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Abstract 
 

This paper evaluates MIMO radio channel measurements 

at 3.8 GHz, conducted in various urban microcell 

environments in Louvain-la-Neuve. Large-scale 

parameters, such as shadow fading, delay and angular 

spreads, are extracted and compared with values provided 

by existing models (COST 273, COST 2100 and 3GPP-

3D).  

 

1. Introduction 
 

The unprecedented growth of mobile data traffic will lead 

to significant modifications in the architecture of wireless 

networks. The optimal design and implementation of future 

radio technologies require accurate channel models that 

reproduce the true behavior of radio channels in many use 

cases. However, existing advanced models, such as 

WINNER and the COST family of models [1-3], still lack 

several features such 3-D propagation, as well as parameter 

tables for many interesting scenarios. In addition, the 

validation of such models against measurements in relevant 

scenarios is often an open issue. As part of the effort to 

parametrize and validate the COST 2100/IC1004 model, 

this paper analyzes the properties of large-scale parameters 

(LSPs), such as shadow fading, delay and angular spreads, 

in two microcell scenarios, and compares the obtained 

values with those provided by the aforementioned standard 

models. The paper is organized as follows: Section 2 is 

dedicated to the measurement campaign, while Section 3 

details the LSP analysis, including their cross-correlation 

properties.  

 

2. Experimental Campaign 
 

2.1 Measurement Scenarios 
 

Two 8  8 MIMO measurement runs were performed in a 

microcell-lie environment in the city of Louvain-la-Neuve. 

The base station (BS) was located atop a high building, at 

a height of 18 m and consisted in a 4 dual-polarized planar 

array with orthogonal slanted polarizations and a 3-dB 

beamwidth of 95°. At the mobile terminal (MT), a uniform 

circular array of 8 vertically polarized dipoles was used. 

All dipoles were spaces by approximately 4 cm. The 

antenna array was placed on a moving trolley at a height of 

2 m. 

 

In the first scenario (denoted as “Parking”, or simply P), 

the MT was moved on the parking lot, consisting in a large 

open space area with some cars and trees on its perimeter. 

Most of the route was in line-of-sight (LOS) with respect 

to the BS, with occasional obstructed LOS (OLOS) caused 

by trees. In the second measurement campaign (denoted as 

“Sainte-Barbe”, or SB), the MT was moved long streets 

between various buildings with 4-5 floors, resulting in 

heavy non-LOS (NLOS) conditions for some parts of the 

route. Figure 1 illustrates both routes as obtained from GPS 

data. The route lengths are approximatively 170 and 230 

meters for the parking and Sainte-Barbe, respectively. The 

distance from the BS to the MS never exceeded 300 meters. 

Figure 1. Measurement routes and BS location. 

2.1 Channel Sounder Setup 
 

The UCL-ULB Elektrobit channel sounder was used in a 

MIMO 8  8 configuration. The sounder is based on the 

switched array principle and the parameters chosen for the 

experimental campaigns are given in Table 1. The cycle 

rate corresponds to the acquisition time of one MIMO 

matrix.  

 

In the post-processing step, all MIMO channels were 

converted to double-directional channel impulse responses 

(CIRs), based on the SAGE algorithm. For each route, a 

maximum of 30 paths were resolved; each path was 

characterized by its delay, azimuth at the BS, azimuth and 

elevation at the MT and polarized scattering matrix.  



Table 1. Measurement setup 

Parameter  Value 

Center frequency 3.8 GHz 

Bandwidth  200 MHz 

Samples per chip 4 

Cycle rate  30.2 Hz 

Transmit Power  23 dBm 

Code length  5.11 s 

 

3. Estimation of Large-Scale Parameters 
 

3.1 Path-Los and Shadow Fading 
 

A sliding window equal to 40 wavelengths was used to 

separate the average received power and from the small-

scale fading. The path-loss exponents were estimated as 2.2 

and 3.9 for both P and SB scenarios, respectively: these 

values match well with the LOS and NLOS conditions 

observed for both environments. The shadow fading 

component was found to be lognormal with a standard 

deviation of 1.31 dB in the parking area and 3.37/0.59 dB 

in the SB scenario in NLOS/LOS respectively. 

 

3.2 Delay- and Direction-Spreads 
 

The delay-spread is estimated from both the full power-

delay profiles, and those reconstructed based on the 

resolved paths. Results are given in Table 2. For both 

scenarios, the measured values are quite close the values of 

36 and 76 ns predicted by WINNER II B1 model, 

respectively for LOS and NLOS scenarios. However, by 

contrast to this model, the delay-spread is only weakly 

correlated with the shadow fading. 

 

Table 2. Mean (standard deviation) of RMS delay-spreads, 

[ns] 

 SAGE CIR  Full CIR 

Parking 36 (16) 78 (19) 

SB - LOS 51 (37) 83 (58) 

SB - NLOS 54 (39) 96 (35) 

 

Direction-spreads are estimated from the SAGE resolved 

paths, and their statistics are given in Table 3 for azimuth-

spreads (AS) at both sides and elevation-spread (ES) at MT 

only. The average values at each location are also 

illustrated in Figure 2 for the BS azimuth spread.   

 

Table 3. Mean (standard deviation) of angle-spreads, 

[degrees] 

 AS at BS  AS at MT ES at MT 

Parking 13 (6) 38 (11) 31 (9) 

SB - LOS 24 (10) 35 (13) 32 (11) 

SB - NLOS 25 (11) 41 (12) 31 (10) 

When compared with standardized models, one can 

observe that the BS azimuth-spread for the NLOS SB 

scenario agrees perfectly with the prediction of 3GPP UMi 

model. For the LOS SB case, there is a large difference 

between our result and both 3GPP (16°) and WINNER II 

B1 model (2.5°), but this might be caused by the fact that 

some LOS locations are actually OLOS. Looking at the 

azimuth-spread at the MT side, the results obtained from 

measurements are much closer to the WINNER II B1 

model than to the 3GPP UMi case. We also found a 

correlation around 0.45 between AS and ES at the MT, 

unlike 3GPP UMi, which recommend only 0.2. In all cases, 

the correlation between all angle-spreads was always 

below 0.5. 

 

 
Figure 2. BS azimuth-spread for both routes. 

 

Finally, by contrast to both 3GPP and WINNER II models, 

as well as results in [4], we did not find any strong 

correlation between delay- and directional-spreads. 

However, this was also observed in [5].  
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