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Introduction

There have been several measurement campaigns undertaken by member companies of 3GPP that provide spatial channel measurements.  This document analyzes the results of the published results and recommends parameters for the spatial channel model that are consistent with the measurements.  In addition, recommendations for Rician K factor and the angle of arrival at the Node B are given.

Summary of Three Measurement Campaigns 

Measurement campaigns were undertaken several 3GPP companies to measure antenna correlations for wideband systems operating in the 2 GHz band.  These studies were performed by Lucent [1], Motorola [2,3] and Qualcomm [4].  Lucent’s measurements were made using a 1.2 Mbps BPSK system in Whippany, New Jersey (suburban) and Newark, New Jersey (urban) environments at 1.9 and 1.98 GHz in each location.  Motorola made measurements in an urban environment in downtown Fort Worth, Texas using a 3.84 MHz bandwidth.  Note that the UE measurements with 6  spacing were performed by mounting antennas on the top of a van.  Qualcomm performed measurements in Lowell, Massachusetts, which is a light urban/suburban area, and in Worcester, Massachusetts, which is a hilly, light urban area.  Lucent measured the correlation between antennas for the first arriving multipath.  Motorola measured the correlation between antennas for the two strongest multipaths.  Qualcomm measured the correlation between antennas for both the main path and a second path.  Table 1 gives a summary of the antenna spacings at the Node B and UE and the median correlation observed.

Table 1.  Summary of median correlation values for Node B and UE antennas.

Company
Location
Environment
Spacing (Node B)
Spacing (UE)
Median corr (Node B)
Median corr (UE)

Lucent
Whippany, NJ
Suburban
3.25 

0.68


Lucent
Newark, NJ
Urban
3.25 

0.66


Motorola
Fort Worth, TX
Urban

6 

0.46

Motorola
Fort Worth, TX
Urban
25 
1 
0.44 (1st path) 0.44 (2nd path)
0.35 (1st path) 0.34 (2nd path)

Qualcomm
Lowell, MA
Light urban /suburban
40 
1 
0.56 (1st path) 0.71 (2nd path)
0.33 (1st path) 0.3 (2nd path)

Qualcomm
Worcester, MA
Hilly, light urban
40 
1 
0.35 (1st path) 0.57 (2nd path)
0.48 (1st path) 0.4 (2nd path)

Relation Between Angle Spread and Antenna Correlation
The rms angle spread s is the second moment of the power azimuth spectrum [5].  For a discrete power azimuth spectrum, the rms angle spread can be calculated using the following equation:
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and p(k) is the power of the kth ray arriving at angle k. When the power azimuth spectrum is not discrete the summations can be replaced with integrals.

From [6], the following equations are assumed.  The Laplacian angular distribution of the power arriving for a particular path is given by
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The correlation between two antennas separated by distance r is given by
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Note that the rms angle spread measures the total angle spread for all the paths that arrive at the receiver.  This can cause a large angle spread to be measured even if the angle spread per path is small.  This concept is illustrated in Figure 1.  For example, take the case where there are two equal power paths arriving at the receiver, with one path having an angle of arrival of -5 degrees at time 0 and the other path having an angle of arrival of 5 degrees with a time delay of 2 chips.  The rms angle spread for both paths 1 and 2 could both be 1 degree, but the total rms angle spread would be greater than 5 degrees.  For this reason, using the above equations to calculate correlations can give different results from the actual measured correlations. 
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Figure 1.  Illustration of how the total rms angle spread is different from the rms angle spread per path.
Implied Angle Spreads from Correlation Measurements

Since there are several studies available in which the antenna correlations were measured, we can calculate the rms angle spreads that are necessary to produce these correlations.  This was done by taking the median values of correlation at the Node B and UE and then calculating the rms angle spread necessary to produce these correlation values.  At the Node B it was assumed that the angle of arrival was uniformly distributed over one sector (-60 to 60 degrees).  A geometric plot of the drive routes was not available, but if the drive routes were confined to areas closer to 0 degrees, then even smaller rms angle spreads would be needed to produce the measured correlations.  At the UE it was assumed that the angle of arrival was uniformly distributed over 360 degrees.  The correlation distributions were calculated with different rms angle spreads, and the median values were found.  The implied rms angle spreads for each of the measurement campaigns is given in Table 2.

