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1. Introduction 
In March, 2009, RAN4 established a new Study Item to investigate methodologies which could be employed for the evaluation of MIMO radiated performance in HSPA and LTE terminals [1]. Subsequently, the topic of MIMO radiated performance has been discussed by several groups worldwide, including COST2100 SWG 2.2, the CTIA MIMO Anechoic Chamber Subgroup and the CTIA Reverberation Chamber Subgroup. In addition, several contributions have been provided to 3GPP TSG RAN4 which document empirical results of radiated performance measurements made in either anechoic or reverberation chambers [2-6].
The large number of proposed measurement techniques is driven, in part, by a desire to ensure that MIMO radiated performance testing takes place in a “realistic” propagation environment. Consequently, a substantial amount of time has been spent evaluating each proposed methodology in terms of how accurately it emulates real-world propagation conditions. While it’s important for RAN4 to develop standardized tests that will provide insight concerning MIMO device performance under real-world conditions, it’s equally important for RAN4 to develop standardized tests that can be used to determine whether or not any given MIMO antenna implementation actually provides gain under propagation conditions that utilize a minimum number of variables [7]. Unless the structure of the associated test methodology document supports this concept, there’s a risk that a considerable amount of time could be spent testing a MIMO device which turns in poor performance in a spatial channel model only to discover that the device’s antenna had a fundamental design flaw that could have been identified with a less complex test.

This contribution recommends a methodology which is used to determine whether any given MIMO-capable device meets RAN4’s minimum radiated performance criteria in a uniform channel model before moving on to characterize the device’s radiated performance in a more complex spatial channel model test environment.  This contribution, while primarily intended for evaluating the radiated performance of MIMO-capable devices, is equally applicable to SIMO-capable devices. The test approach recommended in this document is complementary to the radiated performance tests which exist today for SISO devices, as described in 3GPP TS 25.114.
2. Test Methodology Considerations
3GPP TS 25.114 describes the measurement of transmit and receive radiated performance for SISO GSM and W-CDMA devices in terms of Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS). These tests are based on the concept of radiated power illuminating the inside of a sphere surrounding the EUT (TRP) or sensitivity to power radiating from a sphere surrounding the EUT (TRS). At the present time, the focus of RAN4’s MIMO testing is on downlink receive performance, therefore we will focus on TRS as an example of an existing specification.

TRS measurements are typically executed in an anechoic chamber, and either the EUT and/or the measurement antennas are moved in such a way as to obtain data points which can be integrated over a sphere. The result of this measurement is a Figure of Merit (FoM) which represents the EUT’s average sensitivity to power radiating from the sphere surrounding it (TRS). These measurements are made without the presence of any interference or fading. As a result, TRS measurements are noise-limited, and the TRS FoM takes into account the EUT’s conducted receiver sensitivity, the EUT’s antenna efficiency, and any on-channel interference created by the EUT itself. 

At this point it’s important to note that TRS tests are not the least bit “realistic” because of the unusually clean propagation environment under which they are executed. However, over the years that TRS measurement has been utilized by the industry, this FoM has been successfully used to compare device downlink OTA performance and is considered a vital performance metric.
In the case of MIMO, TRS testing is potentially relevant to verify the performance of individual receive branches, but a more accurate assessment of MIMO performance will only be realized if the entire radio subsystem (MIMO receiver, antenna, housing, etc.) is evaluated under propagation conditions that result in MIMO gain.

As stated earlier, many proposals have been brought to RAN4 to solve this MIMO test problem. The common denominator among most of them is the assertion that the test will only be valid if the propagation channel replicates a “real-world” environment. As the number of MIMO-capable device applications continues to expand, what constitutes a “real-world” environment is open to interpretation. What’s needed in RAN4 is a basic test, much like TRS, which provides an initial assessment of MIMO performance. Because the number of variables is held to a minimum in this initial test approach, setting the pass/fail criteria should not be as difficult as it would be in a test methodology which emulates a real-world environment.
3. Proposal 

As a solution to the problem statement included in the previous section, this contribution recommends that RAN4 consider splitting the SIMO/MIMO test methodology into levels or “tiers”. The use of “tiers” will allow a MIMO-capable device to be tested according to its needs. The tiered approach will also ensure that more complex “real-world” testing is only executed against devices that have met the basic performance criteria established by lower-tier tests.

As an example, Tier 1 testing could include verification that a device is capable of providing MIMO performance gain in a 2D or a 3D uniform channel where directional effects have been averaged out. Under these conditions, the DUT would be required to meet a certain performance metric (or set of metrics) in order to move on to the next level of testing. Tier 2 could be defined as testing which emulates a real-world environment for MIMO-capable mobile devices, and Tier 3 could be defined as testing which emulates a real-world environment for MIMO-capable fixed or portable devices, etc. This approach allows RAN4 to focus on appropriate test cases for the varied use cases associated with MIMO devices operating in “real-world” environments. At the same time, this approach requires that all MIMO-capable devices pass a very basic MIMO performance test as a prerequisite to more advanced testing.
4. Conclusion
In this contribution, we have outlined the relevance of simple MIMO OTA tests that provide a basic FoM under channel conditions which employ very few variables. We have also discussed the importance of ensuring that there is a means by which basic tests of MIMO performance can be executed against the EUT as a prerequisite to moving the device along to the next stage of testing. We’ve proposed that higher-tier testing may include emulation of one or more real-world propagation environments, and it’s envisaged that the device would be tested against the environment most suitable to the EUT’s intended use case. 
The result of this structure will be an opportunity for RAN4 to develop a MIMO test methodology in steps so that very basic performance measurements which result in a simple MIMO Figure of Merit will be available first, and the more complex tests required to thoroughly characterize the performance of the EUT under a variety of “real-world” propagation conditions can be developed as the needs of the industry become clear. We have also shown that this approach is consistent with the testing concept employed today for SISO OTA performance measurement.
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