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1. Introduction
Since 2011, the CTIA’s Machine-to-Machine Subgroup (M2M) has been exploring methods for OTA testing of wireless devices that have a single dimension longer than 450 mm [1]. Proposals have been made within the M2M subgroup to classify devices according to their size to take advantage of existing OTA techniques where possible [2]. For the large-form-factor devices, approaches being considered include the use of existing anechoic chambers with an associated increase in uncertainty [3-4] and the use of reverberation chambers [1],[5-6].
This contribution demonstrates the capabilities of reverberation chambers to test the specified worst-case scenario for MIMO OTA with large form factor M2M devices.

This contribution was made in co-operation with Dr. Kate Remley from the US National Institute of Standards and Technology (NIST) and EMITE, a manufacturer of MIMO OTA test equipment. NIST gratefully acknowledges Big Belly Solar for loan of the trash compactor described in this contribution and Johannes Aan den Torn for conducting the measurements. 
2. Testing large form factor devices in Anechoic Chambers
Testing MIMO OTA for large-form-factor devices by use of anechoic-chamber methodologies has led to some difficulties. Issues associated with the use of anechoic chambers include (from [4]): “A large form factor device can potentially reflect high amounts of energy back to the measurement antenna and set up standing waves between the measurement antenna and the EUT. These standing waves can introduce greater measurement uncertainty than is currently allowed for in the MU budget.” CTIA is currently exploring options in this regard, but does not wish to increase the uncertainty bounds on M2M device measurements. Consequently, the use of reverberation chambers is being explored as a promising methodology for testing large-form-factor devices.
3. Testing large-form-factor devices in Reverberation Chambers
3.1 Test set-up for large devices
The use of reverberation chambers for testing M2M objects has been discussed in [1],[5],[6]. An ad hoc committee of the CTIA M2M subgroup has met several times to update the reverberation chamber OTA test methodology described in RCSG090401 [7] to support M2M testing. The group was directed to quantify OTA performance in terms of TRP and TIS, and measured in free-space only. The ad hoc group has addressed several issues unique to large, lossy device testing with assistance from NIST researchers. These issues include (see [8]): 
•
Uncertainty due to chamber anisotropy

•
Proximity effect due to antenna placement near lossy material

•
Maximum volumetric loading of the chamber

•
The number of reference measurements required to test large-form-factor devices

•
Study of spatial uniformity effects using realistic-loss material (water)

•
Chamber loading to achieve coherence bandwidth
The ad hoc group will soon present a revised version of [6] to the full M2M subgroup.
3.2 Uncertainties in reverberation-chamber measurements
The ad hoc group has been focused on finding the uncertainties related to measurement of large devices in reverberation chambers. The group is exploring the use of a test artifact that embodies a form factor and loss similar to a worst-case M2M device such as a vending machine with a plastic housing filled with liquid. Such an artifact could be used to assess the component of uncertainty related to chamber anisotropy in a large reverberation chamber. Chamber anisotropy increases when RF-absorbing objects are placed in the reverberation chamber. This expected to be the largest source of uncertainty for measurements of large, lossy devices.

Several measurements were performed at NIST. Figure 1 illustrates example NIST-measured results for this component of uncertainty for the PCS band (1850 – 1995 MHz). Multiple measurements of the chamber’s reference power transfer function were made at various locations within a 4.6m x 3.1m x 2.8m reverberation chamber. Each reference measurement consisted of the average of 72 samples of mismatch-corrected |S21|2. The graph shows the standard deviation of the mean of N = 2 to N = 9 reference measurements for various loading conditions.
For each measurement, four large plastic shipping cases were placed in the reverberation chamber to represent the worst case of the test artifact. Additional loading was provided by 5-gallon plastic water bottles filled with water. In the legend, “filled” refers to the number of water bottles placed in the chamber. A single block of RF absorber provides approximately the same loading as four filled water bottles. Figure 2 depicts a picture of the test setup with the worst case M2M test artefact placed inside the reverberation chamber.
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Figure 1. The standard deviation corresponding to the average of N = 1 to N = 9 reference power transfer function measurements under various loading conditions.
For the highest loading case of four water bottles and four shipping crates, Figure 1 shows a standard deviation of just over 0.2 dB for this frequency band. A typical value of uncertainty due to chamber anisotropy from the 3GPP test plan [9, Table E.7 “Chamber statistical ripple and repeatability”] is given as 0.4 dB to 0.5 dB. Thus, the results of this study indicate that the uncertainty due to chamber anisotropy will likely not exceed that of smaller devices when large-form-factor devices are measured in a reverberation chamber.
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Figure 2: Reverberation chamber set-up with four shipping crates and two filled 5 gallon water bottles. The directional measurement antenna is pointed toward the rotating paddle and the omnidirectional reference antenna is seen at right.

3.3 TRP measurement of large-form-factor M2M device
The TRP of a large (68 cm x 58 cm x 127 cm) M2M solar-powered trash compactor was measured in the NIST reverberation chamber. The measurement antenna was placed in three different locations. 
A base station emulator (BSE) was used to request maximum power transmission from the M2M device on uplink channel 9262 at 1852.4 MHz and downlink channel 9662 at 1932.4 MHz. We compared the power reported by the BSE to power measured with a spectrum analyzer (SA). Figure 3 shows a diagram of the set-up, where additional RF absorbers were introduced into the chamber to broaden the coherence bandwidth the chamber appropriately for a W-CDMA signal. The yellow antennas labelled 1 – 3 in Figure 3 represent the measurement antenna locations. The three red antennas near the RF absorber (abs) in Figure 3 represent measurements made to account for the proximity effect. The clusters of three antennas in the circles in Figure 3 represent the nine reference measurements made to characterize the reverberation chamber.
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Figure 3. Top-view diagram of the reverberation chamber set-up for measuring the total radiated power of a trash compactor.
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Figure 4. Photograph of the measurement set-up of the trash compactor and the absorber that was added to increase the coherence bandwidth of the chamber.

Measured TRP results for the PCS band are given in Table 1. The difference in measured power was at most 1.49 dB when the measurement antenna was placed at different locations in the chamber. The standard deviation in the TRP measurement was approximately 1.0 dB. 
Table 1. Example TRP results for a trash compactor measured in a large reverberation chamber.
	
	Loc 1
	Loc 2
	Loc 3

	Ptrp-BSE
	Xx
	Xx – 1.16 dB
	Xx + 1.49 dB


	Ptrp-SA
	Yy
	Yy – 1.25 dB
	Yy + 1.42 dB

	σ-trp
	0.99 dB
	0.97 dB
	0.98 dB


4. Conclusions
A worst-case test artifact for MIMO OTA test of large-form-factor M2M devices has been measured in a reverberation chamber. Based on the results shown in the measurements above, it can be concluded that the uncertainties in reverberation-chamber measurements of large-M2M form-factor devices will not exceed current CTIA limits. Achieving similar capabilities using anechoic chamber MIMO OTA setups without an increase in the uncertainty threshold is uncertain. Thus, we propose to continue development of OTA test procedures for M2M devices with reverberation-chamber techniques. 
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