Softvware-Defined R aiC 1O m————————————————————

Field trials of an all-software GSM base station

The cellular industry’s first-ever commercial deployment of software-defined
radio (SDR) had some system design and integration challenges as well as real
and potential outcomes.

By Jeffrey Steinheider

As part of the Mid-Tex Cellular radio opment costs, this method allows hardwarsystem that allow the applications to control
access network, Vanu, Cambridgecomponents to be upgraded without incurand monitor hardware components. The
Mass., installed a software radio GSM basgng the high cost of software redevelop-hardware components, operating system and
station in DeLeon, Texas, in June 2003. Thment, effectively tracking Moore’s Law. device drivers compose the software radio
base-station platform comprised an off-the- Vanu software radio also supports rapiglatform. Regardless of the hardware imple-
shelf HP ProLiant server with two 2.8 GHzadvancement of wireless solutions. Wirelessentation choices for each section, the basic
Intel processors running Linux and connectechanufacturers will no longer need to deployystem architecture remains the same.
to an ADC Digivance radio transceiver. Allnew hardware to keep pace with leading-
of the signal processing, protocol processingdge technologies and standards. The soffhe base station trial
and GSM BSC functionality were imple-ware radio devices download software, thus The trial installation consisted of two base
mented as application software running omeducing operating costs and increasingtation transceivers (BTS) and a base station
the HP server. Mid-Tex operates an |1S-136evenue opportunities for their owners. controller (BSC), with each running on an
AMPS/TDMA system covering 8000 square industry-standard HP ProLiant DL380 server
miles in six counties, about two hours west ocHow does Vanu software with dual Intel Xeon 2.8 GHz processors. All
Dallas-Fort Worth airport. radio work? of the signal processing, protocol process-
Software radio architecture consists ofng, and BSC functionality was implemented
Why use software radio? three basic blocks: the antenna subsysteras application-level software running on top
Two fundamental design decisions giveRF conversion and processing platform aef the Linux operating system (Figure 2).
software radio flexibility and portability. First, shown in Figure 1. The antenna subsystefihe BTS systems used the ADC Digivance
no FPGAs, ASICs or DSPs are used foincludes components such as a low-noiskong Range Coverage Solution as an RF
application-specific signal processing in themplifier (LNA) on receive and a multicarrier interface.
system. Second, all software is written irpower amplifier (MCPA) on transmit. A Each BTS provided two TRXs of GSM
high-level, object-oriented code and built ta30 W MCPA was used for the Mid-Tex trial. capacity in one sector, which can be up-
run on any reasonably POSIX-complianfThe RF conversion section is a block upgraded to four TRXs each, via a software-
operating system. downconverter that includes analog-to-digi-only upgrade in the future. Each TRX con-
By using off-the-shelf hardware and com-+al and digital-to-analog conversion. The RRained eight time slots. Two of the time slots
mercial processing platforms, these radio sysonversion for the Mid-Tex trial was realizedper BTS were used for the control channel,
tems leverage the economic benefits of highising the ADC Digivance 850 MHz Long so each BTS supported 14 simultaneous voice
volume components and the technologRange Coverage System, which performedalls. The first BTS was located in DeLeon,
advances driven by Moore’s Law. Addition-block up/down conversion of the 25 MHzwhile the second BTS was located 11miles
ally, as new, faster processors are introducedellular band. Finally, the processing plataway in the neighboring town of Gorman.
they can be integrated into new productform was the HP Proliant server, which supThe BSC equipment was located in the
quickly and at low cost without expensiveports four GSM TRXs (32 traffic channels)DelLeon central office. One of the goals for
software redesign and development. per server. No waveform-specific processinghe trial was to evaluate handover between
The Vanu solutions not only define, butoccurs in hardware; all of the signal processhe two BTSs, so directional antennas were
also perform all signal processing using softing occurs in application-level software run-used to ensure overlapping coverage on the
ware applications. The advantage of movinging on the server. Once the wireless signal i@ad between the two towers. The current
signal processing into software is increasemhoved into processor memory, an operatiniylid-Tex 1S-136 system that operates from
flexibility, allowing for maximum software system layer and two stacks of applicationthe same towers uses omnidirectional anten-
reuse across platforms and hardware geneiavel software layers perform the signal pronas and does not provide continuous cover-
tions. In addition to reducing software develcessing. Device drivers are in the operatingge between the two towns.
The ADC Digivance system provides a
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Figure 1. Vanu software radio general hardware and software architecture.

fiber-optic link for remote antennas. This

capability was used for the Gorman BTS
installation. The HP server running the BTS
software was co-located in the DeLeon cen-
tral office with the BSC, with its antenna 11

miles away.

