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Abstract—This paper presents theAdaptive Wireless Net- tecture. The reconfigurable heterogeneous architecture is
working (AWGN)project. The project aims to develop meth- heterogeneous in the sense that signal processing is per-
ods and technologies that can be used to design efficientormed in general purpose processors, bit-level reconfig-
a?rae?zglioam”?nﬁ?:;‘;g#r;f’slfemsb"intec:\rg:‘v?'eivf%rf ft‘#grgc_ urable hardware or word-level reconfigurable hardware.
tivities in the project is given. Furthermore our vision on _The goal of theAdap'Flve I,DSP Algprlthms for UMT&',
adaptivity in wireless communications and suggestions for fiVity of the AWGNproject is to deliver a set of adaptive
future activities are presented. DSP algorithms that can be used in UMTS communica-
tion systems. This set of algorithms will be mapped to
a heterogeneous reconfigurable architecture byvap-
ping DSP algorithms to a Reconfigurable Architectace
tivity of the AWGNproject.

In this paper we will give an introduction to thedap-

A key issue of future wireless communication systemie Wireless Networking (AWGNyoject. Research re-
is that they have to be adaptive. These systems havéai@ed to our project will be briefly described in section
adapt to changing environmental conditions (e.g. varyir@ur vision on adaptivity will be presented in sectidh
number of users in a cell or varying channel parameteBsth activities within the project will be highlighted in
due to reflections or user movements) as well as to chargctionsV andV. A concluding summary will be given
ing user demands (bandwidth, traffic patterns and Qo%).sectionV| and directions for future work will be pre-
When the system can adapt — at run-time — to the envirafented in sectiokil! .
ment significant savings in computational costs can be ob-
tained []. Furthermore, the hardware architectures have
to be extremely efficient and cost effective as they are used
in battery-operated consumer terminals. Spread spectrum communications techniques in the

Traditional algorithms in wireless communications ar®rm of Code Division Multiple Access (CDMA), the
rather static, like algorithms discussed if).[The recent multiple access technique on which UMTS is based, have
emergence of new applications that require sophisticateeen used in the commercial 1IS-95 second generation cel-
adaptive, dynamic algorithms based on signal and chdular wireless communication system for almost ten years
nel statistics to achieve optimum performance has draWi]. Therefore techniques as fast power control and RAKE
renewed attention to run-time reconfigurability. receiving, that are used in all cellular CDMA systems

The Adaptive Wireless Networking (AWGN)yoject have been studied extensively. Spread spectrum commu-
aims to develop digital signal processing (DSP) technoloications techniques have already been used in military
gies that can be used to design efficient adaptable amwmmunications for over half a century, primarily because
reconfigurable base stations and terminals for third anfitheir anti-jamming and covertness properties. So the
fourth generation wireless communication systems, suesic techniques behind spread spectrum communications
as UMTS. In order to achieve this, the project consists wf general have been studied for an even longer time.
two activities. The improved internet and multimedia capabilities of

The goal of thevlapping DSP algorithms to a reconfig-third generation wireless communication systems require
urable architectureactivity of theAWGNproject is to map a variety of data services from low to very high bit rates.

a set of adaptive DSP algorithms, for wireless commur®ne way of achieving this in CDMA systems is through
cation systems, on a reconfigurable heterogeneous arthé use of orthogonal variable spreading-factor (OVSF)

Index Terms—Adaptivity, Software defined radio, Recon-
figurable heterogeneous architecture, UMTS, MIMO

I. INTRODUCTION

Il. RELATED WORK
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spreading 4]. This technique is used in UMTS. Sincechip [14], [15]. For example, Xilinx delivers a combina-
most internet and multimedia applications are asymmgeibn of Virtex || FPGA technology and one or more Pow-
ric, downlink (base-station to mobile) traffic is expectedrPC 405 — on a single chip —, the Virtex-1l Pro. How-
to dominate in UMTS and other third generation wireever, conventional reconfigurable processors are bit-level
less communication systems. To further increase theronfigurable and are far from energy-efficient. At the
throughput, reduce delay and achieve high peak rateddniversity of Twente in theChameleorproject [L6] the

the UMTS downlink advanced techniques like for exanfirst steps have been made to define an energy-efficient
ple adaptive modulation and coding (AMC) and hybritleterogeneous reconfigurable System-on-Chip architec-
automatic repeat request (hybrid ARQ) are needed. Thésee. Pleiadesat the University of California, Berkeley,
advanced technigues have been studied extensivkly [ is exploring reconfiguration of coarser-grain application-
the 3rd Generation Partnership Project (3GPP), the UMEBecific building blocks with an emphasis on low-power
standards development group, resulting in the High Spesaimputations [7]. Chameleon Systems created one of
Downlink Packet Access (HSDPA) mode of UMTS, inthe first practical commercial implementation of coarse-
cluded in Release 5 of the UMTS specification. grain reconfigurable technology for data intensive Inter-

