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1 Introduction
In this document we consider methods for testing CQI under fading conditions. The aim of these tests is to verify that
· The UE follows the dynamic variations in time (wideband reports) and frequency (sub-band) so that the link adaptation capabilities are utilized and excessive CQI averaging is avoided
· relevant for lower-speed scenarios where reporting delay will not be too large and reasonable to track the channel variability accurately by means of MCS adaptation

That the UE follows the CQI definition is checked in the static tests.
The problem of the WCDMA fading tests (Section 9.3 of [1]) is that the UE could employ excessive filtering and still pass the tests. In the test the transport format used for transmitting HS-DSCH corresponds to that of the CQI median obtained from the CQI statistics of the UE under test. Due to varying radio conditions or fading (case 8 in the test) the reported CQI will vary. At the reported CQI median +3, the observed HS-DSCH BLER should be lower (<15%) compared to that observed at CQI median (<60%). However, the major problem of this test is that there is no notion of time (only on collected samples). Thus a UE performing long term averaging would report CQI value with a narrow distribution. In the long run it’s more likely that UE is able to report different CQI values and thus still pass the test.
To resolve this problem it is proposed to check the variability if the reported CQI distribution subject to side conditions on follow-CQI throughput and put a limitation on the test time with regard to the Doppler frequency. If not feasible, one may have to apply some artificial variation in time. 
2 Fading tests for sub-band CQI
The main objective of CQI reports is to facilitate channel dependant scheduling and fast selection of adaptive modulation and coding scheme at the eNode B. From network performance point of view, long term CQI filtering at the UE is therefore undesirable. To this end, the fading test should capture the variability of the reported CQI for a certain fading channel, and also include the notion of time (times Doppler) to address the CQI filtering. 
First, we just take a look at a typical variability for a low-Doppler channel. Figures 1 and 2 show the distribution of the reported CQI observed for each sub-band over time in the following cases:
· Sub-band size: 6 RBs - each band correspond to one colour in the histograms
· Interference averaging bandwidth: 5 RB and 50 RB

· Channel: EVA5

· SNR: 6 dB - but the histograms look about the same (but shifted) for other values
The applied interference is flat so the graphs display the variability on the wanted signal.
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Figure 1: Reported CQI for 50 RB interference averaging.
                            
[image: image2]
Figure 2: Reported CQI for 5 RB interference averaging.
Comparing the figures, there is a somewhat larger spread for the smaller interference averaging bandwidths which is not surprising. However, the difference between 5 and 50 RB is not large.
The idea is to check spread of CQI distribution so that requirements could look like:
A) For given propagation condition, the reported CQI indices shall be outside a range (CQI_median – x, CQI-median + y) during at least X% of reporting instances taken over all sub-bands 
B) Sub-band transport format configured according to the reported CQI

Now, this would be combined with a throughput requirement (we then get a follow-CQI test for free), where the test equipment follows the reported CQI given a certain (mean) SNR of the input signal. This would make it more difficult for UEs that apply a certain type of filtering that do not ask for the requisite TBS. Note, however, that this throughput test in itself is not sufficient to prevent excessive CQI averaging.

C) The throughput should be > Y Mbps.
The reporting mode could be e.g. PUSCH 3-0 with reports configured in a suitable period.
3 Fading tests for wideband-CQI

To test the filtering in time domain one could use a flat propagation channel like EPA5 over a smaller bandwidth, say 5 MHz. To prevent excessive CQI filtering, the notion of time w r t the Doppler frequency (coherence time of the channel) must be considered. For the WCDMA tests some UEs report a very narrow CQI distribution due to filtering so it takes a long time to collect the required number of samples at CQI median + 3 (for which there is a 15% BLER requirement) [2]. 
Now, one way could be to limit the test time while still requiring a certain spread of the reported CQI, e.g.
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with the constant C suitably chosen for the Doppler frequency fD. Furthermore, C  is chosen to ensure statistical confidence for estimating the CQI distribution in its entirety, i.e. enough samples, but not necessarily the requisite number of measurement samples needed at two distinct levels as for WCDMA (to check BLER requirements at CQI median and CQI median + 3, respectively).
Otherwise one probably has to resort to some artificial variation in time (like the variations in frequency for static sub-band reporting as proposed in [3]). 
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