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1 Introduction

In order to make the LTE system workable, testable CQI methods should be defined. The definition of HSDPA CQI to indicate TBS is one good example to take into account the testability including the difference of UE performance. In this document, we examine the testing aspect of CQI for LTE. 
2 Discussion
2.1 CQI test method
We see two CQI test methods. One is based on the throughput combining the indicated CQI and the subsequently assigned DL-SCH resources. The other is to evaluate the BLER of assigned DL-SCH directly. The latter was used for HSDPA testing as can be seen in TS 25.101 in section 9.3. Following is copied from the AWGN test:

The reported CQI value shall be in the range of +/-2 of the reported median more than 90% of the time. If the HS-PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI +2) shall be greater than 0.1. If the HS-PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI -1) shall be less than or equal to 0.1
We think throughput based CQI test does not work well for either HSDPA or LTE. The reasons are
· The difference of receiver performances are difficult to separate from the CQI accuracy. For example a poor CQI estimation performance coupled with a good UE receiver may result in a similar throughput performance as a good CQI estimation method coupled with an ordinary receiver. For better system performance, a good CQI performance should be ensured regardless of the UE receiver performance.
· The throughput could not check whether 10% BLER is used or not for the UL CQI report. Throughput results vary according to how aggressively/conservatively the reported CQI value is determined because it also affecteded by the number of the transmission. An aggressive CQI report or conservative CQI report strategy could result in better throghput than a target 10% BLER strategy for the CQI.

Therefore, we assume the CQI test for LTE is based upon an evaluation of assigned DL-SCH fullfilling a 10% BLER, although we are looking for other alternatives and the final decision would be the responsibility of RAN4.

In our understanding, the reference period definition is used for the period where BLER of DL-SCH is evaluated.
2.2 Testing of frequency-selective CQI reports

Regardless on which channel a CQI report is transmitted, the frequency-selective report is either a UE-selected or a eNB-configured report. While generally we need to consider testing for all different antenna transmission modes, for simplicity we will focus in the following on the single Tx antenna case, where no RI or PMI is part of the feedback.

According to the discussion on section 2.1, we assume CQI test is evaluating the BLER of a subsequent DL-SCH.  The eNB-configured CQI report should be possible to test in a rather straightforward fashion, since the DL-SCH for the evaluation of the CQI test can be assigned directly according to the CQI report. There is no inconsistency between assigned DL-SCH and reported CQI frequency range.

For the UE-selected CQI report, the information to be tested should be two-fold: On the one side, the accuracy of the reported CQI levels for the reported subbands should be tested similar for the eNB-configured reports. However, it should also be tested that the UE selects subbands that are preferred for scheduling. One possible creiterion may be to prefer subbands that are better than the average to some extent. Another criterion may be whether the best subbands are selected or not. Through the definion of the test, the accuracy of the "UE-selected" subbands and respective values should be checked. As we see that a realistic radio channel like a fading channel may be difficult to test with respect to which subbands are reported, the kind of chosen "artificial" channel needs some discussion.
2.3 Aspects of testing for PUSCH and PUCCH reports

It should be obvious that part of the testing is that the UE uses the correct PUSCH or PUCCH resources for its reports. However the more crucial point regarding testing efforts and complexity are the different parameters and definitions regarding the UE-selected reports; in other words, we look at testing of the CQI content.

As for the reports configured for PUSCH, we may firstly note that testing the CQI content is independent whether the configured report is periodic PUSCH or aperiodic PUSCH. We think that an aperiodic CQI test would be based on a periodic assignment of PDCCH, i.e. with a set CQI trigger bit, activating the aperiodic CQI. The difference for testing both reports is whether a PDCCH is always necessary or not, which is of rather trivial side of the difference of main complexity of CQI test. From that point of view, the removal of periodic PUSCH reports does not reduce the number of e.g. radio channel scenarios that would be part of the testing procedure. This applies to both the UE-selected and the eNB-configured CQI reports.

Looking at the UE-selected CQI report used for PUSCH and PUCCH, we can note that the content differs so much that in our opinion the testing of these two reports needs to treat them as completely independent ways of reporting CQI, particularly due to the concept of cycling through the bandwidth parts for the PUCCH report.
2.4 Aspects for PDCCH power control and MBSFN subframe
Again, according to the discussion on section 2.1, we assume the CQI test is evaluating the BLER of a subsequent DL-SCH. This implies further two aspects regarding PDCCH power control and CQI report on MBSFN subframe.

RAN1 has discussed that PDCCH power control/MCS selection are essential to fully utilize the control resource. The assumption here is CQI can be used to derive the necessary power/MCS selection. If the CQI test is only evaluating the BLER of the DL-SCH part, it would be difficult to check whether a UE takes into account the radio condition of the PDCCH region. If the interference situation is different between the PDCCH region and the DL-SCH region especially in a synchronized network, to take into account the PDCCH region could actually lower the observed BLER of a DL-SCH for the CQI test. How to take the PDCCH region into account for the test requires more discussion.

In an MBSFN subframe, only the PDCCH region contains cell specific RSs. Although we have assumed that the CQI for an MBSFN subframe is also transmitted in the corresponding uplink subframe, we need some discussion on how to test the CQI accuracy of MBSFN subframes because no DL-SCH is transmitted in MBSFN subframes, which means that it is not possible to check the BLER of DL-SCH. 
2.5 Other aspects for consideration

In the past, it appears that the main metric for looking at the merit of a CQI report was to check the downlink throughput performance making more or less idealistic assumptions, like periodic reporting even for aperiodic reports, and abstractions common to system simulations like simplified path loss models and channel measurement errors. While many of these are justified to have a manageable simulation environment, the deficiencies of those models should be kept in mind.

We would like to point out particularly that configuration, reconfiguration, allocation and deallocation costs in terms of required control signalling, and error resilience of the reports are metrics that are not easily tangible by numbers, but still should be reflected in the decision process.

3 Summary

We discussed the testing aspect of CQI for LTE. We think that the testability is one of the key points for defining the CQI reports, in addition to the system performance and complexity aspects. We observed the following.

· A CQI test can be based on the evaluation of assigned DL-SCH fullfilling a 10% BLER similar to HSDPA.

· An accuracy test of "UE selected" is necessary regardless whether it is applicable to PUCCH or PUSCH for frequency selective CQI.

· The main difference between the tests may not be whether the report is periodic or aperiodic.
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