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1. Background
During the first CTIA MIMO OTA Sub-Group (MOSG) meeting; occurred in March 2011Orlando Florida ; it was suggested that to expedite the baseline between laboratories participants of CTIA LTE round robin, a set of MIMO 2x2 reference antennas should be developed. These antennas should be used strictly to baseline MIMO OTA throughput measurements, ruling out the antenna performance among diverse DUTs. 
Knowing the radiated performance or these reference MIMO 2x2 antennas, plus the conducted performance or each DUT, it’ possible to somewhat predict the order of magnitude of each DUT data throughput, therefore later comparing with the DUT stand-alone radiated throughput. The main goal of these reference antennas is baseline round robin measurements results in the initial phase of measurements.  Where different test methodologies and test environments are being evaluated. 
Initially CTIA MOSG agreed that this antenna development should have the following guidelines:

i. Initially focusing on single  LTE bands 7, 13 and 20 antennas design;
ii. The reference antennas should be able to clearly represent good, nominal and bad MIMO 2x2 antenna designs;

iii. The design should be simple to enable production in large quantity to supply all RR participants;

iv. Low cost.
The antenna system presented in this document is preliminary, and was reviewed by a small audience, therefore still needs consensus among MOSG to be considered a candidate for CTIA MIMO 2x2 reference antenna system.
2. Preliminary results
With the design guidelines stipulated above, a preliminary simulation model was created based in a very simple self-matched antenna topology, enabling an adequate control of main MIMO 2x2 antenna figure of merit, i.e. overall radiated performance, correlation coefficient and gain imbalance. 

Initially it was designed a LTE band 13 Rx self-matched antenna based on IFA topology, since the antenna system is symmetric, naturally it has gain imbalance near to 0 dB, offering the possibility of full control of gain imbalance through attenuators installed at the antenna ports [1,2]. To be consistent with nowadays handsets form factor, the antenna is compact and has design features to control correlation coefficient through radiation pattern manipulation, instead of classical spatial or polarization characteristics of MIMO 2x2 antenna design.
 Lastly the antenna was built in a single layer PCB, enabling inexpensive reproduction and distribution among participant labs.
This antenna concept was initially simulated in CST Microwave Studio, and then a preliminary prototype was built and measured as proof of concept. 
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Gain Imbalance (dB) 0.33 0.27 0.23

Magnitude of Complex Correlation coefficient 0.077 0.079 0.088

Envelope Correlation Coefficient 0.006 0.006 0.008
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Figure1. Preliminary concept of MIMO 2x2 reference antennas

This conceptual self-matched reference antenna was designed in a single layer PCB (lossy copper over lossy FR4), with the following dimensions 240x80x1mm.
The initial concept was to have an “external” MIMO 2x2 antenna attached to a ground plane which can be used to host a LTE DUT, e.g. handset or dongle connected through ¼ λ sleeve RF chokes, as indicated in the Figure 2 bellow.
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Figure 2. Preliminary concept of MIMO 2x2 antennas, attached to the DUT.


The handset in the example above measures approximately 126x69x13mm (surrogate laptop 400x200x20mm, 100ᴼ tilted lid), and the ¼ λ sleeve RF chokes where designed in the real dimensions. In this embodiment, besides the 2 Band 13 chokes, also are required 4 x 90ᴼ SMA adapters, and 2 DUT respective RF port-to-SMA adapters.
The RF chokes are a necessity, avoiding that current flow over the coaxial cable outer conductor therefore altering the radiated performance of the antenna system, also minimizing reflections in the test environment. Despite being relatively inexpensive these ¼ λ sleeve RF chokes need to be built following precise guidelines, not trivial task to be reproduced successfully in different labs. 

