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ABSTRACT. Multipath measurements at 953 and 
1718 MHz have been performed in macrocells in ur· 
ban and rurallerrain. using a frequency sweep tech
nique and correlation in the receiver. Statistical distri
butions of instantaneous mean delay. delay spread, 
delay window and delay interval have been calculated. 
No significant difference between the two frequencies 
was observed. even though there sometimes seemed to 
be slightly worse multipalh conditions at 1718 MHz. 
When line of sight. intersymbol interference caused by 
mullipalh generally represents no problem in maCr<~ 
cells. When no line of sight. multipath profiles of 
length more than 1 00 ~ were observed. 

I. INTRODUCTION 

Norwegian Telecom Research has performed impulse 
response measurements 81953 and 1718 MHz. in dif
ferent macrocell environments in Ncrway. 

The measurements were part of narrow- and wideband 
propagation measurements carried out within the Eu
ropean RACE-programme. 

An earlier paper [3] presented the results obtained dur
ing measurements in 1990. In this paper a summary of 
results from measurements carried out in 1990 and 
1991 is presented. 

n. THE CHANNEL SOUNDER 

The channel sounder is described in [3]. A brief de
scription will be given in the following. 

A frequency sweep technique was used. because it was 
then possible to achieve a sufficient coverage area to 
measure impulse responses in large cells by use of 
moderate output power. In addition this method is re
sistant againSl interference from other services. 

Table I shows how me parameters of the channel 
sounder varied depending 00. the sweep length: 

Sweep lengm. J.lS 128 64 32 16 

Sweep BW. MHz 1.0 2.0 4.0 8.0 
lR length, JlS 100 5() 25 12.5 
IR resolution, J.lS I 0.5 0.25 0.125 

Table 1. Channel sounder parameters 

When it was poss ible, existing base station sites forthe 
analogue N1vIT-system were used as transminer sites. 
TX power was 25 W for bom carrier frequencies. Ver
tically polarized omnidirectional and directional trans
mining antennas with 5 - IS dBi gain were used. 

The receiver was placed in a van with antenna height 2 
m. The RX antennas had approximately 5 dBi gain. 

We perfonned in~tantaneous impulse response elR) 
measurements. and assumed me channel to be constant 
if me receiver moved less than ")J12 during recording 
of one impulse response. 15 impulse responses were 
estima.r.ed every second. 

Instantaneous and total dynamic range of the receiver 
was more than 30 and 80 dB respectively. 

m. PROCESSING OF MEASUREMENT DATA 

Sampled impulse responses were Slored on the disk of 
a PC. and channel statistics were calcula.r.ed after
wards. 

Every sample in an lR below a certain limit (Noise 
Spurious Threshold - NST) was skipped from the cal
culations to avoid false channel statistics calculations 
due to noise. When receiving weak signals. complete 
IRs were rejected from channel statistics calcula.r. ions. 

The theoretical noise threshold for this channel sound
erequals -133 dBm for a receiver bandwidth (BW) of 
0.5 MHz (assuming noise temperature 300 K and re
ceivernoise factoc4dB). and is increased by 3 dB each 
time the BW is doubled. Averaging of up to 31 re
ceived sweeps before channel estimalion improves 
this figure by up to 15 dB. Adding a safety margin of 
15 dB to these theoretical values. one false measure
ment per hour might be accepted. 

Cumulative dislributions have been calcula.r.ed foc in
stantaneous values of the following parameters (1.2]: 
- Mean delay: The first order moment of the IR; the 

power-weighted average of excess delays 
- Delay spread: TIle second crder moment of the IR; 

the power-weighted standard deviation of the excess 
delay 

- Delay interval: The interval from first time the power 
of the impulse response exceeds a given threshold to 
the last time it fal ls below this mreshold, which here 
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was 3 o r 6 dB below peak 
• Delay window: Length of middle portion of the lR 

containing.50 and 90% of the total energy found in 
that impulse response. 

IV. RES ULTS 

Our main interest was to explore propagation condi
tions in macrocells, and we have conducted measure· 
ments in different landscape types: ForestJfannJand, 
valley, mountain, fjord. coast, suburban and urban. In 
this paper a smaJl extract of Ihe results will be pre· 
sented. Further results are presented in [4]. 