Table 2.  Implied rms angle spreads derived from measurement data.

Company
Location
Spacing (Node B)
Spacing (UE)
Median corr (Node B)
Angle spread (Node B)
Median corr (UE)
Angle spread (UE)

Lucent
Whippany, NJ
3.25 

0.68
3.2 deg



Lucent
Newark, NJ
3.25 

0.66
3.3 deg



Motorola
Fort Worth, TX

6 


0.46
3.3 deg

Motorola
Fort Worth, TX
25 
1 
0.44 (1st path) 0.44 (2nd path)
0.65 deg 0.65 deg
0.35 (1st path) 0.34 (2nd path)
34 deg 36 deg

Qualcomm
Lowell, MA
40 
1 
0.56 (1st path) 0.71 (2nd path)
0.32deg 0.25 deg
0.33 (1st path) 0.3 (2nd path)
38 deg 45 deg

Qualcomm
Worcester, MA
40 
1 
0.35 (1st path) 0.57 (2nd path)
0.5 deg 0.31 deg
0.48 (1st path) 0.4 (2nd path)
28 deg 22 deg

The implied rms angle spread values calculated from the measurement data are in the range of 0.25 to 3.3 degrees at the Node B.  The implied rms angle spreads at the Node B are consistent with the values given in the Lucent contribution from May 2001 [8], which gives rms angle spreads per path of 2 degrees for the Vehicular A and Pedestrian A channels.  They are also consistent with the COST 259 study [9, page 185], which gives a 2-degree angle spread per cluster. We believe that when developing a correlation model that it is better to match the correlations to the measured data rather than theoretically computing correlations based on measured angle spreads.

Thus, we recommend that the rms angle spread be modelled to be 2 degrees at the Node B.

For the UE, the implied rms angle spreads are in the range of 3.3 to 45 degrees.  The measurements clearly do not support the assumption of an angle spread that is uniform throughout 360 degrees.  The set of Fort Worth measurements with 6  spacing were made using an antenna mounted on top of a van.  This may not be a typical deployment scenario, and all the other measurements imply angle spreads in the range of 22 to 45 degrees.  The average of these 6 implied angle spreads is 34 degrees and the median is 35 degrees, so an rms angle spread of 35 degrees at the UE seems reasonable.

We recommend that the rms angle spread be modelled to be 35 degrees at the UE.

Angle of Arrival at the Node B for the Microcell Case

The angle of arrival for at the Node B for the microcell/bad urban case is proposed to be modelled in [10] as being at a different fixed angle for each path. These angles of arrival are graphically presented in Figure 2.  The x-axis is the absolute value of the angle of arrival.  The absolute value was chosen since the correlation values will increase as the absolute value of the angle of arrival is increased.  Using geometric arguments, the distribution of the absolute value of the angle of arrival should be uniformly distributed from 0 to 60 degrees, which is represented by the horizontal blue line in Figure 2.  The y-axis shows the power of each of the paths.  It can be seen that the proposed angles of arrival are skewed toward the left side of the graph, which represents lower correlations.

In order to produce a set of angles of arrival that represents the correlations that will be observed in practice, a set of angles of arrival has been produced which has a center of mass centered about the 30 degree point.  These angles are {20, 40, 26, 45, 35, 14} degrees.  The average of these angles is 30 degrees, and the weighted average (weighted by each path power) is also 30 degrees. 

We recommend that the model for the microcell case have angles of arrival of 20, 40, 26, 45, 35 and 14 degrees for paths 1 to 6, respectively.
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Figure 2.  Angles of arrival for the microcell case proposed in [10].

Model for Rician Channels

In the COST 259 study [9, page 98], measurements were taken to determine the Rician K-factor at 1.88 GHz with a 5 MHz bandwidth.  These measurements found the Rician K-factor to be 8 dB.  In order to test the MIMO proposals on pure Rician channels, it makes sense to simulate a single-path Rician channel.  On the other hand if the model introduces Rician behaviour on a single path of a multi-path Rayleigh fading channel, then the Rician behavior could be masked by the other Rayleigh-fading paths.

We recommend that a simulation case be added for a single-path Rician channel with a K-factor of 8 dB.
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