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1 Introduction

After RAN4 had discovered some problems with the definition of CQI in RAN4’s #24 meeting in Helsinki, an LS was sent to RAN1 asking for clarification, see [1]. During the RAN WG1#28 meeting, RAN1 has discussed the issue of refining the definition of CQI. RAN1 came to the conclusion that the existing CQI definition was not appropriate. As a consequence the CQI definition was modified, see [2]. With this modification, the ambiguities and the possible misinterpretations that RAN4 had identified were resolved.

Based on RAN1’s new CQI definition, several companies have produced simulation results according to the VRC testing approach described in [3]. Looking at the obtained results in [4],[5],[6],[7],[8] and considering that the purpose of the VRC testing is to verify accurate CQI reporting, it becomes obvious that the current approach for VRC testing cannot meet the goal of assessing that a UE is reporting accurate CQI values and each UE implementation is using the same interpretation of what the CQI value means. In particular, the current VRC testing approach cannot verify whether a UE is generating CQI reports that are in line with RAN1’s new definition of CQI. Therefore a new testing approach is needed for the purpose of verifying CQI reporting accuracy.

2 Problem

The new CQI definition provided by RAN1 is as follows:

“Based on an unrestricted observation interval, the UE shall report the highest tabulated CQI value for which a single HS-DSCH sub-frame formatted with the transport block size, number of HS-PDSCH codes and modulation corresponding to the reported or lower CQI value could be received in a 3-slot reference period ending 1 slot before the start of the first slot in which the reported CQI value is transmitted and for which the transport block error probability would not exceed 0.1.”

RAN1’s current understanding is that the transport block error rate of 0.1 is met given that:

1) The radio conditions reflected by the CQI report remain unchanged, and

2) Received HS-DSCH data is assigned with a transport format which corresponds to the statistical median of all reported CQI from an UE under static channel condition.

As indicated in the updated description of the definition, the reported CQI corresponds to an instantaneous radio condition that represents 3-slot time duration (2msec) ending 1-slot prior to the transmitted CQI.  

Now looking at the current VRC testing approach, we identified a few problems in verifying that the UE respects this definition of CQI:

· At low speeds (3 kmph), when the variation of the channel state is rather slow, the VRC testing approach only verifies that the long-term average of the reported CQI is matching the actual channel state. For such a fading scenario it is not possible to assess whether a UE is actually using excessive averaging to generate CQI reports.

· Because of the rather long delay between the 3-slot reference period for determining the CQI report in the UE and the time when the Node B emulator has to schedule the corresponding transport format (7.5 is assumed in the simulations), the throughput results for medium speeds (30 kmph) become rather independent of the reported CQI. As a matter of fact the same or even better throughput could be achieved if the Node B emulator instead of obeying the CQI reports of the UE scheduled just a fixed transport format. Therefore the VRC testing at 30 kmph can also not verify whether a UE is generating the correct CQI. For an example on how the fixed scheduling of a transport format could outperform the adaptive scheduling at 30 kmph based on the CQI reported by the UE, see the following section.

· Neither the length of the time period used to determine the CQI report nor the relative delay with respect to the transmission of the CQI can be verified by VRC tests at low speeds and medium speeds. A UE that uses excessive averaging and more delay that 1 slot between measuring the channel quality and transmitting CQI would pass tests based on the current VRC approach. In some cases, such an faulty implementation would even result in higher throughputs than a correct implementation.

· In case of excessive averaging, a very important piece of information would be missing at the Node B scheduler: The observable channel variations. If the Node B collect statistics of the CQI reporting of UEs, it can much easier decide whether any particular UE is in rather static channel conditions or in a faster fading condition. Based on this information the Node B scheduler can decide if and how to schedule an UE. Are the CQI reports showing a large variance, the Node B scheduler would probably be better off if it decides to schedule a transport format that corresponds to the long-term average of the reported CQI or even an a-priori determined, fixed transport format.

In summary, we believe that the current approach for VRC testing is not an appropriate means to assess whether a UE is respecting the CQI definition that RAN1 has provided. 