To avoid the need for ¼ λ sleeve RF chokes, another option is proposed.
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Figure 3. Reference MIMO 2x2 antenna system, plus RF enclosure

In the test embodiment suggested in Figure 3, the DUT (handset or dongle) is placed inside a RF enclosure, therefore there’s no need for RF chokes, the connection between “external” antennas and DUT it’s also confined inside the RF enclosure through a flexible coaxial 50Ω pig-tail composed by SMA-DUT RF port adapter. This RF enclosure is designed with easy removable cover to enable battery replacement of the DUT, and holes with diameter <<< λ to avoid DUT overheat during long measurements. 
The following figures summarize simulation and measurements taken with the antenna systems so far described:
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Figure 4a. Preliminary concept, Return Loss and Impedance Characteristic, Simulation.
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Figure 4b. Radiation Pattern, Radiation and System Efficiency, Antenna port 1
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Figure 4c. Radiation Pattern, Radiation and System Efficiency, Antenna port 2


The Figures 4b and 4c, are results of both antennas simulated simultaneously at 751MHz, in this scenario the gain imbalance is 0.07dB, and the magnitude of complex correlation coefficient is 0.01. This is considered a “Good” MIMO 2x2 antenna design.
To proof this concept a prototype was built:
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Figure 5a. Reference MIMO 2x2 proof-of-concept.
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Figure 5b. Proof-of-concept Return Loss and Impedance Characteristic
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Figure 5b. Proof-of-concept Radiation Pattern @ 751MHz
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Figure 5c. Proof-of-concept Gain Imbalance and correlation coefficient
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Figure 5d. Proof-of-concept System Efficiency

The same antenna system characterized as “Good” MIMO 2x2, can be easily controlled to generate almost any correlation coefficient altering the ground between IFA elements, maintaining the antenna system symmetric the gain imbalance remains near to 0dB, however the isolation between elements is decreased, therefore the coupling increases, and the radiation pattern became more similar, increasing the correlation between antennas.

The Figure 6 bellow exemplifies one of these design variants, where a “near to compliant” MIMO 2x2 antenna system design is proposed.
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Figure 6a. Borderline compliant MIMO 2x2 antenna system, RL and impedance characteristic.
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Figure 6b. Radiation Pattern, Radiation and System Efficiency

Note that this antenna system is basically the same presented before, the lower isolation between antennas consequently higher coupling between antenna elements, and higher correlation between radiation patterns is achieved simply manipulating the ground plane between antenna elements.

In the embodiment “near compliant”, the Gain Imbalance it’s still near 0dB since the antenna is still symmetric, however the Magnitude of Complex Correlation Coefficient is 0.56 
3. Conclusions
A preliminary MIMO 2x2 reference antenna system was presented, demonstrating design feasibility for large scale and full control of MIMO antenna figure of merit. Differentiating good, marginal and bad MIMO 2x2 antenna systems.
4. References
[1] R4-110926, LTE MIMO OTA Measurements in Reverberation Chamber, Bluetest
[2] MOSG110305, LTE MIMO Throughput Measurements with Focus on Various Antenna Parameters, Bluetest
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		746		0.5		0.076565		-0.72874		0.7327511084		0.028389		-0.33641		0.3376057218		-0.17777		0.016876		0.1785692366		0.042127		-0.56106		0.5626393229		0.5369241868		0.1139776234		0.0318869723		0.3165630077		0.67

		751		0.5		0.13851		-0.74128		0.7541094473		0.080981		-0.42278		0.4304658532		-0.13884		-0.069047		0.1550613872		0.098038		-0.5864		0.5945388208		0.5686810585		0.1853008508		0.0240440338		0.3534764094		0.75

		756		0.5		0.16166		-0.75658		0.7736583561		0.11272		-0.50137		0.5138848853		-0.093836		-0.15412		0.1804388242		0.13206		-0.60893		0.6230855387		0.598547252		0.2640776753		0.0325581693		0.3882355885		0.8





		



Free Space CC env

Laptop (side) CC env

Laptop (back) CC env

Laptop (cable) CC env

Target CC env.

Frequency (MHz)

Envelope Correlation Coefficient

USB Dongle Band 13, Envelope of Correlation Coefficient




