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Abstract An equipment ror micro-cellular multipath measurement is described. To obtain 
both high resol ution time and small transmitter peak power. a spread spectrum signal is used for 
channel sounding. Real-time coherent averaging is employed to enhance the SIN ratio. 
Correlation to obtain the delay profile is performed by off-line dam processing to avoid the diffi
culty of real time correlation. 

I. Introduction 
So far, research into micro-cellular systems has concentrated only on the development of 

high-capacity communication systems with low power consumption. In micro-cellular systems. 
the ce ll s are several times smaller than in conventional systems. Thus, the propagation distance 
from the base station to the ce ll's boundary is decreased. Consequently. the delay spread will 
also be decreased. Therefore, one advantage of micro-cellular systems is their smaller delay 
spread which makes possible implementation of high-speed digital land mobile communications 
[1] . In view of this we developed a multipath measurement system to measure the multipath in 
the micro-cellular environment. 

2. The multi path measurement equipment 
The system parameters of the multi path measurement equipment are shown in Table L The 

transmitter output signal for channel sounding is a 2.598 GHz carrier which is BPSK modulat
ed by a 511 bit length pseudo random binary sequences (PRBS) al a clock rate of 25 Mbps. 
The development of real -time delay profile calculation equipment is very difficult because ex
tremely high-speed digital signal processing is required. For instance, number of multiplication 
required to obtain a complex delay profile is (51 lx2x2)x(51 Ix2)/profile. Thus calcu lation 
speed necessary for real time processing is (511 x2x2)x(5Il x2)!(40x 1 0-9x511)= 1 Oil/sec. To 
avoid this difficulty, the micro-cellular multipath measurement equipment stores the Signals for 
off-line processing. However, this makes it imposs ible to monitor the multipath in real time 
which is inconvenient for field measurement. We thus added a delay profile monitoring capabil
ity. For this purpose, corre lation is perfonned between the received signal and a replica signal 
stored in the equipment. Correlation is implemenled using several MACs (multiplying accumu
lators) and DSPs (digital signal processors). Since these devices are too slow for real-time delay 
profile calculation using al\ the received signal, correlation could only be penonned intennittent
ly. Nevertheless this is a very useful capability for measurements. 

The delay spread calculated from the average power delay profile is suscept ible to noise [2]. 
To combat this a noise reduction operation of averaging by coherent addition was perfonned in 
real-time by the equipment Unlike correlation, averaging requires no multiplication. The addi
tion rate for an N frame PRBS is Nx511 x2x2/(40x I 0-9x51I xN)= I08/sec. This speed is easily 
obtained by current technologies. The divi sion associated with the averaging operation is real
ized by simple bit shift operation. 

The a sampling rate of A/D is about 50 Msamples/sec which requires that very high speed 
memory be used for data sto rage. To avoid this, a four way interleave scheme is employed. 
However the frame length of transmitted PRBS is not a multiple of 4. The easiest way to make 
the frame length of the PRBS a multiple of 4 is to insert a dummy bit in both of Tx and Rx. 
PRBS 's. 

Figure I shows the autocorrelation function with dummy for insertion. Inserted dummy data 
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is I for DC balance. Figure I has many spurious peaks and thus it is nOt suitable for channel 
sounding. This phenomenon obstructs use of a power-of-two FIT for frequency domain corre
lation. 

Another way to make the frame length a multiple of 4 is to use a slight ly faster sampli ng rate. 
i.e. 50x512/51 1 Msamples/sec. Number of digitized samples pe r PRBS frame is 1024 at the 
receiver for a Tx PRBS of 511 bits. For thi s method to be valid the reference PRBS for off-line 
correlation must be matched to the transmiued PRBS signal. This reference PRBS'(t) can be 
obtained by sampling a transmitted PRBS(O wavefonn at 50x5 I 2/5 I I Msamples/sec. For thi s 
purpose we can use sampling theory; 

00 sin21tW(t-n/2W) 

PRBS'( t)=L PRBS(n/2W) -----

n=-oo 21tW(t-n/2W) 

Where W is bandwidth and 2W is the Nyquist rate. For our example. t=ks (k=I ,2".1024) 
and s=51 1/ 1024. 

