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1 Introduction
This document is a follow-up to [1], in which candidate methods for testing CQI under fading were discussed. The idea is to check that the UE follows the dynamic variations in time so that the link adaptation capabilities are utilized. This could be checked at low Doppler for if variations are faster than e.g. reporting periodicities MCS adaption is less efficient.
The basic idea is to check that the distribution of the reported CQI is wide enough, while the average throughput exceeds a minimum requirement for transmitted TBS configured according the reports. It is proposed to test a flat channel with a full RB allocation (the entire transmission configuration) since sub-band reporting will be tested under static conditions.
2 Fading tests for wideband CQI
The fading test is carried out by using the standard LTE fading channels, in what follows we pick EPA5 which is flat and has low Doppler. Hence only wideband CQI is relevant. The test procedure could look like the following: 
a. Set the input mean SNR to a certain level

b. Let the test equipment configure TBS according to the reported wideband CQI

c. Measure the CQI distribution over a 5 Hz channel, the spread should be sufficient so the UE follows

d. Measure the average throughput during the test time (then also a follow-CQI result for free)

The TBS are configured for the maximum transmission configuration following the UE reports. The reporting periodicity should be suitably chosen, candidate reporting modes are e.g. 
· PUCCH 1-0 (for 1 TX modes or transmit diversity)
· PUCCH 1-1 or PUSCH 3-1 (for 2 TX transmission MIMO modes)
and reporting periodicity e.g. 2-20 ms. The interference should be white and can be averaged over the entire bandwidth, which is relevant for the flat channel of the desired signal. 
The total test time should be chosen such that
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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. 
It is suggested to run the tests for different SNR levels. Figures 1-3 show the resulting distribution for the following scenario
· 10 MHz channel, 50 RB allocation (FDD)

· 1 x 2 antennas, low correlation

· EPA5 channel
· white interference (Noc)
and the eNB following the UE CQI reports; results displayed for three different input SNR, with
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[image: image3]
Figure 1: CQI distribution for SNR = 6 dB.
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Figure 2: CQI distribution for SNR = 8 dB
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Figure 3: CQI distribution for SNR = 12 dB.
Now, in [1] the following type of requirement was proposed (for sub-band and more dispersive channel, replaced by full RB allocation below) 

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 transport format configured according to the reported wideband CQI

B) The throughput should be > Y Mbps.

The spread of the CQI distributions shown above suggests that requirements could be put in this format, the double-sided percentile X% (function of x and y) could be measured outside the region [CQI_median – 1, CQI-median + 1], i.e. outside a 4 dB SNR range. The throughput requirement could possibly be relative, i.e. the follow CQI results should be measured with regard to a fixed reference case, e.g. with the TBS configured according to the reported median.
The side condition (B) could also be expressed in terms of the success rate for the first transmission (ACK), or one could limit the number of HARQ transmissions. 
The CQI reporting periodicity and the relation to Doppler is also of interest. We recall that 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, so the fading test should also include the notion of time (times Doppler). If 5 Hz Dopper is chosen then the reporting periodicity should be about of 20 ms; if a shorter reporting periodicity is chosen then the Doppler frequency could be increased to 70 Hz, which corresponds to about 10 m/s mobile speed at 2 GHz. 
3 Test setup
Summing up, the setup for a single-antenna test case could look like the following (using e.g. PUCCH 1-0)

Table 1 Fading test for single antenna
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	SNR
	dB
	[6]
	[12]
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	dB[mW/15kHz]
	[-102]
	[-102]
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	dB[mW/15kHz]
	[-96]
	[-90]

	Reporting period
	ms
	20 ms

	Propagation channel
	
	EPA5

	Correlation
	
	Low

	Measurement channel
	
	[VRC]

	Max number of HARQ transmissions
	
	[1 or 4]


The minimum requirement looks like:
C) During the measurement period, X% of the reported wideband CQI should be outside the range (CQI_med – [1], CQI_med + [1]) 
D) The throughput should be > Y Mbps.

Table 2 Minimum requirement

	Test 1
	Test 2

	X
	Y
	X
	Y

	
	
	
	


The value X is possibly the same for both test, it may be difficult to differentiate due to e.g. measurement errors.
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