In table 2 parameter vaJues for both 953 and 1718 
MHz are presented. Foreach measurement we tabulate 
values for median and 90% quantile of mean delay 
(MO), delay spread (OS). 3 and 6 dB down delay in· 
terval (301, 6DI) and SO and 90% delay window 
(SODW and 9ODW). We also present some cumulative 
dislributions of delay spread. 

IV.I Measurements in I'Ul'aJ ral'mland and rorest 

Measurements were conducted in different rural areas 
with varying degree of open fannland and forest. 

Frm_IA: An open ruraJ area with gently sloped fann
land. Scattered residential houses and trees aJong the 
measurement route. Antenna height 8 m above ground 
level. The distance between TX and RX varied be· 
tween 0.6 and 5 kIn. The direct lineofsight(LOS) path 
was often obstructed by the smOOlhly rolling terrain. 
Ouring non LOS (NWS) conditions. the longest IRs 
were found closest to the transmitter. The parameter 
values were slightly larger at I718 than at 953 MHz. 
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Figure I . Cumulative distribution of delay spread, 
measurement Fnn_IA 

Frm_5: The transmitter placed in an open, rural envi· 
ronment with fannJand and some woexled areas, The 
antenna was placed 8 m above ground level. The dis· 
tance to the measurement route was 0.3 - 7 km. The 
forest and small. smooth hills caused a NLOS situation 
aJong the route. No significant difference between 953 
and 1718 MHz was observed. 

In general, foc all measurements pcrfonned in fann· 

land and forests, typical lengths of IRs undcr NLOS 
conditions were 10)lS. sometimes increasing to 20· 40 
)!S. 

IV.2 Measurtmcnts in valleys 

Measurements were performed in several valleys. 

Val_2: A rural area in a smooth "U"·shaped valley, 3 
kIn wide with 350 m high wcxxlcd hillsides and a 2 km 
wide lake in the m iddle. The TX was placed in the hill· 
side 230 m above the measurement route. The route 
followed the lake at a distance 1.3 - 12 km from the 
TX, The direct LOS path was generally obstructed by 
the hills ide. The length of the IRs were 20 - 40 j.J.S. cven 
right below the transm itter. The larger parameter val
ues at 953 MHz are probably due tothe larger number 
of rejected impu lse responses at 1718 MHz. 
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Figure 2. Cumulative distribution of delay spread, 
measurement VaI_2 

Val_ 4: A rural area in a quite steep valley, 0.3 - 1 km 
wide with 700 m high mountain chains surrounding it. 
Some forest in the more gentle hillsides. The TX was 
placed in the bottom of the valley at road level with an 
8 m high omnidirectional antenna. The measurement 
route followed the valley at a distance of 0.7 • to km 
from the TX. Halfway down the routcthe vaJley made 
a 60

0 

tum. giving a NLOS condition further down the 
route. The upper part of the route had partly NLOS 
conditions due to obstacles close to the coac!.ln generaJ 
we found the longest IRs in the NLOS area closest to 
the transmitter, and as we drove away from the trans
miller, the IRs became shoner, We observed slightly 
longer IRs at 1718 than at 953 MHz. 

We also perfonned measurements in a 0.7 - 1.5 kID 
wide canyon-like valley where naked mountain sides 
gave gcxxl reflection conditions. This was a "worst 
case environment", and parameters were two to four 
times as large as the parameters from measurement 
VaI_4. 

IV.3 Measurements In coastal districts 

Measurements were conducted in a coastal district 
with scattered islands. 
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Cst_I A: The TX was placed OIl top of a 210 m high 
mountain. Most of lhe islands in the area had 200· 300 
m high hills or mountains. The measurement route was 
on the same island as the transmitter, but almost at sea 
level. The distance to the TX was 0.7·2 km. Due to 
shadowing from the mountain ridge , many parts of the 
route had NLOS conditions. The distance to the neigh· 
bouring islands was 2·5 km. Parameters were slightly 
larger at 953 MHz. 
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Figure 3. Cumulative distribution of delay spread. 

measurement Cst_IA. 

