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Summary:

Recent angle spread measurements using roof mounted antennas in an urban environment show low (35( to 47( median) angle spreads.  The measurements show that the correlation statistics produced by models of angle distribution based on Cauchy density functions are significantly better matches to measured correlation behavior than uniform, Gaussian, and Laplacian functions.   While these results seem to well characterize the average behavior of the strongest ray, open issues (including multipath and in vehicle behavior) remain.

Measurements:

We report urban angle spread measurements using the measurement system of [1].  The measurements were taken with the mobile and base located in an urban environment (downtown Fort Worth, Texas, USA).  Photographs of the cell site location and the sector in which the measurements were taken are shown in Figures 1 and 2, respectively.  We examined measurements of roof top mounted dipole measurements, as these should be impacted the least by implementation specific effects (body effects, in vehicle scattering, coupling due to close antenna proximities).  In these experiments, 4 antennas were mounted in a uniform linear array (with 0.38 wavelength spacing) near the center of the test van roof.    

Power azimuth spectra (PAS) may be computed using aperture techniques [2,3], using measurements of a moving antenna to form a synthetic antenna array.  Due to the high channel impulse response sampling rates (1600 Hz) of the measurement system we can use the GPS data to form synthetic apertures with element spacings well below the half wavelength or so required for unambiguous PAS estimation.  

We computed the PAS of the time delay with the greatest average power over an observation interval of multiple (>10) wavelengths. The PAS were computed at various points throughout the drive route, and the mean direction of arrival (DOA) and angle spread were computed for each PAS
.  The test site has two sectors pointing roughly East and South.  Cumulative distribution functions (CDFs) of the angle spread corresponding to the two sectors are shown in Figure 3. 

We observe that the median angle spreads are relatively small (consistent with the observations of [5]).  Median angle spreads are around 35( and 47( for the East and South sectors, respectively.  The angle spreads vary from approximately 13( to 75( from the 10% to the 90% CDF points.

It is also important to characterize the angle spread distribution: different distributions with the same angle spread can provide significantly different behavior.  We used the angle spread and DOA values computed above to test various angle spread distribution models.  We considered 4 models: Uniform, Gaussian, Laplacian, and Cauchy.  In each of these models, the sub-rays have equal power, but they arrive at angles that have a probability distribution set to one of the 4 test cases.

We tested the 4 angle spread distribution models by simulating rays arriving at our synthetic aperture, and computing correlation values that occur for the measured DOA and angle spread.  CDFs of simulated correlation are computed and compared against the measured correlation CDFs.  The measured correlation values were computed over 40 wavelength intervals using the method of [6].  We compare the measured and simulated correlation CDFs for adjacent (the two center) elements of the antenna array in the Figures 4 and 5.

We observe that there is a significant difference in the ability of the various channel models to match the observed correlation.  The Cauchy model seems to be the best match, predicting correlation values fairly closely over the entire range of correlation observed.  The Laplacian and Gaussian curves produce similar estimates of correlation, and both consistently underestimate measured correlation over most of the range observed.  They better match the lower values of correlation.  The uniform model least accurately predicts correlation.  The higher values of correlation are of particular interest since these impact MIMO performance the most.  The Laplacian, Gaussian, and Uniform models’ predicted correlations converge somewhere around 0.75 correlation,  but are still significantly different than the Cauchy and measured curves.

We should provide a number of caveats with these observations:

· The measurements only consider the strongest path (delay bin).  Weaker paths could have different angle spreads and DOAs, as well as different distributions.

· We only report results from vehicle roof top measurements.  The results are applicable when the antennas are in an open environment (pedestrian cases, or vehicular mounted antennas).  The behavior of antennas inside a vehicle could be significantly different.

· We consider average behavior over multiple positions across a drive route.  The results show that the correlation values match the model on the ensemble, but the match of individual positions to a given distribution can vary.

Conclusion:

Measurements of angle spread at the UE in an urban environment with roof mounted antennas show that:

· Low angle spreads are relatively common.  Median spreads of 35( and 47( were observed.

· It is important to determine both the angle spread and the angle distribution model.  We observed close fits for Cauchy angle distributions, but significantly poorer matches for uniform, Gaussian, and Laplacian distributions.

We comment that further study is required.  In particular, variations due to multipath and propagation behavior inside a vehicle have yet to be addressed.

References:

[1]
Motorola. “MIMO Propagation Measurement System,” TSG-R1 document, TSGR#20(01)0652, 21-25, May, 2001, Busan, Korea

[2]
U. Martin, “Spatio-Temporal radio channel characterizations in urban microcells”, IEE Proc.-Radar, Sonar Navig, Vol. 145, No. 1, pp 42-48

[3]
A. Kuchar et. al, “Directional Macro-Cell Channel Characterization from Urban Measurements”, IEEE Trans. Antennas and Propagation, Vol. 48, No. 2, February 2000, pp. 137-146 

[4]
D. Parsons, The Mobile Radio Propagation Channel, John Wiley & Sons, New York, 1992, p. 184

[5]
Motorola. “Propagation Modeling for Multi-Antenna Simulations,” TSG-R1 document, TSGR#23(01)1221, Jeju, Korea, November 19-23, 2001 

[6]
Motorola. “Correlation Measurements: Variability, Wide Band and Narrow Band Effects,” TSG-R1 document, TSGR#21(01)0919, Turin, Italy, August 27-31 2001

[image: image1.wmf](

)

(

)

q

q

q

q

s

p

p

d

PAS

ò

-

-

=

2

2

[image: image2.wmf]2

s

[image: image3.wmf]q

[image: image4.wmf]q


[image: image5.wmf](

)

q

PAS

[image: image6.wmf]2

q



[image: image7.wmf](

)

(

)

q

q

s

q

PAS

Ä

=

2

2

min


[image: image8.wmf]Ä

[image: image9.wmf]q

[image: image10.wmf]q

































































Figure 5. South Sector Modeled and Measured Correlation CDFs





Figure 4. East Sector Modeled and Measured Correlation CDFs





Figure 3. CDFs of Angle Spread for East and South Facing Sectors





Figure 1





Figure 2

















� Angle spreads were computed in a slightly different way than spreads typically are.  Spread is defined as [4]: � EMBED Equation.3  ���, (where � EMBED Equation.3  ���is the spread squared, � EMBED Equation.3  ���is the DOA, and � EMBED Equation.3  ���is the mean DOA).  We observe that spread can be computed as a convolution of � EMBED Equation.3  ��� and � EMBED Equation.3  ���.  Since the mean DOA should be the one that minimizes spread, we compute angle spread as � EMBED Equation.3  ���, where� EMBED Equation.3  ��� indicates circular convolution.  We then select � EMBED Equation.3  ��� as the minimizing � EMBED Equation.3  ���. Since direction of arrival wraps around at +/- 180(, this definition of spread prevents artificial inflation of spread for PAS’s where most energy is near +/-180(.  
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