Co-location of several base stations in a
central location is known as base-station
hoteling. Hoteling offers cost savings to an
operator because it reduces footprint and
eliminates climate control at the cell tower,
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while centralizing equipment, which reduce & Eﬁ.
maintenance costs. 7 ]

For the DeLeon BTS, the BTS server wa
installed at the tower site. It was connecte AF
via a T1 link to the BSC server. This was & :Eg e
more traditional cellular system installation
compared to the Gorman BTS. An HH
Procurve gigabit Ethernet switch at the
DelLeon central office connected the BS(
server, the Gorman BTS server and the Cis(
router that hosts the T1 link to the DeLeor
BTS. All voice and signaling was transporteq
over IP.

Switch (MSC) functionality for the trial
was provided by a TELOS soft-switch. The -
first phase of the trial used a switch runnin Crircwit switch
at TELOS corporate headquarters i (St
Vancouver, British Columbia, Canada. All
signaling and voice traffic links between the
BSC and MSC were routed over the publi
Internet. In late September, a TELOS switclirigure 2. Base station system architecture employing software radio.
was installed in the DeLeon central office,
connected to the same gigabit Ethernet switohava (modern conveniences, like strict typmmemory, memory leaks, and improper
as the BSC and BTS. Figure 3 shows thehecking and garbage collection, but poomemory accesses. On the other hand, C++
equipment located at each site. performance). An advantage of C++ is thatlevelopment knowledge is widespread, and

The Mid-Tex system was implemented inthe whole system, from high-performance sigiechniques for using the language and
C++. The choice of C++ represents a midhal processing code to network protocols taddressing its deficiencies are available.
point on the spectrum of high-level language§igh-level control, can be implemented in
between C (high performance and exceller@ne language. One drawback of C++is expdrrial results
portability, but weak type-checking and littlesure to certain classes of errors that are diffi- After the initial installation of the equip-
support for large-scale programming), an€ult to debug, such as use of uninitializednent and tests to ensure that it was function-
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nally, the system was too aggressive when
releasing a traffic channel due to poor recep-
tion, which resulted in a large number of
dropped calls. This was corrected by increas-
ing the length of time the base station mea-
sured mobile receive quality before deciding
to release the call. In a related problem, chan-
nels that were being released by the base sta-
tion were not properly cleared, preventing
future phone calls on those channels. This was
detected early and fixed in the next release.
Another problem discovered during the
first week was that on some calls, a signifi-
ADC PCI Hoat cant audio latency was introduced by the
VOIP libraries. This example took longer to
solve, as it required the creation of new sys-
tem tests to allow engineers to reproduce the
problem. It occurred because of differences
between the trial system network and the
network used for initial testing. The T1 link
added additional latency to the VOIP pack-
ets, and the delay was accumulating to cause
ing properly, engineers spent three consecunercial, off-the-shelf GSM phones that supthe noticeable latency in the voice calls. An
tive weeks at the Mid-Tex site to test angort GSM in the 850 MHz cellular band.open source program, NIST Net, was used
improve the system until it was ready forMost of the tests consisted of drive tests witho simulate the latency added by the T1 rout-
Mid-Tex to test. This was the first field trial the phones. These tests were used to exercis so the problem could be reproduced and
of the company’s software GSM base statiohandover, power control, and timing advancegested in the lab. The voice latency was re-
in a live outdoor environment. All prior test- as well as to determine the coverage area. moved in a release that was deployed during
ing was in a controlled lab environment. Sys- The first week was spent testing mobilethe second week of onsite testing.
tem hardware used is shown in Figure 5. to-mobile calls on the network. Several is- The power control algorithm was modi-
The tests were performed onsite using consues were discovered in the initial tests. Origified throughout the three weeks in an attempt

Figure 3. Trial system architecture consists of sites in Gorman and DeLeon, Texas.
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Figure 4. Cellular network architecture. ported the power
level measured by the
h timeslot. This allowe

