
3GPP TSG RAN WG4 (Radio) Meeting #51
Tdoc R4-091710
San Francisco, USA, 4 - 8 May 2009
Title:
Cost-Effective Over-The-Air Performance Measurements on MIMO Devices
Source:
Rohde & Schwarz

Agenda item:
8.5
Document for:
Discussion
1. Introduction

The discussion on OTA tests on MIMO enabled devices is at full speed. Several proposals have been presented at COST 2100 meetings as well as at RAN4 of 3GPP. At CTIA activities in the direction of tests in reverberation chambers (RVC) and in fully anechoic rooms (FAR) are under way.

Common to most proposals is to create an environment close to reality, by which the performance of the antenna systems as well as the complete receive chain from antenna over RF front-end up to the algorithms implemented in the mobile terminals can be evaluated.

This paper tries to sum up the status of the discussion. In section 3 an analysis of the goal of OTA performance is made, whereas section 4 then focuses on proposals for a cost-effective implementation for such measurements.

2. Status of MIMO OTA proposals
2.1
COST 2100

In the European COST 2100 Action the sub-working group SWG 2.2 addresses the testing of the OTA performance on MIMO devices in great detail. Temporary documents were presented and discussed since 2007 ([1] to [12]). In addition to the management meetings held two to three times a year, the interested members of SWG 2.2 now hold telephone conferences between the meetings.

SWG 2.2 identified a measurement set-up in an anechoic chamber to be the most promising approach. The EUT will be surrounded by a number of antennas each fed with individually faded signals. This will allow to generate field components close to reality, simulating multi-path propagation.

For the fading of the signals two alternative solutions are discussed. One proposes mainly passive fading elements like phase shifters and attenuators [5], [7], [9], another one wants to use a complete radio channel emulator [4], [10], [11].

2.2
RAN4

In February 2009 a study item for OTA measurements on MIMO devices in RAN4 [13] was proposed. At the recent RAN4 meeting in March 2009 several papers were discussed in an ad-hoc meeting titled MIMO OTA [14]. 

2.3
CTIA

At CTIA there is a long history of experience in OTA measurements [15]. CTIA has plans to study OTA performance tests in fully anechoic chambers [16] as well as in reverberation chambers [17]. Work in the RVC area is going to start soon; the working group for FAR tests has just been founded.

3. MIMO technology

3.1
Functions of MIMO

It should be noted that throughout the rest of this paper we are focusing on LTE terminology, speaking for example of user equipment (UE) etc. MIMO is not restricted to LTE but is also in use for WLAN 802.11n, WiMAX, HSPA+. The discussions here can easily be transferred to the other technologies insofar as they are applicable.

We also assume only a 2 x 2 MIMO to start with. Further MIMO is used in the downlink only. Therefore we ignore for the time being all issues related to uplink MIMO.

What does MIMO mean for the radiated performance measurements? In a MIMO transmission, one of the following principles is used:

· Precoding: by adjusting phase and possibly also power level for the signal on each transmit antenna, the transmit channel is formed in such a way that the user equipment (UE) antennas receive the data streams under optimum conditions.

· Spatial multiplexing: sending two independent data streams over channels which are uncorrelated, for example due to spatial separation, or by using different polarisations, typically twice as much throughput can be achieved compared to a single antenna transmission.

· Diversity coding: by sending redundant copies of a data stream but coded differently, the reliability of the transmission is greatly enhanced. This helps for increasing the coverage.

3.2
Channel decomposition

Decomposing the signal chain as described in [19] is a useful approach for optimising the OTA testing. Looking only at the UE, the signals arriving at the antennas are then going via the RF front ends to the decoding stage, and then smart software and error correction generate the final result. Comparing with measurements which can be done in a conducted test set-up, the OTA test adds the use of the antennas.

For the MIMO case a correlation of the antennas can deteriorate MIMO operation substantially. A channel with clearly separated information streams in an uncorrelated condition will have reduced capacity if the antennas increase the correlation due to mutual coupling.

For an OTA test on MIMO devices we do not have to learn about the algorithms optimising the reception of data streams. We do not have to verify that interferers can be suppressed sufficiently. The antenna’s role in in the overall performance should be the focus and any evaluation of figure of merits should be possible with a rather high degree of abstraction, as much as channel scenarios are concerned, and also for reducing the measurements to a two-dimensional set-up of antennas around the EUT, turning the UE with a multi-axis positioner.

3.3
Antenna pattern

Since the antenna correlation is expected not to be a constant value but to depend on relative angles of the various signal components, it will be required to test this pattern as a function of angles of arrival (AoA). This means not only that the UE has to be turned with respect to the antennas, but also that the different components of the signal have to reach the antennas under different and varying angles of arrival.

Of course, also the antenna gain for the different angles of arrival is an important factor. Therefore some pattern-like information for each antenna has to be evaluated as well.

4. Saving costs for OTA testing

4.1
Channel simulation hardware

The channel simulation affects the test costs in several ways. The first and most obvious effect is that the number of channels required to establish a multi-path environment will automatically convert to a raise in investment costs. Fading equipment of whatever type is more expensive if more channels are simulated. Similarly, but on a smaller scale, ancillary components like antennas and cabling will be more expensive for more channels.

