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MSRD - Testing dual antenna terminals using legacy test cases
1. Introduction

Recently, Performance requirements for Mobile Station Receive Diversity (DARP phase II) were included in 3GPP TS 45.005. The requirements are specified for a variety of sensitivity and interference scenarios and take into account parameters such as antenna correlation and gain imbalance – see table 1j and 2q in TS 45.005. Furthermore, Annex N of 45.005 specifies how to apply these parameters and connect the terminal using the two antenna connectors. 
Therefore, testing the conformance of a dual antenna MS to the DARP phase II requirements should be straightforward. However, as stated in [1] it remains to be clarified how a dual antenna MS is to be connected, when applying the legacy tests, as these are specified using a single signal source. The scope of this document is to initiate discussions on possible ways of resolving this matter. 
It should be noted that the issue not only concerns tests based on TS 45.005, but is common for all legacy tests using a single signal source. 
2. PoSSIBLE Test Scenarios

Figure 1 below shows the single input dual output channel model of annex N in TS 45.005. The parameters G and 
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 denote antenna gain imbalance and correlation, respectively. In the following, this model will be used as basis when discussing the test setups.
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Figure 1: Single input - dual output channel model. From 45.005 Annex N.
2.1 METHOD 1 – Uncorrelated signals
This method suggests that when testing conformance to legacy requirements using an MSRD capable terminal, the signals on the two antennas should be uncorrelated. (AGI=0, corr=0). This would reduce the model of Figure 1 to the one shown on Figure 2. This setup is similar to what is specified in 25.101 for WCDMA/HSDPA. 
2.1.1 Discussion

The MSRD receiver will have an advantage in link level performance compared to a legacy receiver for some scenarios (in particular interference) and thus may pass some performance test cases easily. However, one could argue that the legacy tests will still have some merit, since they verify that there are no obvious implementation errors and combined with the new strict MSRD requirements it may be safe to say that the test coverage is sufficient. Also, some adjustments could be made this method by introducing a reduction in the power of the transmitted signal. This could be applied to method 4 below as well.
[image: image3.emf]Multipath

fading

Multipath

fading

1

X

2

X

1

Y

2

Y

MS

Uncorrelated


Figure 2: Single input - dual output channel model. Uncorrelated version.
2.2 METHOD 2 – Apply worst case parameters
This methods suggests that legacy requirements should be met when applying the worst case parameters defined for MSRD (AGI=6, corr=0.7). See Figure 3. 
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Figure 3: Single input - dual output channel model. Worst case parameters. 
2.2.1 Discussion

This would likely require re-simulation of all legacy requirements in 45.005 in order to verify that they can be met when the worst case parameters are applied. In particular the 6dB AGI may impose a hard requirement to fulfil in all possible scenarios of 45.005.
2.3 METHOD 3 – Grounding one connector

This method suggests that legacy requirements should be met when grounding one of the antenna inputs. Which connector to ground should be specified by the MS vendor. 
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Figure 4: Single input - dual output channel model.
2.3.1 Discussion

Using only one antenna input may affect the performance of some MS algorithms since the degree of freedom is reduced and as a result the performance may be suboptimal. It could be argued that the test does not verify MSRD algorithm performance and may be unrealistic since an MSRD terminal would have two antennas in practice.

2.4 METHOD 4 – Full correlation
In this scenario the same signal is applied to both antenna connectors (corr=1).
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Figure 5: Single input - dual output channel model.
2.4.1 Discussion
This is likely a worst case scenario for some MSRD receivers since the receiver can not make use of the diversity branch. One could argue that that 100% correlation is unrealistic and some algorithm implementations may unfairly fail such a test. 
3. Way Forward
It seems clear that there are advantages and disadvantages of all 4 options listed above and thus there is no obvious choice of method. It is also likely that one method may be advantageous for one particular MS implementation while being disadvantageous to another. Therefore we propose that GERAN (WG1 and WG3) discuss this matter in order to reach a solution which is acceptable for the MS vendors and also practical from a testing point of view. 
A separate issue is that if the standard allows the MS to switch off one of the receiver antennas during operation, then it may be required to test the MS’ single antenna performance. Thus, it also needs to be clarified how such a test is to be performed. 
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