%ngineers to compare the measured pow -
with the power control messages sent to thiggure 5. System hardware at the Del.eon
. ) Jain mobile, to determine when the power controfenta office-
requesting the mobile to significantly change, ;o ithm was failing. After testing severalback in Cambridge, while the engineer exam-
its transmit power every SACCH period. Thelmplementations of the power control algoined the current log messages. Instructions
algorithm frequently instructed the mobile t0yn 5, "5 hajance was reached that smooth@wuld easily be given to the drive tester to try
reduce its transmit power, resulting in poOkye mapile's changes in transmit power, whildlifferent test cases, and the engineer could be
reception by the base station. Trying to fiX;j increasing the mobile phone’s power at aotified of any problems with the voice link.
this resulted in a new problem: The algorithnyioh enough rate to match the movement ofhe handover algorithm was tuned so that
did not increase the mobile’s transmit powet, o opile traveling in a car away from thehandover now occurs at roughly the halfway
fast enough when the mok_)lle was moving . <o ciation at high speeds. point between the two towers.
away from the tower at high speed. This™ 1,5 hangover algorithm suffered from simi-  The network architecture and physical de-
resulted in dropped calls while driving away|ar problems. The first version caused th@loyment of the trial system also created a
from the tower. . mobiles to handover too quickly, resulting infew problems for the base station system.
_The adjustable reporting level of the 109+, handovers back and forth between thEhere was not enough capacity at the Mid-
ging system was instrumental in working Offy; towers as a phone traveled in a straightfex sites to place all of the base station
the power control adjustments. In normaji,e )ik petween the towers. In this case, 3ystem on their high availability power sup-
operation, the base station does not 1og all Qfjye tester would converse with an engineeplies, so several parts of the system lost power

to find the balance between conserving Base station on eac
mobile phone’s battery life and maintaining
high-quality voice link in all conditions. The
first algorithm was too dynamic, frequently
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at different times due to storms. The suddecase, design by contract found many of th€onclusion

shutdown of a BTS introduced several unerror cases, and the messages from the logsThe use of off-the-shelf servers and the
seen states in the BSC, which were caughtere used to find the cause of the problemLinux operating system also streamlined the
through the design-by-contract method. The As engineers iterated through releases afevelopment and deployment process. Capa-
contracts made the problems obvious by rehe base station software during the threedilities such as log retrieval and remote soft-
porting the violations to the log. This pro-week period, new releases were downloadeasare installation were built into these com-
vided a starting point in the logs, enablingo the system over an Internet connectiomodity components, meaning these did not
engineers to determine the sequence of everasd could be installed in a few seconds. Thieave to be custom developed.

that caused the problem. ease of deploying new releases allowed the The deployment phase was completed in

Using the public Internet as the voice andeam to make many small, incremental changésree weeks, at which point the system was
signaling connection between the MSC andavith each release. Improvements were madeady for Mid-Tex to begin its evaluation.
BSC introduced the same type of problemso the BSC and BTS, across all aspects of thiter extensive tests, Mid-Tex declared that
The link between the MSC and BSC couldsystem. The radio interface, the voice-overit was highly satisfied with the performance
sometimes disconnect for several minutes &P transport protocol, and the link detectiorof the software radio.

a time, a situation that was not handled welbetween the BSC and MSC are examples of It offers wireless carriers significant cost-
at the start of the trial. As in the previousareas where improvements were made. | savings, while also providing an easier migra-
tion path to new standards and services. Based
on the portability of the software and its
ability to run on industry-standard servers,
this flexible solution enables rural providers
like Mid-Tex Cellular to test new revenue-
generating applications with subscribers, as
well as facilitate the carrier’s roaming agree-
ments with nationwide operators such as
Cingular and AT&T Wireless.

While offering carriers improved flexibil-
ity and efficiency in the use of their radio
spectrum, software-defined radio solutions
allow carriers to upgrade to new air interface
standards, and deploy new revenue-generat-
ing services by implementing software
upgrades to the network infrastructure, as
opposed to overlaying additional network
hardware. For rural cellular operators, this is
an attractive scenario that allows them to
quickly and efficiently upgrade their 2G
radio systems to new 3G technologies, with-
out assuming the large capital and time-to-
market costs typically associated with tech-
nology overlays.

In addition to providing rural carriers with
a more cost-effective means for deploying
new services, the Vanu Software Radio’s
ability to simultaneously enable multiple tech-
nology standards across the network also
presents a compelling roaming business model
for rural operators. Future wireless networks
that will simultaneously support combina-
tions of AMPS, TDMA, GSM/GPRS, EDGE,
CDMA and 3G technologies will allow rural
carriers to enter into roaming agreements
with multiple nationwide operators, and sup-
port myriad circuit switch, packet and multi-
media service&RFD
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