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ABSTRACT measurements. Some authors, [1] to [3], have ajread
implemented similar channel sounders that operatiemu

This paper presents a swept time delayed crossfatian  this  principle, although with different technical
(STDCC) channel sounder. The proposed topology @ymspl specifications between them. For example: in [1g th
the real-time sliding correlation technique of pg®wandom sounder is limited to a time-delay resolution fonsecutive
(PN) sequences, enabling amplitude and Dopplertigpec  multipath components of 5ns; in [2] the system does
measurements and analysis of individual multipattperform the correlation in real time; and in [3¢thounder is
components. It makes use of recent technologiesiot able to measure Doppler spectrum. The topology
specifically in the generation and transmission Rl  proposed in this paper makes use of high-speeddaDigi
sequences, which allows for an easy adjustmerieofrtain ~ Analogue Converters (DAC) up to 1.25GHz, in order t
specifications of the sounder. The intermediategjfemcy generate, download and transmit the desired PNesegu
(IF) stage of the system presented here has beechbe which in turns will modulate a highly stable phdmek loop
tested and validated by using a PN sequence at IBlgz (PLL) carrier. The modulated signal will then barsmitted
rate, which allows for a time-delay resolution ohsecutive through the radio channel. The novelty of this togg
multipath components of 2ns. The radio frequenc¥)(R relies on the fact that one can have full contreérothe
stage as also been bench-tested, and will be fetloly properties of the PN sequence transmitted, simply b
rigorous measurements in an anechoic chamber. Theloading the desired vector into the DAC's driver.
dynamic range of the system was measured to berik#n
40dB. 2. SLIDING CORRELATION TECHNIQUE

Index Terms— Channel sounder, Sliding correlation, The STDCC technique, also known as the sliding
Pseudo-random sequence, Multipath, Power Delayil®rof correlation, was first implemented by Cox in 1942 [This

Wideband. technique is based on the auto-correlation progedi PN
sequences. The PN sequences commonly used in STDCC
1. INTRODUCTION sounders are of the type MLSR (Maximal Length Lmnea
Shift Register) [1], [2].
Over the past few years, the world has withesséasia By adjusting the receiver PN sequence clock skghtl

and continuous evolution of the information teclugidés. slower than the PN clock on the transmitter, the tw

Nowadays, a trend is becoming visible in the indugt  sequences will “slide” against each other. Whenhbot

making use of evermore higher frequencies in otddérave sequences are perfectly aligned in time, the catice

the required bandwidth, so that new and enhancedutput will have its peak value. Otherwise, where th

telecommunication services can be accommodatedu$ke sequences are not aligned, the correlation resiilhave its

of such frequencies raises doubts regarding thpagation minimum value. Fig. 1 depicts the auto-correlatidra PN

mechanisms of electromagnetic waves in various andtdis  sequence.

therefore required to undertake appropriate studiesder In a radio channel, different multipath components,

to characterise and model those propagation mesnani which exhibit different propagation paths and ds)awill
This paper presents a wideband channel soundemaximally correlate at different instants in tindg. [

implemented using the STDCC technique. This method

allows for the characterisation of highly dynamitaonels,

and it can provide both amplitude and Doppler gpect

This work was partially supported by Fundagéo @pa@éncia e a
Tecnologia (FCT), under pluriannual funding anceeesh project
PTDC/EEATEL/099973/20(-ADCOD.
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Figure 1. Auto-correlation of a PN sequence.

Although the channel multipath components typically

arrive at the receiver with different time delaiysthe order
of nano seconds, the “sliding” property of thesstams
spreads out in time those components at the outpthe
correlator [4]. The amount by which the correlatiogaks
are time dilated is described as sliding factord as
represented by (1),

f,

_fR

1
3 @)

where f. is the transmitter PN chip frequency, afd is

the receiver PN chip frequency. Hence, when consigea
transmitter PN sequence clocked at 100MHz, anct@iver
PN sequence clocked at 99.999MHz (which yields to

sliding factor of 100000), a 20ns correlation pu(sTéTC)

will be displayed at the output of the system &s&s pulse.
This is also known as time dilation.

According to [1], the theoretical dynamic range af
STDCC sounder can be specified as (2),

Dy, =2010g,4(Npy ) dB

where N, is the PN sequence length in chips.

@)

3. TRANSMITTER BLOCK

The transmitter block diagram of the channel souride
depicted in Fig. 2. The main components are desgnitext.

3.1. Tx Clock Generator

The required clock signal for the PN generatoyigtsesised
using the development board of the RF2052 wideliRRd
chip, from RFMD. This device can provide an outfrom

300MHz to 2.4GHz, and is configured using a prdprie
application.
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Figure 2. Transmitter block diagram of the sounder.

3.2. Tx PN Sequence Gener ator

The PN sequence generator consists of two different
devices, a high-speed DAC driven by an appropdéiéal
driver/loader.

The DAC used is the development board for the
AD9739 chip (AD9739EBZ), from Analog Devices. Itsha
maximum sampling rate of 2500MSPS and 14 bits
gesolution.

