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1. Introduction

Performance requirements for Mobile Station Receive Diversity (DARP phase II) were included in 3GPP TS 45.005 at TSG GERAN#32. 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 issue has been discussed several times in GERAN1 and GERAN3, but no clear decision on a preferred method has been made. The focus has been on the 4 test scenarios described in chapter 2 below. 
2. Test Scenarios

Figure 1 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. 
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Figure 2: Single input - dual output channel model. Un-correlated version.
The methods described in the following sections are: 
· METHOD 1: Uncorrelated signals

· METHOD 2: Gain imbalance 6 dB and correlation 0.7

· METHOD 3: One antenna input grounded

· METHOD 4: Same input signal at both antenna connectors. 

2.2 METHOD 2 – 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. 
2.3 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.
2.4 METHOD 4 – 100 % 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.
3. Discussion
Method 1 and method 2 are to be used when evaluating an MSRD terminal’s conformance to the requirements of table 1j and 2q in TS 45.005, which are the MSRD specific requirements. 
As for the remaining receiver requirements in 45.005 any of the 4 methods above may in principle be applied, but as mentioned in [2] and [3] each test scenario has advantages and disadvantages, and thus it may be difficult to select one scenario without imposing disadvantages for some MS implementations. However, during the discussions at the last GERAN meetings companies have expressed their preferences for method 1 or method 3. 
Method 1 has the advantage of being simple to implement and is already agreed as one of the test methods used when evaluating the MS performance in the scenarios of table 1j and 2q in TS 45.005. Furthermore, it is the method chosen by RAN 4 for evaluating the Rx diversity requirements in 3G. Method 1 has the disadvantage that in case an MS can operate in a single antenna mode, this mode will not be sufficiently tested. That is, if the MS always receives a signal at both antennas during the test it will always be able to benefit from its diversity receiver. 
Method 3 has the advantage that it requires little or no modification to the existing legacy test cases and it allows testing of an MSRD terminal’s single antenna mode (if it has such a mode). A disadvantage of the method is that an MSRD terminal which does not have a single antenna operation mode (always MSRD) is not able to exploit the benefits of its diversity receiver. Thus, for such an MS the test can be considered unfair since the MS would always use both antennas in a real NW scenario. 
4. Proposal
In order to facilitate fair testing of MS that always apply MSRD and also MS that supports MSRD but also has a single antenna mode of operation, we propose the following:

· Method 1 is to be used for a terminal that always apply MSRD

· Method 3 is to be used for a terminal that can operate in a single antenna mode.  
It should be noted that the proposals above only concerns the L1 performance test cases. For signalling tests we believe that any of the 4 methods may be applied. 
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