Recently, the deployment of multiple antennas at boft¢t, DSP and other high performance telecommunica-
ends of a wireless communication link, resulting in séon applications €. Furthermore, Quicksilver'sadap-
called multiple-input multiple-output (MIMO) communi- tive computing machine (ACNgchnology is intended for
cation systems, has received a lot of attention, becal@#-power mobile devices![], whereas PACT{(] pro-
of the significant increases in capacity that these systeRses aextreme processor platform (XPBased on clus-
promise []. Multiple-input single-output (MISO) sys- ters of coarse-grained processing array elements.
tems have received a lot of attention as well, because they
avoid the extra costs and complexities of multiple anten- 1. ADAPTIVITY
nas at the receiver and still provide some of the advantage
of MIMO systems. MISO techniques as closed loop trans-
mit diversity and space-time transmit diversity (STTD)
based on orthogonal space-time block codes have already
been included in the UMTS specificatior][ The perfor-
mance of closed loop transmit diversity, STTD and other ) X ,
MISO and MIMO techniques in UMTS is being evalu- Assume that a function can be performed by differ-

ated in the IST-METRAproject [F] and recently also in ent aIgonthr_ns. One algorithm out of the set of dif-
the 3GPP{], [10]. ferent algorithms can be selected and used through

reconfiguration of the hardware. The selection pro-
cedure of a suitable algorithm depends on the condi-
tions of the wireless channel and the user demands
(the number of interfering users, the required QoS,
etc.) and has to be done at run-time.
Both the base station and the terminal show possibilities
r application of these kinds of adaptivity.

Th our opinion there are two kinds of adaptivity:

1) Algorithm adaptivity

Parameters of an algorithm can be adapted in real-
time, on-the-fly.

Algorithm selection adaptivity

So far most algorithmic level research on reconfigura-
bility in UMTS, as for example in théluMoR[11] and
Fitness[12] projects, has focussed on multi-mode recon-
figurability to enable Software Defined Radios (SDRs)
supporting multiple communication system standards.
The EASYproject [L3] aims at developing a power/costfo
efficient System-on-Chip (SoC) implementation of the
HiperLAN/2 standard. In thédaptive Wireless Network-
ing (AWGN)project, however, we would like to use reA. Examples of algorithm adaptivity

configurability to allow the communications system to The number of RAKE fingers can be changed accord-
adapt to changing environmental conditions. Therefofigy to the conditions of the wireless channel. It is known
we would like to study how techniques that are used {fat the number of multi-path components varies due to
UMTS, as for example variable spreading factor spreagtattering in the environment. Research on an adaptive
ing, RAKE-receiving, adaptive modulation and codingRAKE receiver is done in thEhameleorproject [1].
MISO and MIMO, can be made adaptive to environmental Utilizing multiple antennas can increase the capacity
conditions and how these techniques can make use of ghémprove the performance of a wireless communication
reconfigurability of a heterogeneous reconfigurable arcltystem. Adapting the gain factors of the signals from
tecture. different antennas will lead to different behaviour of the
Recently, there have been several announcementsrafitiple antenna system. Hence, changing the combining
heterogeneous reconfigurable architectures on a singlies of the signals from different antennas will change
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Fig. 1
QUALITY LEVEL /BASE STATION LOAD TRADE-OFF.

Fig. 2
PROCESSING POWERCHANNEL CONDITIONS TRADE-OFF.

the behaviour of the multiple antenna system from beahe algorithm, it requires more processing power. When

forming to diversity, or vice versa. the channel conditions become even worse, the receiver
should switch to the most sophisticated algorithm, i.e. al-

