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Abstract—In our Software Defined Radi®DR) project we TABLE
aim at combining two different types of standards, Blue- BLUETOOTH & HIPERLAN/2 PARAMETERS.
tooth and HiperLAN/2 on one common flexible hardware Bluetooth HiperLAN/2
platform. The HiperLAN/2 hardware is that complex com- System PAN WLAN
pared to the Bluetooth hardware, that Bluetooth capability Frequency Band| 2.4-2.4835 GHz | 5.150-5.300 GHz,
may be added to the HiperLAN/2 platform at limited cost. 5 470-5.725 GHz
The question is how to do this. Access Method | CDMA TDMA

In this paper we first describe the radio front-end func- Duplex Method | TDD TDD
tions and their implementation. Subsequently the test-bed | Modulation Type| GFSK OFDM
that will assist us in building the hardware platform is de- Max. Data Rate | 1 Mbps 54 Mbps
scribed. We present the method by which we use the Hiper- | Channel Spacing 1 MHz 20 MHz
LAN/2 front-end for Bluetooth reception purposes. Our sys- Max Power Peak 100 mW 200mw-1W

tem consists of three parts: analog signal processing, digital
channel selection and digital demodulation. The analog pro-
cessing function is capable of reception of both standards.
The demodulation function and channel selection function
are implemented in two separate software programs (one for A. Views on Software Radio
each standard) that allow the exploration of different design
alternatives and the assessment of computational cost of the
receiver. In our opinion SDR is an implementation technology in
] ] ] which two lines of thinking can be distinguished: the first

keywords: ~ Software Defined Radio, HiperLAN/Z, yonq s to implement radio algorithms using a general pur-
Bluetooth, Physical Layer, Radio Frequency, Channel Sfaqq rocessor: the second trend is to provide flexibility
lection, Demodulation. and reconfigurability to hardware platforms. In our project
we follow the second line of thinking, however in a partic-
ular way: the HiperLAN/2 hardware is that complex com-
pared to the Bluetooth hardware, that Bluetooth capability
In our SDR project we aim at combining two differ.May be added to the HiperLAN/2 platform at limited cost.

ent types of standards —Bluetooth and HiperLAN/2— on© itis not the demand for flexibility (one front-end for all
one common hardware platform. HiperLAN/2 is a high_signals) that motivates us, but the idea of providing added

speed Wireless LAN (WLAN) standard (e.g. [3] and [4])funct|onallty nearly “for free”.
whereas Bluetooth is a low-cost and low-speed Personalg,gm a software-radio perspective the issues are to de-
Area Network (PAN) standard ( [8]). As is illustrated intgrmine which functions can be identical for both stan-
table | the standards differ in several aspects and pose @}gs, which functions are different (and should be switch-
interesting challenge for an SDR platform. able at the time instant a particular standard is selected)
We focus on the radio front-end of a receiver, so fromand which functions can be parameterizable (identical
antenna (Radio Frequency (RF) signal) till and includinfunctions with parameters depending on the selected stan-
demodulator (raw bits); see figure 1. dard).

I. INTRODUCTION



B. System Overview
In this paper, we present a method by which a Hiper- " sazos | > (o]
LAN/2 front-end can be used for Bluetooth reception pur- - ;

LNA
poses. We distinguish analog signal processing, digital
channel selection and digital demodulation functions, see ~ *"**
figure 2. In section V our test-bed is presented.
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Frsend cremesoret Symbetsueen unwanted signals will exist, some potentially very strong.
Fig. 1. Front-end functions. Because of non-linearity in the receiver, these signals can
result in interference with the wanted signal.
To solve this problem, two filters with a relatively small
) bandwidth are required. Their pass bands will be from 2.4
& & SE to 2.48 and from 5.15t0 5.725 GHz, respectively. A switch
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H p— ing block schematlc_ls shown in _flgure 4._ 3
— et S Smbol Stea After these two filters, the signals will be amplified.