3 Example

The throughput simulation result for the case of VA30 with 0 dB geometry at an Ec/Ior value of –7 dB that is part of the results presented in [8] is 160 kbps. Results from other companies are very similar for that combination of geometry and Ec/Ior, see [4],[5],[6],[7]. If the Node B would actually not schedule the transport format according to the CQI reported by the UE, but instead would schedule a fixed transport format (GTF, generalized transport format) the resulting throughput would be as depicted in the following figure. Note that the GTF value is equal to the corresponding CQI index for that transport format according to the CQI mapping table:
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It is obvious that a higher throughput than 160 kbps could be obtained by just scheduling GTF 7 (228 kbps). Even for GTF 5, 6 and 8 the resulting throughput would be better than 160 kbps. This result is also representative for other combinations of geometry and Ec/Ior.

4 New testing approach

In order to verify the correct reporting of CQI, a new testing approach is needed. Actually for the purpose of verifying the correct CQI reporting it is not really necessary to change the transmitted transport format in an adaptive way. This could also be done with a fixed transport format. The basic outline of the testing approach would be as follows:

· Assume that the Node B emulator always transmits a particular transport format, irrespective to the reported CQI, with no re-transmission. 

· The Node B emulator would assign each transmitted packet to the CQI that was reported from the UE closest in time to the transmission of the packet. 

· For each CQI k that was reported, the probability of a packet error shall be no greater than X(k), where X(k) is determined from simulations. The Node B emulator would just have to collect the statistics of good and bad packets separately for each CQI value instead of a global statistics over all CQIs. 

· The combined throughput calculated from the percentage of reporting specific CQIs and their corresponding block error rate needs to be above a certain throughput level. This will also be determined by simulation

To elaborate a bit more on this last item:  The throughput termed “combined throughput”, would be the sum over all the incremental throughputs that each reported CQI would have contributed, had the Node B emulator scheduled that CQI. This quantity could be calculated from the percentage of occurrence of each reported CQI and the CQI-specifc PER according to
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This seems to be quite simple and much more along the lines of the already agreed FRC tests. This test could be repeated over a few selected transport formats of interest.  The test shall be effective at any speed range. A UE will then be forced to 

· honestly report the CQI it sees and could not play any tricks with excessive averaging since the BLER limits would not be met

· The UE could not report too conservative CQI values, since the combined throughput limit would not be met

· The UE would be force to generate the CQI report for the correct 3-slot reference period without additional delays, otherwise the BLER limits would not be met.

The goal of this method of test is to ensure that the UE sends CQI values that accurately describe the channel state during the reference period that RAN1 has defined. This behaviour of the UE should be independent of speed. The main advantages we see with this test procedure are:

· Correct reporting according to RAN1’s new definition of CQI would be assessed.

· Irrespective of what delay would eventually be used in the infrastructure, all UEs would behave the same.

· Tricks like excessive averaging  (i.e.impementations  that are optimised for very low speed), applying large margins etc. would be discovered.

· Assesses accurate reporting of CQI without making any assumptions on delays between CQI reporting and HS-DSCH transmission.

· Discussions on what are reasonable delay assumptions for the Node B emulator are not needed.

·  No MCC function needed in Node B emulator. This simplifies test equipment

The following figure depicts exemplary simulation results generated according to this scheme of testing for VA30, Ec/Ior=-8 dB, geometry 0 dB and GTF=7:
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In this simulation it was assumed that the UE is either generating the CQI reports in line with RAN1’s definition (blue curve, delay=0) or introduces some additional delay of 2 or 4 TTIs (red and green curve). This demonstrates how this test would discover such improper UE behaviour. Similar changes of the BLER curves occur when the UE is using excessive averaging and biasing of the CQI report.

5 Conclusion

It has been demonstrated that the current approach of VRC testing cannot meet the goals to make sure that

· a UE is reporting accurate CQI values in line with RAN1’s CQI definition 

· each UE implementation is using the same interpretation of what the CQI value means.

A new testing approach has been described and exemplary simulations results have been presented.

It is suggested that RAN4 is considering this new testing approach and works towards defining more details on it (e.g. number of GTFs needed). It is further suggested not to base any performance requirements in 25.101 on the current approach of VRC testing.
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