such as
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Figure 2 — Mobile technology roadmap

multi-user detection and antenna selection
will be augmented by new technical chal-
lenges, such as channel provisioning and
base station tuning, that will need to be
resolved appropriately to reduce a service
provider’s customer turnover. The funda-
mental expectation to receive the same
high-quality wireless service wherever a cus-
tomer roams must be completely addressed.

These customer expectations would
benefit from substantial flexibility in the
base station. Fortunately, many of the base-
band processing functions and radio mod-
ule functions are well suited for
implementation in Virtex-4 devices, taking

advantage of the integrated XtremeDSP™
slices in the product architecture.

For instance, quite a few baseband
processing tasks — such as call initiation
and set-up and multi-path signal detec-
tion and monitoring — are heavily based
on mathematical algorithms. You can
very efficiently implement these algo-
rithms by using the integrated multiplier
capabilities available in Virtex-4 devices,
along with the readily available intellectu-
al property components such as the
Channel (RACH),
Searcher, and 3G Turbo Convolutional
Codecs (3GTCC) that Xilinx has imple-

Random Access

Xilinx Baseband Intellectual Property Offerings

IP Offering Application

HSDPA Increases downlink data transmission rate to a peak of 14.4 Mbps
RACH Receiver path preamble detection (specified by W-CDMA)

Searcher Multi-path delay estimate for each subscriber

36 TCC Forward error correction

Xilinx Radio Intellectual Property Offerings

IP Offering Application

DPD Signal conditioning to enable use of lower cost RF power amplifiers

CFR Signal amplitude conditioning to enable increased RF power amplifier efficiency
DUC Baseband signal modulation for digital-to-analog converter input

DDC Receiver signal modulation for analog-to-digital converter input

Table 1 — Xilinx baseband and radio IP offerings
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mented as reference designs to demon-
strate these capabilities.

The integrated DSP capability in the
Virtex-4 SX device enables a very low
power implementation of these func-
tions. Radio functions can be expanded
by using a Virtex-4 SX device to enable
more channel support.

Several enabling pieces of intellectual
property targeted at radio functions, such
as digital pre-distortion (DPD), crest fac-
tor reduction (CFR), and digital up/down
conversion (DUC/DDC), are supported
by the Virtex-4 SX device. Not only does
this help increase in the number of chan-
nels supported in a base station, but it also
helps reduce the cost per channel. Table 1
gives an overview of the different capabili-
ties offered by Xilinx baseband and radio
module IP offerings.

System Generator for DSP Development Tool
Xilinx complements its Virtex-4 product
offerings with the System Generator for
DSP tool. This is a complete integrated
DSP design environment that simplifies
the development, debug, and verification
of high-performance DSP designs target-
ing wireless base stations. This tool also
helps designers interface with complemen-
tary general-purpose and DSP processors
used in wireless base station designs.
System Generator for DSP provides
high-level abstractions that are automati-
cally compiled into Virtex-4 devices at the
push of a button, with no loss in perform-
ance over designs implemented in lower-
level languages such as VHDL. System
Generator is part of the XtremeDSP solu-
tion, which combines state-of-the-art
FPGAs, design tools, intellectual property
cores, and design and education services.

Conclusion

To learn more about the key markets
and end applications of Xilinx wireless
solutions,  visit  www.xilinx.com/esp/,
or e-mail 3¢@xilinx.com. For more
about Virtex-4 FPGAs, visit

www.xilinx.com/virtex4/. And for more

details

details on System Generator for DSP or
other pieces of the Xilinx DSP solution,
visit www.xilinx.com/dsp/. *
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