_ o o Then, quadrature mixing is used to mix the signals down
Fig. 2. Analog-digital partitioning. to baseband, generating in-phase and quadrature signals.
The local oscillator (LO) determines at which frequency
signals are received. For HiperLAN/2 it needs a frequency
) _ _ _ _ range of around 5.1 till 5.7 GHz, while for Bluetooth a
As described in the introduction, our idea was to StafFequency range of approximately 2.4 till 2.5 GHz is re-
with a HiperLAN/2 receiver, and change it just enough tQjred. Because a local oscillator that spans the entire fre-
accomodate Bluetooth reception as well. quency range from 2.4 GHz to 5.7 GHz is impractical, it
A possible block schematic for the analog part of @35 decided to use a frequency divider.
HiperLAN/2 receiver is shown in figure 3. This setup is The LO has a step size of 20 MHz. This equals the
known as a zero-IF or direct conversion receiver, becaugsgannel spacing of HiperLAN/2. For Bluetooth, due to
the incoming radio-frequency (RF) signal is converted dine frequency divider, the step size is 10 MHz. Because
rectly to baseband by the mixer (see for instance [6]).  channel spacing for Bluetooth is 1 MHz, further mixing
In a normal, single standard HiperLAN/2 receiver, theng channel selection has to be performed digitally (see
first filter (between the antenna and the first amplifieggction ).
is just wide enough to pass the whole HiperLAN/2 band gpe HiperLAN/2 channel is 20 MHz wide, so after
(from 5.1 t0 5.7 GHz). Clearly, this is a problem for Blue-qyadrature mixing, two low pass filters with a bandwidth
tooth signals, that are between 2.4 and 2.48 GHz. of 10 MHz are needed. Bluetooth signals are much nar-
One very simple solution would be to widen this filteryower (1 MHz bandwidth), so further filtering has to be
to let it pass all signals between 2.4 and 5.7 GHz. Ur4one digitally (again, see section Ill). An other option
would for instance have been to use tunable analog filters,
as described in [1].
After the low-pass filtering, the signals are sampled and
qguantized by the analog-to-digital converter (ADC).

Receiver

P
&, %,

o
&

Il. ANALOG SIGNAL PROCESSING

ant II. DI1GITAL CHANNEL SELECTION

filter amplifier
The (analog) oscillator frequency is adjustable in steps

of 10 MHz in order to follow the Bluetooth hopping pat-

tern. In each hop-period, a so-called “chunk” of band-

Fig. 3. Analog part of a single-standard zero-IF receiver wjdth of width B. = 10 MHz is mixed towards zero. The

mixer filter ADC



wanted channel is present somewhere in the chunk. Smnversion takes place from the ADC sampling rate to the

after quadrature mixing, the relevant channels for furthelemodulator rate.

processing are in a (zero-IF) chunéf 0 < f < B, = So,while the digital filters for Bluetooth and Hiper-

10 MHz. In the digital domain gparticular Bluetooth LAN/2 reception need to be selected by a switch, the ana-

channel has to be selected and mixed toward a frequenoy filter and ADC are designed to be identical for recep-

suitable for demodulation purposes (see section IV).  tion of both standards.

For Bluetooth signal reception, we mix at the low-side

of the requiredl0 MHz chunk, while for HiperLAN/2 the IV. DIGITAL DEMODULATION

mixing frequencyf, can be chosen in the centre of the For digital demodulation we use captured signal sam-

required20 MHz band. In figure 5, the effects of central-ples (see section V) as input for two separate MAT-

band and low-band modulation are shown. In the pictur€eAB/Simulink simulation programs: one for Bluetooth

power spectra are graphically depicted for, from top to bottemodulation and one for HiperLAN/2 demodulation.

tom, the bandpass signa(t), its analytical signak(t), its _ _

complex envelope:(t) and the in-phase and quadraturé®: HiPerLAN/2 Demodulation

signalsz.(t) andx,(t) (following the notation in [2]). The structure of an OFDM receiver consists of three ba-

Choosing10 MHz chunks enables both the (analogkic parts:

lowpass filter for a Bluetooth signal and for a HiperLAN/2. preamble removal

signal to be of equal width, see figure 5. The result of the FFT

(analog) mixing function is a low-1F Bluetooth signal (in a« QAM demodulator

zero-IF chunk) and a zero-IF HiperLAN/2 signal. A HiperLAN/2 symbol has a duration df s (80 samples

at a clock rate of 20 MHz). The first 16 samples are a copy

of the last 16 samples. So synchronization of an OFDM

X lil L X0 Nf . 1/ symbol can be achieved by using a correlator, which cor-
’ : - ; relates the beginning of an OFDM symbol with the end.

