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1. Introduction
Spatial channel models, [1], [2], are used for modelling MIMO scenarios since they include the necessary spatial and temporal characteristics of typical wide-band cellular channels.  These wide-band channels consist of paths (clusters) that are characterized by their narrow Angle Spread (AS) at a given Angle-of-Arrival (AoA) and delay.  The multiple paths lead to a frequency selective channel with delay spread and a non-uniform power azimuth spectrum (PAS). Both outdoor and indoor channels exhibit narrow angle spreads and non-uniform PAS [3].  
The simplest Spatial Channel is a Single Cluster Model typically with a narrow angle spread.  The implementation of a single cluster could refer to a narrow Power Azimuth Spread (PAS) and include delay spread, which is observed in many urban canyon or other scenarios.  The occurrence of a narrow PAS model is present in nearly all environments for some percentage of the time.  Furthermore, the single cluster is the more interesting case as very low or very high correlations do not represent good cases to evaluate multiple antenna MIMO performance [4].
This contribution looks at the use of a single cluster model and its potential benefits in a MIMO OTA implementation.  Further, measurements of the spatial correlation are shown. 

2. Single Cluster Model

SCM & SCME use a 35 degree cluster definition and Winner uses a range of values for different environment types.  Using a narrow angle spread cluster, which includes a multi-path power-delay-profile (PDP) is a useful model for an OTA anechoic chamber design.  
This model has the following benefits.

1.) Provides an angle spread that can produce a measurable Spatial Correlation for handsets or laptops.

2.) Produces a probe layout that allows for possible retrofits of existing SISO based OTA chambers.

3.) Enables 3-D antenna evaluations based on tilting the DuT.  (This is more convenient model for evaluating 3D patterns than multiple cluster models that require a circular probe layout.)

4.) Potentially reduces the level of reflections in an anechoic chamber since the probes are isolated on one end of the chamber.  

5.) Potential to reduce the number of probes compared to the full channel scenario.

6.) Since the power is concentrated into a single cluster, allows more sensitivity to antenna variations versus azimuth and elevation.

3. Single Cluster Design

Two different single cluster designs are shown in Figure 1.  These two designs are configured to provide a good match to the spatial correlation produced by the 20 sub-path Laplacian cluster model as specified in SCM, SCME, and Winner. 
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Figure 1  Single Cluster Probe Layouts
The number of probes required is related to the antenna separation at the DuT.  The cluster size is also adjusted to provide a measurable range of antenna correlation.  For the Handset model, a cluster with 4 probes is modelled with 
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.  For the Laptop case a cluster with 8 probes is modelled with 
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so that the correlation is in a useful range between about 0.3 and 0.9 over the range of device antenna separation.
The 8 Probe Single Cluster Model was implemented in an Anechoic Chamber at ETS Lindgren using Spirent Channel Emulators to produce a Faded OTA signal for analysis.  Measurements were taken using a 2 channel Vector Network Analyzer and the correlation between the faded signals on each antenna probe were calculated as described in the measured results shown in the following section.

3. Laptop DuT Scenario
Simulated and Measured results are shown below for a number of antenna configurations.  The figures on the left are simulated using ideal coupled dipoles as illustrated in Figure 2 for the case of D=0.5λ.  Figure 3 illustrates the measured pattern which was obtained for this case.  The antenna phase response is also slightly different for the measured pattern compared to ideal, although not shown.  Since the antenna patterns between predicted and measured are somewhat different, the measured results are plotted in the figures on the right and include a simulated response with the patterns used to measure the performance.  

Simulated Results for the 0.5λ antenna spacing are shown in Figure 4 with measured results in Figure 5 for the Laptop Scenario having the 8 probe configuration, which is shown in Figure 1.  Other spacings are shown below in the subsequent figures.
Both Ideal Omni Performance and Coupled Dipole Performance is shown in the design figures (left side); the latter is described in the legend as the “gain-phase” case.  The “20” represents an SCME cluster, which is modeled using 20 equal powered sinusoids having a Laplacian PAS for the given angle spread.  The “8” or “4” represents the number of Vertical probes used to produce the illustrated spatial correlation.  The antenna separation for the DuT is given in each figure.  As shown, each plot of Spatial Correlation is a close match to the ideal model represented by the SCME cluster.  

The measured results are shown along with the simulated result obtained when the measured antenna pattern is used.  The measured plots have a slightly different antenna spacing due to the quantizing of the test fixture, however this difference is < 5%, so it is ignored in this discussion.  

The effect of the antenna patterns is most evident in Figure 5, wherein the measured and simulated correlation is closer to the ideal dipole than it is to the coupled dipole in Figure 4.  This is probably due to the physical size of the dipole elements being different than the assumed thin wire model typically assumed in MoM simulations.
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Figure 2: Ideal Coupled Dipole from MoM Simulation
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Figure 3:  Measured Coupled Dipoles, D=0.5λ
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Figure 4 Design with Ideal Coupled Dipoles, D=0.5λ
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Figure 5 Measured vs Simulated with Real Antennas
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Figure 6: Design with Ideal Coupled Dipoles D=1.5λ
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Figure 7 Measured vs Simulated with Real Antennas
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Figure 8: Design with Ideal Coupled Dipoles D=2.5λ
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Figure 9 Measured vs Simulated with Real Antennas
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Figure 10: Design with Ideal Coupled Dipoles, D=3λ

[image: image13]
Figure 11 Measured vs Simulated with Real Antennas

Figure 5, Figure 7, Figure 9, and Figure 11, show that a range of DuT antenna spacing can be supported with very precise spatial correlation performance in these examples showing up to 3λ separation.  The measured results indicate that the spatial correlation produced inside the test volume is exactly as expected, and these results match the simulated performance when the given pattern characteristics of the test probes are included.  Further, these results are very close to the original design using ideal coupled dipoles.