The driver/loader for the DAC is also from Analog
Devices and is designated as Data Pattern Genegator
(DPG2). This device has a maximum rate of 1.2GSPS.

4.|F RECEIVER BLOCK

The receiver block diagram for the channel sounider
illustrated in Fig. 3. Detailed description of thmain blocks
used in the receiver section of the sounder, frefrtd right,
will be provided, except for the ones which areeaimmon
with the transmitter block which have already been
described.

4.1. 1/Q Downconverter

In order to analyse Doppler spectrum, in-phase and
quadrature components of the received signal aus th
required. For this purpose, the HMC-C009 mixer from
Hittite has been chosen. This mixer has a RF/LQueacy
range of 4 to 8.5 GHz, IF range of DC to 3.5GHz @ridto
10.5 dB conversion loss.
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Figure 3. Receiver block diagram of the sounder.

the resolution for consecutive multipath signalgblé IlI
specifies the expected time delays for the sigaaktling in
The mixer that enables the sliding correlation leé PN  paths #2 and #3 in respect to path #1.

sequences is the ZFM-2-S+ from Mini-Circuits. Thiser By performing a system calibration previously to
provides a RF/LO range of 1 to 1000 MHz, a DC toexecuting these tests, the real-time data obtalmedhe
1000MHz on the IF port and 5.7 to 7.5 dB converdass. DAQ card can be converted to an approximate level o
The DC lower band on the IF port is a system rexpémt, power at the receiver input port.

as the output of the correlation will have a veowl
frequency, in the order of a few kHz.

4.2. Correlation Mixer
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5.BENCH TESTING OF THE IF SYSTEM

Splitter Combiner

Attenuator 2
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Figure 4. Depiction of the bench testing method for the I&tem.

Coaxial cable 1

A bench method was developed in order to assess the
performance of the IF stage, as depicted in FigVidh this
setup, which allows for different multipath lengtlsd
losses, one can evaluate the IF stage performance o

multipath resolution and dynamic range. TABLE L MAIN SOUNDER SPECIFICATIONS
5.1. Setup Par ameter Value
Transmitter PN chip frequency 1GHz
The main sounder specifications for this test caolisserved Receiver PN chip frequency 999.995MHz
in Table 1. The propagation speed on the coaxialesais of Chip period 1ns
70% the speed of light, as per their datasheet. PN sequence length 2047 chips
This paper only shows one of the many tests exdcute Post-correlation signal bandwidth 10kHz
with the setup depicted in Fig. 4, which is dethile Table Sliding factor 200000
Il and has the purpose of evaluating the soundétipath Theoretical dynamic range 66dB
resolution. Multipath time resolution 2ns
Providing that the cables/paths #1 and #3 usedhén t | Mmultipath spatial resolution (cables 0.42m
tests have always the same length, it will be gatithat will Maximum measurable delay 2.047ps

assess the sounder multipath resolution, more faglyi



TABLE 1. PATHS SIMULATED IN EACH BENCH TEST Mixer

18.8 GHz Waveguide Mixer 18.8 GHz

(17.6GHz — 26.7GHz) Isolator
I
Tegs | CDle | Cable | Cable |y y Ao | At
1 2 3 ! i
1 20cm 60cm 15m 20dB 30dB 15dB i i
TABLE IIl. EXPECTED TIME DELAYS FOR MULTIPATH SIGNALS } Sotr ‘

Timedelay in respect to path !

Cablelength “

Ezt: z : :822 ;22:2 Figure 7. Depiction of the test method for the fully integrdtsounder.
Path 3 — 15m (measured 14.89m) 69.95ns POP
20 ‘ X0 ‘ X 2047
5.2. Test 1results Bl w ¢ e ]
This test is intended to evaluate the theoretioalrBultipath g aof 1
resolution of the sounder. The expected power $etet 3
paths #1, #2 and #3 are -38.8, -49.2 and -33.8 dBm,| & 1
respectively. Fig. 5 depicts the Power Delay Peofilr PDP, 0 f\ ! N ‘ ‘ I\ !
for test 1, and Fig. 6 shows only the two first tipath 0 50 E 2000
components. Figure 8. Measured PDP for the RF bench test of the sounder.
iy 7. CONCLUSIONS
PR S G B = S
é 0 R B | | | o |vas | This paper proposes a topology for a channel sounde
e e e R i Sl | i employing the STDCC technique of PN sequences by
G S S Y IS O S B hardware and in real time. The performance of Fhstage
! L ! ! L w w has been carefully assessed with measurementdtResve

Time referenced to the 1st correlation peak (ns) demonstrated that the proposed tOpOlOgy is Capable
Figure 5. Measured PDP at receiver input port for test 1. resolving very close multipath components, with imet
resolution better than 2ns.

Preliminary bench tests of the sounder fully inttgd
with the IF and RF (18GHz) stages attest for itsrexd
operation, and it is safe to assume that real indoal
outdoor measurements should perform at least slgpila
Also, a 60GHz RF system is also planned to be iated
with the IF stage of the sounder.

Power (dBm)

Time referenced to the 1st correlation peak (ns) 8 REFERENCES
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