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« MIMO multiplies the number of ourna
required antennas, 2x, 4x... eMASTERS

. . orMIMO
* Multi-band phones multiply the Lrh, gl

number of antennas
* Devices sizes are shrinking

* And yet there are no MIMO test
methods or performance targets
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CTIA, COST273 and RAN WG4 developed test methods and
performance requirements for SISO

The work on SISO OTA took many years to finalize. The figures
of merit are:

TRP - Total Radiated Power
TIS — Total Isotropic Sensitivity (TRS)

CTIA, COST2100 and 3GPP RAN WG4 are now investigating
methods for testing the radiated performance of MIMO devices

MIMO performance is much more complicated than SISO!
It is a function of the complex antenna patterns, the propagation
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Many test methodologies have been proposed for the study item
They can be grouped into three main methods:

1. Multi-antenna anechoic chamber methods

« Configurations vary from simple two antenna up to as many as 16 dual
polarized antennas

2. Reverberation chamber methods

 These vary from simple single chamber to more complex multi-chamber
with or without the addition of a fading emulator

3. Antenna pattern method and two-stage method

 Antenna-only methods and the more advanced two-stage method
involving throughput measurement



Fading Channels = (2 x 8)
=16 channels

Requires precise system calibration

Many probes (167?) in full circle required for arbitrary channel emulation
Full circle requires large chamber (single cluster is smaller)

Full 3D channel emulation is a challenge, partial 3D may be possible
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BS Emulator

The basic power delay profile (PDP) is modified using absorbers
Adding a channel emulator can further modify the PDP
Chambers can also be cascaded to create directional content

Limited ability to generate standard channel profiles



BS Emulator Measured
Gri(9)
Rx
Stage 1
Antenna pattern
measurement
Measured
pattern
Stage 2
Throughput
measurement
A Or modeled
: pattern
e
o N

« Does not currently measure self-blocking
PAS. (g) G, (q) PAS,.(9) * Requires UE test mode for non-intrusive



 MIMO OTA Antenna Measurements

Doug Reed, Solutions Architect, Spirent
Communications

» Radio Channel Aspects
Jukka-Pekka Nuutinen, Research Manager, Elektrobit

* Multi-path Environment Simulator
Michael Foegelle, Dir. Of Technology, ETS-Lindgren

 OTA Test Challenges and the Two-stage
Methodology

Moray Rumney, Lead Technologist, Agilent

» 30 minute panel discussion with Q&A from live
and wehcast alidience memhers
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Channel Quality indicates adequate SNR

Full-rank channels indicate the potential for MIMO gain






%

("




11#

1#

& 2

Power Delay Profile Fading Envelope
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Power Delay Profile Fading Envelope
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Mean AoA Cluster Model




Per-path Angle Spread

er-path Angle Spread
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2x2 MIMO, Awerage Capacity for a One Path Flat Ch

on Throughput
(2x2 Example)

> Effect of Correlation
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This implies an omni-directional pattern for a handset
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This implies a non-problematic phase response
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DCS FICA, Freq = 1805 MHz

1

Horizontal Antenna , Linear Scale for: Case# 59

Vertical Antenna , Linear Scale for: Case# 59, DCS FICA, Freq = 1805 MHz

1805 MHz

Horizontal Antenna Phase for: Case# 59, DCS FICA, Freq

1805 MHz

Vertical Antenna Phase for: Case# 59, DCS FICA, Freq
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N transmit probes to produce a
spatial channel for MIMO testing

1#

Dual polarization, i.e. X, \/, +, | |, etc.
Channel XPR, (e.g.V H,H V)

N multi-path components

Cluster AoD, AoA, Angle Spread

Base antenna separation

Doppler

Spatial interference

(Absorbers & cabling not shown) Adaptive DuT antennas
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Per-path Angle Spread

er-path Angle Spread
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Composite

Angle Spread

Composite
Angle Spread

Local Scattering




Sub-Path Power
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Laplacian Angle Spread, s = 2 degrees
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5 Laplacian Angle Spread, s = 35 degrees
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8 Probe One Cluster at 0° D
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8 Probe One Cluster at 0° D
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Anechoic Chamber method
More advanced, offers more control of the spatial field
More Information about the Device Performance

Reverb Chamber
Simplest measure of “composite” antenna behaviors
Reverb Chamber + Channel Emulator
Some parameters can be matched to standard values
Each method has merit in determining a good from a bad device

These techniques are in-use by industry leaders and ready for
evaluation now

Standards will take more time to converge on specifics



4K L