At COST 2100 there is strong support for having a large number of antennas for studying the effects, and then defining a minimum number of channel elements delivering sufficient information for judging the performance of the antennas of the device.

The number of channel elements obviously has to match the simulated scenarios.

4.2
Simulated scenarios

Selecting appropriate scenarios for OTA performance measurements on MIMO devices is not a trivial task. As the final figure of merit seems to be throughput, one may want to evaluate the performance for indoor situations, for urban street canyons, suburban areas, or even for rural areas.

It seems to be prohibitive to do all the mentioned scenarios because the test time for one scenario is simply multiplied with the number of scenarios. Let’s therefore go back to the goal of the OTA performance test: How do the MIMO antennas couple to each other? What is the best possibility to find this out?

We would like to propose to investigate these questions based on channel propagation models. Selecting one appropriate scenario should be sufficient to get sufficient data on the cross coupling. Once obtained, this cross coupling then can be applied to any scenario without the need to re-measure.

When deciding on the scenarios, it also has to be determined how to create the simulation environment. As said earlier, generally speaking one expects that surrounding the DUT with several antennas and thus creating a multi-channel propagation environment will be the best way. Figure 1 indicates such a set-up.
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Figure 1: Surrounding the DUT with many antennas

A signal signature belonging to a specific AoA can be generated either by a single antenna element if its position matches the required AoA, or through a superposition of the signals coming from neighbouring antenna elements.

If we reduce the number of antennas and by that also the number of channels to a minimum, we save hardware resources, and we may speed up the measurement. Assuming that a reasonable estimate of the antenna correlation and pattern can be obtained by using one primary and one secondary channel, two antennas at a time will be sufficient for this measurement. This means that one uses only the two most important components of a modelled scenario.

Figure 2 is a sketch of such a set-up. For obtaining various angles of arrival at the DUT, one main antenna (assumed at the left) and one additional antenna needs to be used. The additional antenna varies its position with respect to the main antenna. If this position change is done electronically by switching to another antenna element, or mechanically by rotating the antenna with some positioner is left to the implementation.
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Figure 2: Surrounding the DUT with two antennas

It also has to be said that there is high pressure to define tests which can be made in existing chambers. An investment for new chambers will boost the costs substantially which should be avoided if possible.

4.3
Fast channel quality feedback

General consensus for taking throughput as the most meaningful figure of merit implies lengthy measurements with many packets in order to obtain the measured throughput with sufficiently small measurement uncertainty. This automatically leads to long measurement times. 

In the protocols of LTE several channel characteristics values are evaluated by the UE and can be returned back to the base station emulator (BSE) [20]. These channel estimates are available without delay since the UE evaluates them on any pilot signal.

We propose to use these channel indicators as quick means of obtaining information on the channel quality. The values to look for are:

· CQI
Channel Quality Indicator
giving a prediction what modulation and coding scheme is going to give a BLER of 10 %

· RI
Rank Indicator
returning information if under the given channels received a MIMO operation is recommended

· PMI
Precoding Matrix Indicator
indicating which entry of the codebook, i.e. which weighting function (phase, maybe gain) for the antenna signals, will result in the best throughput [21]
These quantities are “reliable” in the sense that there are test cases in the conformance test which verify the correct transmission of the values. See for example section 9 of [22]. Further more this feedback information is the basis of scheduling decisions in the real network. An OTA analysis should therefore include the measurement of feedback information as this is basic input parameter on the channel estimation and effective usage of MIMO in a operating network environment.
Detailed studies will be required in order to derive a systematic correlation between these reporting quantities and the final figure of merit. It is assumed, anyhow, that for some specific conditions a full throughput measurement is required.  It is left for further analysis if either absolute minimum requirements or relative minimum requirements based evaluation of this feedback information is used in the later description of the OTA requirements.

In comparison, for the A-GPS measurements described in the OTA test plan version 3.0 from CTIA to be released these days [15] the spherical pattern is measured using fast C/N0 return values, where the full sensitivity is then only measured at a single point on the sphere where the highest C/N0 had been obtained. Similarly obtaining pattern data with the help of channel indicators complemented by throughput measurements at only some specific angles will allow shorter test times.
4.4
Optimised performance test

An optimised performance test makes use of all the cost saving proposals mentioned in this chapter so far. The investment savings make it easier acceptable to extend the OTA measurements to MIMO specific tests. The savings in test time will lead to reduced testing costs which then are no major obstacle to the development of new devices while giving visibility of the performance to network operators.
5. Conclusion
Since most conformance tests are made in a conducted environment and without the antennas of the DUT, the over-the-air performance tests are required in order to verify the effect of the antennas, giving indications on the mutual coupling between the antennas.

To understand this coupling and to obtain meaningful figures of merit, it is necessary to create a test situation sufficiently close to real conditions, but sufficiently simplified in order to limit the required instrumentation resources. At the same time applying some scenarios in an abstract way will limit the test time as well. 
If quick estimates of the channel characteristics are used, such as CQI, RI and PMI for LTE, their dependence on the test settings, and more precisely on the angles of arrival, will allow to determine a pattern or an antenna coupling figure closely related to the figure of merit. This reduces the need for lengthy direct measurements. Further studies are required in order to derive the relation of the channel indicators to the figure of merit.
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