Figure 2 shows the autocorrelation function obtained for a sampling speed changed PRBS. 
The inherent excellent correlation property of the PRBS and a digiti zed frame length of 1024 are 
combined by th is technique. The correlation noise floor shown in Figure 4. of about -54 dB 
corresponds to the inverse of the PRBS length 1/(29_1). 

3. Configuration of multiDath measurement equipment 
Figure 3 shows the schematic diagram of the equipment. The multipath measurement receiv

er consists of two blocks, an RF block and a signal processing block. In the RF block, the 
2.598 GHz RF signal with a bandwidth of 50 MHz, is amplified and conve rted to a 140 MHz 
IF signal. 

In the signal processing section, AGC was implemented at IF using a PIN diode attenuator 
whose phase characteristics do not change over the AGC range. This allowed accurate delay
Doppler spectra to be obtained regardless of any amplitude change during the mobile measure
ment The AGC dynamic range exceeded 70 dB which is sufficient for land mobile measure
ments. In the signal processing block, the 140 MHz IF signal is down converted to base
band. This signal is digitized and stored in memory fo r averaging to enhance the SIN ratio. 

Once a trigger pulse to start a measurement is generated, averaged data corresponding to one 
de lay profile is transferred to the personal computer. This data transfer rate restricts the vehicle 
speed during delay-Doppler measu remen t. Using a block transfer capability of the personal 
computer. a data transfer rate of 200 profiles/s was obtained. The personal computer could ac
commodate about 8000 delay profiles.Once the signals for one course had been recorded on the 
personal computer, the measurement vehicle was stopped and the data was transferred to a 512 
MByte MO (magneto-optical) disk for off-line proceSSing. Measurements for the next course 
could then be started. 

In both stations all clock and carrier frequenCies are controlled by Rubidium vapor atomic 

clock master osci llators. The frequency stabil ity of 10. 11 ensured synchronization during mea
surements. To avoid the influence of a phase noise on the delay-Doppler scauering function, 
PLL technology was not employed for generating the Tx carrier frequency. For the Rx local 
oscillator a commerciall y available frequency synthesizer with low phase noise was used. 

4. Delav profiles 
Figure 4 shows a de lay profi le for direct Tx RX connection. The instantaneous dynamic 

range, detennined by the peak-to-spurious correlation ratio, is about 40 dB. 

Figure 5 shows the delay profiles forTx Rx connection with 25 times averaging by coherent 
addition. The peak level proponionall y increases as input level increases from - 11 0 dBm to 
-20 dBm. Averaging reduces noise floor to about -135 dBm. This consistent wi th es timation 
from the system parameters and the SIN improvement factorof25. 

Figure 6 shows an example of delay Doppler scattering funct ion measured in a residential 
area using 64 successive complex delay profiles. Components coming from back of the mea
surement veh icle having a nomlaii zed Doppler frequency of -I are clearly resolved. This res ult 
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demonstratcs the excellent phase noise rx:rformance of the measurement system 13). 

5. Conclusions 
A mulli pa th mcasurement equ ipment for micro-ce llular communicat ion system has been de

veloped. The major advantages reali zed by Ihi s equipment are as follows: 
( I) Enhancement of SIN by coherent addition. 
(2) Measurement of each delayed path amplitude and phase with high accuracy. 
(3) Time resolu tion of 40 ns. 
(4) Measurement throughput greater than 200 profi le/sec. 
(5) Instantaneous dynamic range of about 40 dB. 
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Table I: Multipath measurement 
system parameters 

Modulation BPSK 
Code length 5 1 I 
Time resolut ion 40 os CO 

~ RF frequency 2.598 GHz ...... - l.__ -r----

Frequency stability 10- 11 

Tx. power 37 dBm 
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Figure 3 Schematic diagmm of the rnultipalh measurement equipmellt. 
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Figure 5 Delay profi les for Tx Rx conneclion with 25 limes 
avcraging by cohcrcnl addition for receiver inputs 
from - 110 dBm to -20 dBm. 
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Figure 4 Delay profile for direci Tx Rx connection, 

• -lila. 

-II' 
-1211 

-llB 

- IU 

- l S I!! 

/ .. 
/~ 

/ \'V~ 
.~~ 

"" ., O~,'>~ 
• ~ \ ,\..J,'V 

~'V\~ 

u _. 

~ Normalized Doppler frequency [Hz] 

Figure 6 An example of delay Doppler scattcring function 
measured in a residential area. 