B. Examples of algorithm selection adaptivity gorithm 3, in order to fulfill the quality requirements on

Assume that a certain function in a UMTS base statidhe supplied wireless link.
has three quality levels. Assume also that this functionNowadays, terminal receivers are designed according
can be performed by three different algorithms and thaf®Worst-case conditions. Hence, algorithm 3 will always
fixed amount of processing power is available at the bad@ used in a terminal in order to satisfy to the link quality
station. The first algorithm meets the highest quality leviVvel. However, in real-life the behaviour of the wireless
but also requires the highest amount of processing pov\;g}_annel is most often better than the worst-case scenario
The second algorithm only meets the middle quality lev@d S0 more power-efficient algorithms can be used.
but with the available amount of processing power it can
handle a higher base station load for that quality level than
the first algorithm can. The third algorithm only just meets

the lowest quality level but with the available amount of he Manping DSP alaorith p bl
processing power it can handle a higher base station load "€ Mapping algorithms to a reconfigurable ar-

for that quality level than the first and second algorithr‘ﬁh'tectureaCt'V'ty will mainly focus on the terminal part

can. So by switching between the three algorithms d%[the downlink of a UMTS communication system. The

pending on the base station load it is possible to achief\?é:US will be on mapping DSP algorithms on a hetero-

a higher quality level over a base station load range thgfneous reconfig_urable architecture. The reconfigurabl_e
with the use of just one algorithm, see Fig. archltecture_con5|sts of general purpose processors,_blt-
Assume, in another example, that a certain function Hﬁvel reconfigurable hardwqre and word-'level reconfig-

a UMTS terminal requires a constant link quality indeL-Jrable hardware. The following approach is taken:
pendent of the number of interfering users. Assume alsol) We start with studying the state-of-the-art in base-

IV. MAPPING DSPALGORITHMS TO A
RECONFIGURABLE ARCHITECTURE

that this function can be performed by three different al-
gorithms, which require different processing power levels
while they supply equal link quality levels for different
conditions (for example different Multiple Access Inter-
ference (MAI) levels), see Fi@. Algorithm 1, which re-

quires the least processing power, can be utilized in case)

there exists a small number of interfering users in a cell.

When the MAI due to interfering users increases, so when
the conditions of the wireless channel become worse, thed)

terminal receiver should spend more effort in order to sup-

band processing algorithms for Bluetooth, Hiper-
LAN/2 and UMTS. A multi-standard communica-
tion system is considered because in next genera-
tions (3G+/ 4G) the reconfigurable hardware has to
support the integration of multiple standards.

Next we define a set of typical algorithms to be
mapped on the heterogeneous reconfigurable plat-
form.

Finally the set of algorithms is mapped onto the re-
configurable platform.

ply the same link quality level. However, the link qual- The main questions that this research will answer
ity level cannot be met by algorithm 1 anymore and th@&'e:

receiver should switch to a more complex receiver algo-«

rithm, algorithm 2. As a consequence of the complexity of
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As a first experiment we have mapped the baseband
processing part of the HiperLAN/2 receiver ontooM-
Tium-tiles. We described the most important functions
(most computational intensive) that are being subject to
further research, in order to map the functionality on the
MONTIUM architecture. We only considered the receiver
part of the HiperLAN/2 physical layer, although the trans-
mitter part can be described in a similar way.

In order to perform all receiver processing (excluding

Fig. 3 the synchronization and control processing part), 2 or 3
CHAMELEON HETEROGENEOUSSOC ARCHITECTURE MoNTIUM-tiles are required (depending on modulation
type), when we assume the tiles to run at a clock frequency
of 100 MHz. We estimated the processing delay in the
« How have the different algorithms to be schedule@ceiver of one OFDM symbol to be about 4% when
over the heterogeneous reconfigurable platform? 64-QAM modulation is applied. Furthermore, the pro-
cessing delay using BPSK modulation will be abouyts3
Hence, we have an adaptable HiperLAN/2 receiver, which
can be implemented in 2 or 3 NTIuM-tiles depending

In the Chameleonproject [L€] at the University on modulation scenario. In this way the baseband pro-
of Twente a dynamically reconfigurable heterogeneodgssing of one OFDM symbol is pipelined over multiple
System-on-a-Chip (SoC) is being defined. The SoC cagroNTIUM-tiles, since every 4is a new OFDM symbol
tains a general purpose processor, a fine-grain reconfigs to be processed. The actual modulation type used de-
urable part (consisting of FPGA tiles) and a coarse-grajands on the channel conditions. This initial experiment
reconfigurable part (see Fig). The latter comprises sev-shows that adapting to the channel conditions is useful for
eral MONTIUM processor tiles. The algorithm domairgaving baseband processing.
of the MONTIUM comprises 16-bit digital signal process- The functionality of the Bluetooth receiver appeared
ing (DSP) algorithms that contain multiply accumulatg, have a fairly simple signal processing part, which can
(MAC) operations. A MONTIUM-tile is designed to ex- pe implemented in the MNTIUM architecture quite well.
ecute highly regular computational intensive DSP kerneffie computation delays of the different receiver parts
[21]. The irregular parts of the algorithms run on the gerseem to be a few clock cycles. The processing while re-
eral purpose processor. The SoC yields a combinationciving one bit takes about 130 ns, when a FIR filter with

