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1. Introduction

CQI testing for MIMO has been discussed in recent RAN4 meetings ‎[1], [4]. It has been pointed out that the existing AWGN test in Rel-6 extends easily to dual-stream operation, but the fading test needs more thought. In this contribution, we propose a testing method in fading for dual-stream operation. The test is a simple extension of the existing Rel-6 test, and accounts for different receiver types (linear, SIC) in a transparent manner.
2. Existing Rel-6 Tests
In this section, we start by summarizing the existing CQI testing methods defined in ‎[2]. Fundamentally, there are two tests: an AWGN test and a fading test. Both are based on an fixed reference channel (FRC)-type setup at fixed 
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values. In both test at least two runs are performed (3 for the AWGN test). In the first run, an arbitrary transport format (TF) is selected for transmission. The purpose of the first run is solely to collect statistics on the reported CQI, specifically the median CQI. In the second run, the transport format is fixed at the median CQI value 
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 and the block error rate (BLER) is measured. In the third run (for the AWGN test only), the transport format is set at either 
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 depending on the measured BLER from the second run, and the BLER is measured again. Where the two tests differ is how the BLER is measured. The measurement methods are described in the next two subsections.
2.1 AWGN Test

Figure 1 shows the reported CQI vs. time logged in the first test run of a hypothetical AWGN test. In addition, lines are drawn through the median CQI and median CQI ± 2. The first requirement of the AWGN test is the reported CQI fall within the interval 
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 90% of the time.
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Figure 1. Reported CQI in AWGN
The second requirement is on BLER. In the 2nd test run, the average BLER is measured across the entire test run. A 3rd  test run is then performed based on the average BLER in the 2nd run. If the average BLER in the 2nd run is > 10%, then the transport format for the 3rd run is set to 
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 and the resulting average BLER in the 3rd run must be < 10%. If the average BLER in the 2nd run is < 10%, then the transport format for the 3rd run is set to 
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, and the resulting average BLER in the 3rd run must be > 10%. 
This test aims at checking how noisy the CQI estimates are and how well the target BLER can be maintained at approximately 10%.
2.2 Fading Test
Figure 2 shows the reported CQI vs. time logged in the first test run of a hypothetical fading test. In addition lines are drawn through the median CQI and the median CQI + 3. This test differs from the AWGN test in that the average BLER is measured in two different time intervals rather than across the entire test run.
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Figure 2. Reported CQI in fading
In the 2nd test run, the transport format is set to 
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. In this run, the average BLER is measured across all intervals during which the reported CQI is equal to 
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 (blue intervals) and separately across all intervals during which the reported CQI is equal to 
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 (green intervals). In the former, the average BLER must be < 60% and in the latter it must be < 15%.
It should be noted that there are ongoing discussions between RAN WG4 and WG5 on the effectiveness of this test ‎[3]. One concern is with respect to the UEs performing averaging of the measured CQI before reporting. If excessive averaging is performed, the distribution of the reported CQI is very narrow, and the intervals at which the reported CQI is equal to 
[image: image13.wmf]3

median

CQI

+

occur infrequently. This results in an excessively long test time in order to reliably measure average BLER. Furthermore, with long averaging times, there is no hope in tracking the instantaneous channel during link adaptation. In other words, during deep fades, the link adaptation is too aggressive and during fading peaks, it is too conservative. Both result in decreased system capacity. Another concern is that even if UEs obey the CQI measurement (averaging) period of 3 slots specified in ‎[2], it may still be too easy for UEs to pass the test, perhaps due to loose requirements on average BLER (60%, 15%).

Since this discussion is ongoing and no conclusion has yet been reached, the working assumption in this contribution is that the overall testing philosophy for MIMO in Rel-7 will remain essentially the same as in Rel-6. With this in mind, the proposed extensions of both the AWGN and fading tests are discussed in the next section. If the existing Rel-6 tests end up being refined, the proposed CQI tests for MIMO in Rel-7 can be revisited at a later time.
3. MIMO Extensions for Release 7
For dual-stream (MIMO) operation there are fundamentally two CQIs (one per data stream) instead of just one as in Rel-6. It is generally agreed that the AWGN test extends easily to handle MIMO. The use of an orthogonal AWGN channel for this test ensures no inter-stream interference. Consequently, the reported CQIs are not linked in any way. This means that exactly the same test methodology may be followed as in Rel-6 except the CQI and BLER statistics should be captured on a per-stream basis. Similar requirement on CQI variance and target BLER as in Rel-6 can be used 
Our proposal for the fading test is to capture CQI and BLER statistics also on a per-stream basis but to modify the criterion for the measurement of the BLER for the 2nd stream based on the CQI for the 1st stream. This simple modification to the existing Rel-6 testing methodology accounts for the fact that the two CQIs may be linked depending on the receiver type. For example, in a SIC receiver, the CQI for the second stream assumes the interference from the 1st stream is cancelled, thus improving the 2nd stream CQI compared to a linear receiver.
With this in mind, the proposed test is defined as follows:
· In the 1st test run, capture the median reported CQI for each stream independently.
· The reported CQIs should inherently take into account the receiver type, e.g., linear or SIC 

· In the 2nd test run, set the transport format for the 1st stream equal to the median CQI measured for the 1st stream, i.e., 
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. Similarly, set the transport format for the second stream as 
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· BLER for 1st stream:
· Filter 
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 in exactly the same way as existing Rel-6 test, i.e., find intervals where 
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· Measure average BLER1 over these intervals and compare to targets, e.g., 60%, 15%.

· BLER for 2nd stream:
· Filter 
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 in a similar way as existing Rel-6 test, but add an additional restriction:

·  Find intervals where 
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· Further restrict intervals to points at which 
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 where N is to be determined (e.g., N = 3)
· Measure average BLER2 and compare to targets, e.g., 60%, 15%.
It is important to note that this test is transparent to receiver type (receiver “agnostic”). For linear receiver, the additional restriction on the intervals at which the BLER for the 2nd stream is measured does not affect the result. The only effect is that a slightly longer testing time is required. For SIC receivers, on the other hand, the additional restriction ensures that the BLER for the 2nd stream is not unduly affected by decoding failures in the 1st stream, i.e., error propagation.
4. Conclusions

In this contribution, we propose simple extensions to the existing Rel-6 CQI tests to support dual-stream (MIMO) operation in Rel-7. The proposed AWGN test for MIMO remains essentially the same except that the CQI and BLER statistics are collected independently on a per-stream basis. The proposed fading test for MIMO also collects CQI and BLER statistics on a per-stream basis. However, the intervals during which the BLER for the 2nd stream is measured are restricted based on the reported CQI for the 1st stream. This additional restriction ensures that for SIC receivers the 2nd stream BLER is not unduly affected by error propagation. For linear receivers the restriction is transparent and has no side effects, other than a slightly longer test time.
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