We also made measurements along a route on lhe olhcr 
side of the island. using the same TX site. This route 
had only NLOS conditions due to the mountain ridge. 
Along this route the delay spread was more than twice 
that of route Cst_l A. and the muhipath situation was 
slightly worse at 1718 MHz. Parameter vaJues for this 
route are not tabulated in this paper. 

In general. using this TX site. no significant difference 
between 953 and 1718 MHz was observed. 

IV,4 Measurements In urban areas 

Measurements were performed in two citics. 

Urn_I: Urban environment with typically 4-7 storey 
buildings. mainly made or concrete. The antenna was 
placet! in a smal l park below most roof lopS. 13 m 
above street level. The distance between TX and RX 
was 0.1 - 1.3 km. mainly with NLOS conditions. The 

Env . mt freq BW MO~D HO'D D5,o D590 30I,0 

Frm_1A 953 • 0 . 3 1.1 0 . 3 1.5 0 . 25 
,~-" 1118 • 0 . 3 1 . ' 0 •• 1.' 0 " ,~-5 953 2 0 . 8 3 . 1 1 . 0 '-' 0 . 5 
,~-5 1718 2 0 . ' 3 . 0 1.0 3 . 6 0 . 5 
v.1 2 953 1 8 . 0 15 7.0 11 2 -V"' 2 1718 1 7 • ,. 6 . 3 10 l -V.1 • 953 2 1 3 3 . 0 1.1 3 . 5 0.5 -
v.1 • 1118 1 1 • 3 7 1.3 3 . 3 1.0 -
C6t_ 1. 953 1 • . 5 19 . 5 5 . 5 ' . 2 2 
cst 1. 1718 1 5 . 7 15 . 3 ' . 3 10 5 2 
Ucb_ 1 1718 8 0 3 0 8 0 2 0 . ' 0.25 
Ucb lA 953 • I.l l . ' 1.1 1.9 0.5 
Ucb-2. 1718 2 2 . 2 3 . 8 1.5 '.7 1.0 

street width varied between 4· 10 m. The strcetpattem 
was not regular. We werc unable to perfonn measure
ments at 953 MHz, due to several GSM base stations 
transmitting in the frequency band used by our 900 
MHz equipment. 

Urn_2A: Urban environment with 5·6 storcy buildings 
of concrete. Some 200 - 300 m high hills were located 
in the city surroundings. I ·2 km from the transmitter. 
The antenna was placed on the roof top of a 7 storey 
building in the middle of the city. giving paniaJ LOS 
conditions to the route. The maximum distance be
tween TX and RX was 700 m. The street width was 6-
15 m. The 1718 MHz parameters were slightly larger 
than the 953 MHz parameters . 
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Figure 4. Cumulative distributioo of delay spread. 
measurement Urb_2A. 

Two other TX sites were alsotest.ed with the Urb_2A 
route. Using one TX site the resulting parameters were 
about the same size as the parameters in measurement 
Urb_l. Using the othcr TX sitc !.he parameters werc 
more than twice as large as in measurement Urb_2A. 
With the fonner TX site the 953 MHz parameters 
seemed to be the larger. with the lattertherc was little 
difference between the two frequencies. 

IV.S General observations 

Generally intersymbol interference caused by multi
path propagation represents no severe problem when 

301 90 6DI~0 601 90 50DW~0 50DWgO 900W50 90DWgn 

0 . 50 0.50 1. 25 0 . 50 1. 25 1. 00 4.00 
0 . 75 0 . 50 1.50 0 . 50 1 15 1. 00 4.75 
2 . 0 1.0 3.0 1.0 3.0 3.0 11.5 
2 . 0 1.0 3 . 5 1.0 3 . 5 3 . 0 10 
13 5 13 7 16 " 35 
13 , 10 6 ,. 10 " 2 0 1.0 3.0 1 . 0 LO 3.5 10. 0 
3 . 0 2 . 0 5.0 2 0 .., 5.0 10.0 
13 • 10 , 13 15 " 11 , 19 , 13 13 ,. 
0 '" 0 . 375 1. 00 0 . 250 0.625 0 . 750 1. 625 
2 . 75 1. 25 4 . 25 1 . 25 3.25 3 . 50 5 . 75 
, . 0 1.5 5 . 5 LS • . 0 ' .5 7.0 