H EEmE

A. Reconfigurable heterogeneous architecture

performance, flexibility and energy-efficiency. 50 coefficients is applied and the clock frequency of the
MonNTIUM-tile is 100 MHz.
B. State of the art This experiment showed the flexibility of the M-

By studying the state-of-the-art in Software Defined! M- AN HiperLAN/2 receiverwas implemented, which
can adapt to the used modulation scheme, as well as a flex-

Radio (SDR) for Bluetooth, HiperLAN/2 and UMTS, we.

. ) ) . . . ible Bluetooth receiver on the same architecture. Long-
will define a set of typical DSP algorithms used in wire: . .
less communications. Currently, the physical layers g?rm as well as short-term reconfiguration of thoM

: ' TIUM has been demonstrated. The implementation of both

two communication systems are subject of our researcl): . L
a rather complex wireless LAN system, the HiperLAN/ uetooth and I_—hperLAN/Z baseband. processing In the
ONTIUM architecture shows the ability of the dwi-

standard that has the same physical layer as IEEE 802.11a

and a less complex communication system, the BIuetooTthUM architecture for long-term configuration. Further-

S mare, the HiperLAN/2 baseband receiver showed the abil-
standard. These two communication standards have been : . ) . .

. |t¥ of short-term reconfiguration, while the configuration
selected, because they are already part of ongomg& Sends on th d modulation t
search at the University of Twent&Z] and they are differ- epends on the used modulation type.
ent enough to give an indication whether our approach is
feasible or not. For both communication systems we an- V- ADAPTIVE DSP ALGORITHMS FORUMTS
alyzed the feasibility of implementing the systems in the The Adaptive DSP Algorithms for UMT&ctivity will
target architecture. We considered the@Nrium archi- focus on the downlink of a UMTS communication system
tecture and assumed that the clock frequency of tlkeiM including its High Speed Downlink Packet Access (HS-

TiuM-tiles was 100 MHz 23]. DPA) mode. The focus will be on developing adaptive
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DSP algorithms for use in the receiver of a UMTS termthe UMTS transmitter can use closed loop transmit diver-
nal. The development of these adaptive DSP algorithrsisy or space-time transmit diversity (STTD/] the termi-
will consist of the following research steps: nal will have to be able to generate channel state informa-
1) Study the algorithms that are currently used in tHén (CSI) that is used for closed loop transmit diversity
UMTS terminal receiver and determine if and hov@nd the terminal will have to be able to do space-time de-
they can be made adaptive. coding. In UMTS convolutional or Turbo channel coding
2) Determine the downlink capacity and energy imcan be usedZ], so the receiver will have to implement
provements that can be achieved by using adapt#fecoding functions for both channel coding methods.
algorithms in the UMTS terminal receiver. To support HSDPA the terminal receiver will have to
3) Determine whether there are functions in the UMTBe able to generate channel quality indicator (CQI) mes-
terminal receiver that can be implemented with disages £5] used by the base station for adaptive modula-
ferent algorithms that have a different processiriipn and coding. Since the transmitter can use 16-QAM

power/channel conditions trade-off. modulation in HSDPA, next to the QPSK modulation that
4) Find criteria for switching between the algorithmés normally used in the UMTS downlinkf], the termi-
that implement these functions. nal receiver will have to implement 16-QAM as well as

5) Determine the downlink improvements that can b@PSK demodulation. Furthermore the I_-ISDPA enabled
achieved by switching between different algorithmggceiver will have to support hybrid ARQ ).
for implementation of functions in the UMTS ter-