The preamble removal part fulfills this function. This part

is one of the most sensitive/critical parts of a HiperLAN/2
) 0 T receiver. After preamble removal a 64-points FFT is car-

X0 X0 ried out which translates the phase and amplitude of the

52 carriers into 52 complex symbols. These symbols are

QAM demodulated and the symbol-to-bits conversion is

Modulation at centre of band Modulation at low side of band

xo
)

xXo
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o o 0 o o fo performed in the QAM demodulator. A realistic OFDM
NE receiver must also perform equalization, phase offset cor-
0 © S A rection and frequency correction. In our test bed we focus,

S() %s() . )
: ° for now, only on the three basic parts, mentioned above.
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B. Bluetooth Demodulation
Fig. 5. Central-band and low-band modulation of a bandpass-

signalz(¢). Blocks represent power spectra. Bluetooth demodulation can be divided into two parts:

« demodulator

The digital channel selection function is to be switch? symbol decision

able between HiperLAN/2 reception and Bluetooth rece[;r-_he demodulation function converts the incoming Gaus-

tion. For Bluetooth an individual channel has to be ses—'an Frequency Shift Keying (GFSK) signal into a Non-

lected out of the zero-IF chunk and to be mixed to a IOWReturn-to-Zero (NRZ) signal.  This can be seen as the

IF (2MHz) band for demodulation purposes. Currently glgltal equivalent of an analog demodulator. The second

narrow-band filter followed by a Numerical Controlled OS_part, the symbol decision determines which bit was trans-

cillator (NCO) are designed. The requirements for the diqm'tte?' thr the d_(tamodulato_r we use an FItVI d|sc|r|m|r;§—
ital channel selection function were presented in [5]. F jon algorithm, as ItS processing requirements are less than

r
: o - q‘or a phase-shift algorithm, while performance loss is only
H LAN/2 -ADC fil f -

'per 2 post-ADC filtering is performed by a digi about 1.5 dB [7]. Furthermore, as the FM discrimination

tal FIR filter. For both Bluetooth and HiperLAN/2 rate : .
method requires a low IF signal, the output of the channel

A zero Intermediate Frequency (IF) chunk is also known as a bas§_EIeCti0n_ i_s real which is expected to be more Cqmputa-
band chunk. tional efficient than a complex output. Symbol decision is



software ‘veﬁﬁfii"g'ml» anaiog || Tek |yl Software demodulation function two separate software implementa-
Bt o Tomnses] geneaor fm;lltjfnd scope BT o tions were designed and implemented.
complex 3 *; . . . . .
BB signl speonversion complex sampling The aim of this test-bed is to build a multi-standard re-
ceiver that enables the generation of knowledge on how to
ft Agilent 1 Tek ft . . 4 . il .
i —vctorsgnal > = sczpe = m'Fegrate and design a real _tlme flexible radio recelver: At
complox LY pUT 2750 NISPS DUT this moment and at a functional level, system alternatives
. upconversion . . . . .
B sienal 52 Gz complex sampling are investigated. For instance, one of the most interest-
Fig. 6. Test-bed configuration. ing part of the HiperLAN/2 receiver is the FFT. We are

researching if this FFT can be used for channel selection
_ o _ and/or for demodulation.
performed by single sample decision (and using the opti- with this test-bed an estimate of the computational com-

mal decision moment). plexity (and therefor power consumption) of a system
structure and the algorithms used, will be made. This will
V. TEST-BED CONFIGURATION be done in order to assess the partitioning of system func-

In order to prove the validity of our ideas, a test-be§Onality over implementation components. For a future
is designed and implemented, see figure 6. The test-b@@"“me |mplementat|0n of the (_jlgltal part of our receiver
consists of two separate MATLAB/Simulink programs folthiS knowledge is of paramount importance.

HiperLAN/2 and Bluetooth transmission.

The transmitter programs are used for simulation pur- )
poses and for the generation of files that can be used by hiS research is supported by the PROGram for Re-
an Agilent E1438C vector signal generator. This generatop€@/ch on Embedded Systems & Software (PROGRESS)

allows complex baseband signals to be generated and @hthe Dutch organization for Scientific Research NWO,
converted to radio frequencies up@&Hz, with a maxi- the Dutch Ministry of Economic Affairs and the technol-

mum bandwidth 080 MHz. The generated signals can be®9y foundation STW.
offered to our analog front-end (see section II).
In our first experiments, a Tektronix TO804 digital
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For the analog front-end we presented a design of a
combined front-end. For the digital channel selection and
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