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1. Summary
Reverberation chambers represent a radiated test approach with relatively low complexity and, consequently, are often attractive to industry as free-field test environments. NIST tries to promote a diversity of test methods that offer industrial users accuracy, flexibility, and the opportunity to increase competiveness.  NIST research has shown that reverberation-chamber measurements have the ability to accurately characterize MIMO antenna correlation and estimated channel capacity. Other research groups have shown that the reverberation chamber can be used to measure MIMO gain and absolute throughput. The reverberation chamber creates a high-multipath, dynamically changing environment that exposes a wireless device under test to multiple angles of arrival. These channel conditions are similar to those encountered by current wireless users, who increasingly use their devices at multiple physical orientations and in indoor environments. The reverberation chamber facilitates testing of wireless devices in this use case. For the above reasons, inclusion of reverberation-chamber testing procedures for MIMO devices in the OTA test plan seems warranted. Co-signing companies support this NIST statement.

2. Background
NIST involvement in CTIA OTA test: NIST's mission is to promote U.S. innovation and industrial competitiveness by advancing measurement science, standards, and technology in ways that enhance economic security and improve our quality of life. NIST engineers often serve as technical experts on standards committees where they support the development of technically sound measurement methods and related uncertainties. 

Researchers at NIST have expertise in both reverberation-chamber and anechoic-chamber measurement techniques. As an example, in April 2013 NIST antenna experts attended the European Conference on Antennas and Propagation (EuCAP) and discussed methods to decrease uncertainties for mobile antenna measurements made in anechoic-chamber environments. 

Since 2008, NIST metrologists have been working with the CTIA in the development of reverberation-chamber-based OTA tests of wireless devices. During this period, much of the NIST work has focused on reverberation-chamber techniques and calibrations for TRP and TIS measurements. Recent work has focused on the uncertainties involved with these measurements, especially for large-form-factor machine-to-machine devices. 

MIMO System Test in Reverberation Chambers: A good deal of work was conducted by NIST researchers in 2010 and 2011 on MIMO antenna testing. This work has been disseminated to the MOSG. For example, work presented in in [1] described simulation studies that compared channel capacity when the CTIA reference antennas were used in 2D and 3D “isotropic” environments. The 2D environments represented a boundary array set-up and the 3D environments represented a reverberation chamber set-up. These studies showed that capacity CDFs from 2-D and 3-D isotropic environments are not identical but are very similar. From the capacity CDFs, reference MIMO antennas were ranked identically in both the 2-D and 3-D isotropic environments.
In [2, 3], simulations showed a small offset in capacity curves for 2D and 3D uniform environments, as shown in the figure below. In these contributions, it was concluded that throughput statistics for a DUT in 2D and 3D statistically isotropic environments are expected to be within 10% of each other. This suggests that, with properly designed test procedures, over-the-air tests of multiantenna wireless terminals in multiprobe anechoic and reverberation chambers should be comparable for a wide range of devices.

[image: image1.emf]
Figure 1: Combined capacity CDFs with orientation scanning and 10 dB SNR (from [2]). 
NIST researchers anticipate that work presented in [4] could be extended to the case of MIMO OTA testing to model the expected offset between the 2D anechoic-chamber techniques and the 3D reverberation-chamber techniques. Based on NIST work such as that described above and the work of other groups, NIST researchers have concluded that reverberation-chamber techniques may be used to accurately evaluate key performance metrics used in MIMO OTA testing.
New use-case scenario: Recent discussions by MIMO OTA experts in CTIA and 3GPP meetings has called into question the realism of the “uniform channel” presented by the reverberation chamber. The presence of multipath components arriving from multiple, random angles is supported by use cases involving smart phones and similar devices in indoor and outdoor-to-indoor environments.

A Dec. 2012 release by the U.S. Centers for Disease Control [5] states that approximately 34% of all U.S. households have a wireless telephone only. Many indoor cell-phone repeaters are mounted on ceilings, and signals are often received between floors. A handoff between cell phones in these small, local cells will likely involve signals from different elevation angles. Users of “smart” devices orient them in multiple angles with respect to the base-station or repeater antenna, often changing orientation several times per call. Recent NIST data [6] indicates that building penetration environments should often be represented as three-dimensional scattering environments. The above conditions represent an important, evolving use case for handheld devices that is significantly different from outdoor cell-phone use cases represented by multipath components arriving from azimuthal directions only.

3. Proposal
Technical experts at NIST encourage the MOSG not to rule out the reverberation-chamber techniques and associated channel models for MIMO devices in the CTIA OTA test plan. Reverberation-chamber techniques have been shown to evaluate key performance metrics with accuracy comparable to anechoic-chamber techniques. While no approach duplicates all of the environmental conditions encountered in practice, reverberation-chamber measurement techniques for MIMO OTA testing provide useful and accurate information on the performance of the MIMO device in dynamic multipath environments in which multiple angles of arrival are encountered. NIST always tries to facilitate the use of straightforward alternative test methods when they are available, in order to reduce overall testing costs for industry. The reverberation chamber appears to fall into this category.
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