Table 2. Statistical results for all measu rements presented in this paper 
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there is line of sight, because the reflected signals are 
very much attenuated compared to the direct signal 
(typically 30-40 dB). However. with no line of sight. 
the power of the multipath components with very long 
excess delay can be comparable or even higher than 
the power of the f111>t arriving component. and multi
path profiles of length more than 100 JlS have been ob
served. 

Equal output power was used at the two frequencies. 
giving larger coverage area at 953 MHz due to larger 
effective receiver antenna area. Generally the received 
power was 10 dB higher at 953 MHz compared to 
1718 MHz. Hence many of the IRs recorded close to 
the cell border at 1718 MHz were rejected from the 
statistics calculations due to noise, whereas the corre
sponding IRs recorded at 953 MHz were regarded as 
valid measurements. This makes it difficult to do fair 
comparisons between the two frequencies. 

In cells where the coverage area was strictly limited by 
the surroundings (f. inst. a narrow vaHey), the reflected 
components were strong enough to be distinguished 
from the receiver noise. In such cases the multipath sit
uation seemed to be slightly worse at 1718 MHz. This 
is because the semi-direct path - the diffracted ray -
was of smaller magnitude at l718 than at 953 MHz. 

In more open terrain, many of the reflected camp<>
nents visible in the 953 MHz receiver were hidden in 
noise in the 1718 MHz receiver. Hence the tendency to 
slightly longer delay spread at 1718 MHz was not rec
ognized in such cells. 

In several measurements we found the worst multipath 
condjtions quite close to the transmitter. Thus there is 
not always a negative correlation between delay 
spread and received power. 

V. COMPARISON OF OBTAINED RESULTS 
WITH PREDICTED COVERAGE AREA 

Measured coverage area was also compared with cov
erage area predicted by a network planning tool in
tended for analogue mobile communication systems. 
The planning tool takes height and land cover data 
from topographic data bases into account when pre
dicting coverage. 

Some times the coverage was excellent in areas where 
the planning tool predicted no coverage at all. This was 
when no direct path existed, but reflected signa1s per
fectly well could be used for communicating. 

Otbertimes the planning tool predicted coverage in ar
eas where large delay spread obviously would cause 
severe problems for digital radio communication. This 
oecurs when there are strong reflections outside the 
equa1izerwindow in the receiver. Such reflections will 
be regarded as co-channel interference by the receiver. 

Most planning tools for mobile infrastructure are bas
ing coverage prediction only on field strength and in
terference level. but do not take reflections into ac
count when they predict coverage area. TItis is a severe 
Shortcoming for planning of network structure for dig
ital mobile communication systems. and leads to un
reliable coverage prediction. 

VI. CONCLUSIONS 

- When line of sight: Generally no problem with in
tersymbol interference caused by multipath in mac· 
roeeUs. because the direct component of the impulse 
response is much stronger than the reflected ones 
(typically 30-40 dB). 

- Measurements were conducted with equal TX power 
at 953 and 1718 MHz. and the multipath situation 
was found to be equal or slightly worse at 1718 MHz. 

- The Pan-European GSM-syslem. designed to cope 
with approximately 15 J.1S of multipath. w.ill work 
satisfactory in most environments. However there 
are places where long delays will fall outside the 
equalizer-window the receiver is able to cope with, 
hence being regarded as co-channel interference. 
which may cause serious problems to the communi
cation. 

- To find the coverage area of digital mobile commu
nication systems. multipath effects must be taken 
into account. And further: Carefully planning the 
base station sites may reduce the problems with mul
tipath considerably. thus increasing the coverage 
area. 

- Network planning tools developed for analogue mo
bile communication systems. basing coverage pre
diction only on field strength and interference level. 
do not give information about multipath effects. 
Hence they do not give reliable coverage prediction 
for digital mobile systems. 
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