 4. Handset DuT Scenario
For handset form factors, the single cluster design can be simplified to 4 probes while maintaining performance over the expected range of antenna spacings up to 0.5λ while producing a good match to the standard SCME style cluster model.  Note that other design assumptions could be used, but it is convenient to compare to this well known cluster definition.
An example of the 4 probe mapping for handsets is shown in Figure 12 and Figure 13 for a 2.0 GHz carrier frequency.  For optimum testing, a nominal cluster angle spread of AS=35º is selected for antenna separations of 0-0.5λ.  As shown, each plot of Spatial Correlation is a close match to the ideal model represented by the SCME cluster.  
Measurements are not available for the 4 probe handset configurations, but previous measurements using both 3 and 8 probes yielded the expected results.
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Figure 12  Handset Configuration, d=0.2λ
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Figure 13  Handset Configuration, d=0.5λ
6. Conclusions

1.) Measurements show that a faded signal with the expected spatial correlation can be accurately produced inside the test volume using the anechoic chamber method with channel emulators.
2.) A single cluster design is shown to support a wide range of DuT spacings with a good match to the characteristics of the SCME/Winner Cluster model.
a.) A Laptop configuration with 8 probes supports 0-3λ antenna separations (0.5-3λ measured results shown here).
b.) A Handset configuration with 4 probes supports 0-0.5λ antenna separations (0.2-0.5λ examples shown).

3.) Several practical benefits were discussed for this approach, including the potential for reduced complexity and cost.
7. References
[1] D.S. Baum, J. Salo, G. Del Galdo, M. Milojevic, P. Kyösti, and J. Hansen, “An Interim Channel Model for Beyond-3G Systems”, in Proc. IEEE Vehicular Technology Conference 2005 Spring, Stockholm, May 2005. 

[2] 3GPP TR 25.996, “Spatial channel model for Multiple Input Multiple Output (MIMO) simulations”, version 6.1.0, September, 2003

[3] 3GPP R4-094676, “Angular Propagation Characteristics of Indoor Environments”, Elektrobit, November, 2009

[4] 3GPP R4-094673, “Evaluating Channel Models for MIMO OTA”, Spirent Communications, November, 2009




































Page 2

[image: image16.emf]  0.5

  1

  1.5

  2

30

210

60

240

90

270

120

300

150

330

180

0

Omni with Antenna Coupling, Normalized Linear Scale, D=0.5



[image: image17.emf]0 50 100 150 200 250 300 350

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

AoA in degrees

|correlation coefficient|

8 Probe One Cluster at 0



  D = 1.5



 

 

Meas Mag

Meas Real

Meas Imag

Sim with Pattern

Sim w/Pat real

Sim w/Pat imag

[image: image18.emf]0 50 100 150 200 250 300 350

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

AoA in degrees

|correlation coefficient|

8 Probe One Cluster at 0



  D = 2.5



 

 

Meas Mag

Meas Real

Meas Imag

Sim with Pattern

Sim w/Pat real

Sim w/Pat imag

[image: image19.emf]0 50 100 150 200 250 300 350

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

AoA in degrees

|correlation coefficient|

8 Probe One Cluster at 0



  D = 3



 

 

Meas Mag

Meas Real

Meas Imag

Sim with Pattern

Sim w/Pat real

Sim w/Pat imag

[image: image20.emf]0 50 100 150 200 250 300 350

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

AoA in degrees

|correlation coefficient|

8 Probe One Cluster at 0



  D = 0.5



 

 

Meas Mag

Meas Real

Meas Imag

Sim with Pattern

Sim w/Pat real

Sim w/Pat imag

[image: image21.wmf]0

50

100

150

200

250

300

350

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Coupled Dipoles, Omni vs Pattern Correlation w/Gain & Phase, D = 0.5

l

AoA in degrees

|correlation coefficient|

 

 

AS = 25

°

AS from 8 pre-faded components = 25.0456

°

8 Probe One Cluster at 0

°

20-Omni

8-Omni

20-gain-phase

8-gain-phase

[image: image22.wmf]0

50

100

150

200

250

300

350

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Coupled Dipoles, Omni vs Pattern Correlation w/Gain & Phase, D = 1.5

l

AoA in degrees

|correlation coefficient|

 

 

AS = 25

°

AS from 8 pre-faded components = 25.0456

°

8 Probe One Cluster at 0

°

20-Omni

8-Omni

20-gain-phase

8-gain-phase

[image: image23.wmf]0

50

100

150

200

250

300

350

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Coupled Dipoles, Omni vs Pattern Correlation w/Gain & Phase, D = 2.5

l

AoA in degrees

|correlation coefficient|

 

 

AS = 25

°

AS from 8 pre-faded components = 25.0456

°

8 Probe One Cluster at 0

°

20-Omni

8-Omni

20-gain-phase

8-gain-phase

[image: image24.wmf]0

50

100

150

200

250

300

350

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Coupled Dipoles, Omni vs Pattern Correlation w/Gain & Phase, D = 3

l

AoA in degrees

|correlation coefficient|

 

 

AS = 25

°

AS from 8 pre-faded components = 25.0456

°

8 Probe One Cluster at 0

°

20-Omni

8-Omni

20-gain-phase

8-gain-phase

_1327299960.unknown

_1327837769.doc

[image: image1]

Handset



DUT







Laptop



DUT







0-0.5λ Antenna Separation







0-3λ Antenna Separation







4 Probe Single Cluster







8 Probe Single Cluster












_1319237813.unknown

