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1 Introduction
The current E-UTRA physical layer specifications define both periodic and aperiodic CQI/PMI reports [1]. The periodic CQI report on PUCCH can consist of only a wideband CQI or include frequency selective CQI information on selected sub-bands, through a UE-selected report. The aperiodic CQI report on PUSCH can be similarly given by a wideband CQI or a frequency selective CQI based on UE-selected or eNB-configured report modes [1].
In our view, CQI testing should be based on the RAN1 CQI definition and verify that the reported CQI corresponds to the modulation and coding scheme (MCS) that provides a BLER of less than 10% [1], [2]. This approach can be implemented to separately test wideband CQI and frequency selective CQI, for either UE-selected or eNB-configured reports.
Testing based on throughput performance as suggested, e.g., in [4], [6] has the disadvantage of depending on the specific receiver implementation. In fact, as already pointed out in [3], a better receiver with incorrect CQI reporting could pass a throughput test with no more problems than an ordinary receiver with CQI correctly derived from the 10% BLER requirement. An argued benefit of throughput testing is that it is more aligned to deployment scenarios, but this is only relevant once the performance of the receiver algorithms has been verified. In other words, throughput testing can only be used to verify receiver performance as a whole. On the other hand, testing separately the different functions of the receiver is key for verifying the details of the receiver implementation, which can provide much greater confidence of good performance in realistic deployment scenarios. In conclusion, the throughput performance should not be considered to test the CQI report.
We propose to base the CQI tests on the evaluation of the BLER obtained on the DL-SCH using the reported CQI, as suggested in [3]. In the case of eNB-configured frequency selective report, the CQI feedback test may be based on downlink transmission on a single specific sub-band at a time. For UE-selected frequency selective report, the test should be based on downlink transmission on the selected sub-bands. In addition, for UE-selected CQI report there is the need of specifically testing the selection of the M preferred sub-bands.

2 Wideband CQI Report

For wideband CQI report modes (periodic modes 1-0 and 1-1, and aperiodic mode 1-2 [1]) the CQI feedback test should be based on an eNB wideband transmission with link adaptation enabled, using the MCS corresponding to the most recent reported CQI. Under these conditions, the UE should receive the transmitted data blocks with a BLER below a specified value for a given percentage of time.

In static propagation conditions, an alternative test may be based again on a wideband downlink transmission, but with a requirement on the BLER performance using a fixed MCS corresponding to the median reported CQI.

The above tests would also cover the wideband CQI feedback that is transmitted together with the sub-band CQIs for the frequency selective CQI report modes (periodic modes 2-0 and 2-1, and aperiodic modes 2-0, 2-2, 3-0 and 3-1 [1]).
3 Frequency Selective CQI Report

3.1
eNB-Configured Report 

Testing of the eNB-configured CQI report modes (aperiodic modes 3-0 and 3-1 [1]) may be based on an approach similar to that described in Section 2, but with an eNB transmission using on each configured sub-band the MCS corresponding to the most recent reported CQI for that sub-band. 
The test could be based on the simultaneous transmission on all the configured sub-bands. Alternatively, the eNB may cycle through the sub-bands, transmitting sequentially on a single sub-band at a time. For simplicity, the test may even be restricted to a sub-set of all the configured sub-bands, which could be fixed, or could be determined based on the reported CQI. 
3.2
UE-Selected Report 

For the UE-selected CQI report modes (periodic modes 2-0 and 2-1, and aperiodic modes 2-0 and 2-2 [1]) the test may be based on the approach of Section 2, but with eNB transmission on the M selected sub-bands. 

In addition, for UE-selected CQI report there is the need of specifically testing the selection of the M preferred (‘best’) sub-bands [3]. In this respect, one could either directly verify the selected frequency locations under stationary (frequency selective) channel conditions, or compare the difference between the reported frequency selective CQI relative to the best M sub-bands and the reported wideband CQI.
Testing based on the difference between the best M CQI report(s) and the wideband CQI report would make use of the fact that for all UE-selected CQI modes the UE has to also compute and report the wideband CQI (for periodic report on PUCCH the wideband CQI and the best M CQIs are transmitted in separate reporting instances, where for aperiodic report on PUSCH the wideband CQI and the best M CQI are transmitted in the same reporting instance) [1]. An example of the performance of this test is shown in Figure 1, which reports the statistics of the sum of the differences between each of the best M CQI reports and the wideband CQI report for PUCCH UE-selected report, in the case of Typical Urban channel profile and 10 MHz bandwidth. For comparison, Figure 2 shows the statistics of the same quantity for the case where the selection of the M preferred sub-bands is based on a random choice of one sub-band for each bandwidth part.

Based on the results of Figure 1 and Figure 2, the test of the selection of the best M sub-bands could require that the differences between the best M CQI reports and the wideband CQI report be greater than a certain value for a specified percentage of time. For example, in the case of Figure 1, the sum of the differences between the best M CQIs and the wideband CQI results greater than 3 for about 52% of the time.

Alternatively, the test of the selection of the best M sub-bands could require for instance that the value of the mean or the value of the mean divided by the standard deviation of the distribution of Figure 1 be greater than a specified value.
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Figure 1 – Histogram of sum of the differences between best-M CQI and wideband CQI for PUCCH UE-Selected CQI report.
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Figure 2 – Histogram of sum of the differences between best-M CQI and wideband CQI with random selection of the ‘best’ sub-bands.
4 Conclusions

In this contribution we have discussed the general methodology for CQI testing, which should be based on the evaluation of the DL-SCH BLER corresponding to the reported CQI.

We have also addressed the specific CQI tests for the cases of wideband report, eNB-configured report, and UE-selected report. For the latter case, we have proposed a simple and effective test to verify the selection of the best M sub-bands.
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