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1. SUMMARY 

There are a number of open issues for multi-antenna spatial propagation modeling: 
 

• Antenna correlations as measured in the field have a wide variation due to narrow 
arrival angle spread of sub-rays, 

• Subscriber antenna patterns are not omni-directional and may need to include further 
study of polarization and interaction with the user. 

2. ANGLE SPREAD 

An analysis was performed on the wideband MIMO field measurements [1] collected in a 
light urban environment (downtown area).  The East drive route with the portable data 
assistant (PDA) hand-in-front configuration was considered. The UE antennas were 
configured with a one λ separation, and placed inside the vehicle next to a phantom. The drive 
route was broken into 20-foot segments.  For the first part of the analysis, only the cases with 
significant resolvable multipaths were used.   
 
Figure 1 shows the cumulative distribution function (CDF) of the antenna correlation 
coefficients for the first two strongest multipaths.  Individual correlation coefficient values 
were computed by averaging over a single qualifying drive route segment. This data indicates 
the correlation values for both rays come from a common statistical population characterized 
by substantial variation. This variability has also been observed and reported by Qualcomm 
[2].   
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Figure 1.  CDF of antenna correlation coefficients for two strongest multipaths 
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Figure 2 conveys the joint distribution of antenna correlation coefficients for the two strongest 
multipath rays.  The magnitude and phase are graphed separately.  These plots indicate the 
correlation coefficients of  multipath rays are independent, a finding also supported by the 
Qualcomm [2] measurements. Figure 2 shows that the magnitude and phase of complex 
correlations are independent. 
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Figure 2.  Antenna correlation coefficients for two strongest multipath rays 

2.1 Analysis of measured data at the UE. 

In order to model the correlation variability seen in these measurements, a model was 
developed with various angle spreads.  Figure 3 shows the correlation distribution for various 
angle spreads. Correlations were calculated over sets of 40 λ intervals.  Each interval assumed 
a randomized set of 100 sub-rays distributed using a Gaussian angle distribution, and having a 
random average angle of arrival. These are compared to the distribution of correlation of the 
filed measured data (blue). 
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Figure 3. Red: CDFs of angle spread with σ = 10, 20, 30, 40, 50, 60… degrees. Blue: is the 
measured data. 

Linear combination of various angle spreads CDFs were compared to the measured 
correlation distribution. Figure 4 shows the CDF of the combination that best matched the 
measured data. Two instances of angle spread CDF are linearly combined as shown in Table 
1.
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Figure 4. Match of the measured correlation CDF at the UE to a linear combination of two 
simulated CDFs. 
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Table 1. Angle Spread distributions from measured data for 1-path, and multi-path 
conditions, sorted into 1-ray and 2-ray based on a 10dB threshold. 

Channel Type Angle Spread 1 Angle Spread 2 

Single Dominant Ray 68%  σ=30O AS 32%  σ=60O AS 

2 Dominant Rays - 1st Ray 40%  σ=30O AS 60% σ=104O AS 

2 Dominant Rays – 2nd Ray 47%  σ=20O AS 53% σ=104O AS 

 

As can be seen significant amounts of narrow angle spreads per ray occurred in our field 
measured data. 

3. SUBSCRIBER ANTENNAS 

Realistic antennas will impact the performance of MIMO, and thus, must be considered to 
properly evaluate the technology.  A MIMO algorithm, optimized for ideal ULA antennas, is 
likely to degrade with practical antenna patterns.  This is especially true for narrow angle of 
arrival spreads of signal and interference that are observed at the UE. 

There are many constraints that influence the UE design, and the resulting antenna patterns. 
Pattern shapes for antennas mounted on devices are far from ideal as shown in Figure 5 
below.   These diagrams describe imbalances in average gain, and spatial gain variations at 
every azimuth.  This will impact the performance of  a MIMO system particularly when 
narrow angle spreads and interference are considered.  The result of realistic pattern shapes at 
the UE will produce signal variations for different paths, creating  power imbalances between 
streams.  This has been shown to have significant impacts on MIMO performance when the 
imbalances range from 2-8dB [3].  As seen in Figure 5 [4], there are significant azimuthal 
portions of the two pattern shapes that have more than 6-8 dB of variation. 

 

Figure 5.  Electric Field Patterns for practical subscriber antennas.  Solid line is for feed 1 
(monopole), and broken line is for feed 2 (slot).  a) is Eθ, and b) is Eφ. 
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Due to the inability to achieve λ/2 spacing on small handsets, polarization is necessary for 
implementation of dual antenna configurations.  Although the MIMO performance was shown 
to only be negligibly reduced (7%)  due to increased correlation in [5], this  is not the only 
issue for polarized antennas.  Since the localized power in each polarization varies from 
location to location, as determined by the Cross Polarization Discrimination, there is a gain 
imbalance between polarized antennas. This gain imbalance will further negatively impact 
MIMO performance.  This requires further study to quantify the impact. 

4. CONCLUSIONS  

Field measured UE antenna correlations have a wide variation caused by narrow angle of 
arrival spread. These are not currently modeled by a uniform angle of arrival model in [5]. 
 
Subscriber antenna patterns are not omni which does not match the current model [5]. Also  
further study of the effects of polarization and the interactions with the user may need to be 
included. 
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