minal receiver. B. State of the art

The two main guestions that this research will anSWer 1, <ot the study on adaptivity in the UMTS receiver
are. we have build a simulator of an UMTS transmitter and
« Canthe algorithms that are currently used in@a UMT3cejver. The simulated transmitter supports orthogonal
terminal receiver be made adaptive and what are q?&riable-spreading factor spreading and QPSK and 16-
downlink improvements that can be achieved by th§am modulation. The simulated receiver supports or-
adaptive versions of these algorithms? thogonal variable-spreading factor RAKE-receiving and
« Is it possible to implement functions in the UMTSQPSK and 16-QAM demodulation. To simulate an actual
terminal receiver with algorithms that have a difypTs receiver realistically, cell-search, path-search and
ferent processing power/channel conditions trade-Qffanne| estimation have been implemented in the simu-
for a given link quality level and what are the downateq receiver as well. The simulator can simulate mul-
link improvements that can be achieved by switchingpath AWGN channels and multipath Rayleigh fading
between these algorithms? channels with doppler spread due to motion of the ter-
minal. Currently simulations are performed to study the
A. DSP Algorithms in the UMTS Downlink performance of th.e_ UMTS downlink receiV(_er under vari-
ous channel conditions and to study how this performance

The first research step in tiaptive DSP Algorithms ig influenced by changing transmitter and receiver param-
for UMTSactivity consists of studying the algorithms thaga g

are currently used in the UMTS terminal receiver and de- ¢ he algorithms in the UMTS downlink receiver

termining if and how these algorithms can be made adapz; nave been implemented thus far, theth-search
tive. In order to be able to do that these algorithms firgh,q channel estimation algorithmseem to be the most
have to be identified. A brief summary of the algorithmg,itaple algorithms for adaptivity that depends on envi-
usedinthe UMTS termmal receiver, W_'th rgfere_nces to tB8nmental conditions, because their performance relies
UMTS specification, will therefor be given in this SeCt'Onstrongly on the experienced channel conditions. The per-

As already stated, UMTS uses orthogonal variabi§ymance of these algorithms can be influenced by chang-
spreading-factor spreading]. To combat multipath fad- jng receiver parameters such as for example filter lengths.
ing in the UMTS terminal a RAKE receiver is used for

despreading. On the UMTS downlink closed-loop power

control is used. This means that the base station trans- VI. SuMMARY

mit power is controlled by transmit power control (TPC) The Adaptive Wireless Networking (AWGNyoject
commands sent by the terminal. To generate these TRi@s to develop methods and technologies that can be
commands the terminal receiver should be able to esised to design efficient adaptable and reconfigurable base
mate the received signal-to-interference rafid]][ Since stations and terminals for third and fourth generation
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wireless communication systems, such as UMTS. In theFinally, scheduling of tasks on the reconfigurable het-
project we study the use of reconfigurability to allow wireerogeneous architecture can be implemented in different
less communication systems to adapt to changing enviravays: Multiple tiles can perform different functions in-
mental conditions and user demands. stantaneously, while the data in the tile is changing dy-

Therefore we would like to study how techniques thatamically or the data stays in one tile, while the tile is re-
are used in UMTS can be made adaptive to environmentaihfigured dynamically. Simulations have to show the ad-
conditions and how these techniques can make use of a@tages and disadvantages of these scheduling strategies,
reconfigurability of a heterogeneous reconfigurable arcliterefore a high-level reconfigurable architecture simula-
tecture. tor will be developed using OMNeT++2]].

The project consists of two activities:

1) Mapping DSP algorithms to a reconfigurable archB. Adaptive DSP Algorithms for UMTS

tecture

. . Future research in th@daptive DSP Algorithms for
2) Adaptive DSP Algorithms for UMTS

UMTSactivity can follow two paths: The first path starts

_ o _ _with the implementation of channel coding support in the
The first activity considers the hardware level, while thgy, 1ator. When the generation of channel quality indica-

second activity studies the algorithmic level of wirelesg,p, (CQI) messages is implemented as well, this will en-
communication systems. _ able us to study adaptive modulation and coding. Study-
The focus of the first activity will be on mapping DSRyg hybrid ARQ in addition will require the implementa-
algorithms on a heterogeneous reconfigurable architeg, of cyclic redundancy checks (CRCs) and of course
ure. _ . _the hybrid ARQ algorithms themselves. The second path
The first research step in the second activity consisigyts with the implementation and simulation of closed
of studying the algorithms that are currently used in thgop and space-time transmit diversity. After that MIMO
UMTS terminal receiver and determining if and how thesg@chniques that require multiple receive antennas at the
algorithms can be made adaptive. In order to be able to @®minal can be considered.
that these algorlt_hms have to be |dent|f_|ed 'flrst. Further—Signa| to interference ratio (SIR) estimation algorithms
more one has to investigate what downlink improvemenig,t are used in power control are another set of algorithms
can be achieved by the adaptive versions of these alg94t are interesting from an adaptivity on environmental

rithms. conditions point of view.
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