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1 Introduction
This document is a follow-up to [1] in which a test based on the spread of the CQI reports and using a side condition to verify that the UE actually follows the channel variations. We recall that the purpose of the test should be to check that the UE is tracking the channel variations in conditions where adaptation of MCS selection is most relevant, i.e. low speed. Here we propose to modify this procedure slightly: 
1. still using a standard 3GPP fading channel, but check the spread of the reported CQI using a one-sided rather than a two-sided percentile
2. put a side condition (additional requirement) on relative rather than absolute throughput for a given DUT (Device under Test) between follow-CQI and a fixed TBS according to median reported CQI; this to reduce the impact of different channel estimation algorithms between different UE(s) observed in the demodulation tests.  

If an absolute throughput requirement is used this will ultimately be based on an average between results from many companies using different receiver implementations and with and appropriate margin added on top. A DUT with sufficiently good performance may thus pass the test without actually tracking. A relative test, on the other hand, is relevant for each receiver implementation (e.g. channel estimator).  

The test as outline above is actually follow-CQI test as it should be. If the UE is not following, or if excessive averaging in the reporting process is applied, then it will be difficult or impossible to meet the relative throughput requirement. Checking the definition (10% BLER) under fading conditions, on the other hand, appears less useful since the reporting can be adapted to maintain a 10% BLER. This is necessarily not optimal for the throughput and not an indication of the tracking capabilities. Hence BLER not a suitable test criterion, and the throughput is more obvious from a system and user performance perspective. 
Key aspects of the proposed method are
1. that the test is verifying that the UE follows the channel variations under “realistic” and relevant conditions – 3GPP fading models are used but these are of course still models –  for which MCS/TBS adaptation is appropriate, i.e. low speed
2. a clear relationship between the minimum requirement (increase of throughput by tracking the channel) and user performance in a live network
3. that excessive averaging of CQI reports (or equivalent) will result in a failed test, or at least a lower throughput if only moderate averaging is applied.
Below we assume a SIMO setup with periodic PUCCH 1-0 as the reporting mode.
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 for which MCS selection is most relevant. The frequency selectivity test can be covered in a separate sub-band test. Hence only wideband CQI is relevant. To verify the tracking ability high correlation should be chosen since the variability of the combined signal is large.

The test procedure could look then like the following: 
a. Set the input mean SNR to a certain level

b. Let the test equipment configure (varying) 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 (follow-CQI)
e. Let the test equipment configure a fixed TBS according to the reported median wideband CQI according to c.
f. Measure the average throughput (FRC)
The requirement is put on 

1. The reported CQI indices below a certain index, (CQI median – Z), should exceed X% of all reports (one-sided)
2. The relative throughput increase from f. to d. should be at least Y%
If the UE is not accurately tracking the channel the relative throughput requirement will not be met. In Figure 1 the reported CQI statistics with minimum reporting periodicity is shown in an FDD case for EPA5 for which the UE is expected to follow. No HARQ retransmissions are used (max one HARQ transmission, i.e. NDI in all sub-frames) to focus on the MCS adaptation; single antenna transmission, high correlation and 10 MHz channel bandwidth are furthermore assumed.
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Figure 1: CQI distribution at SNR = 0 dB for EPA5

The throughput for follow CQI is about 4.8 Mbps, but reduced to 3.5 Mbps when the TBS is chosen according to the reported median CQI in Figure 1 (index 4), i.e. a 37% increase by tracking the channel. These results assume realistic channel estimation but the receiver is otherwise ideal. Filtering will reduce the follow-CQI throughput but there is still a gain compared to the fixed TBS selection: if a 10 ms AR(1) averaging length is used then the follow-CQI throughput is reduced to 4.1 Mbps, a mere 17% increase (channel coherence time still large compared to the filter length). Hence excessive filtering can be penalised with a suitably chosen relative throughput requirement (Y% above).
For SNR = 12 dB the corresponding throughput figures are 19.6 Mbps and 14.4 Mbps for follow-CQI and FRC, respectively (35% throughput increase). For SNR = 6 dB the increase is 40%. Hence we note a similar throughput increase as for the 0 dB case (the CQI characteristics more “linear” than WCDMA). 
If we increase the Doppler frequency at a fixed minimum reporting delay (6 ms) then the reported CQI will be outdated and do not properly reflect the prevailing channel state. Figure 2 shows the CQI distribution for EPA70 with a 6 ms reporting delay at SNR = 0 dB. The follow CQI is 2.6 Mbps while a throughput of 3.5 Mbps is achieved with the TBS configured according to the median CQI. Hence the throughput is decreased compared to the FRC case if the UE reports do not reflect the prevailing channel state for the TB scheduled for transmission.
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Figure 2: CQI distribution for SNR = 0 dB for EPA70
For 70 Hz Doppler, use of filtered CQI reports will also be clearly evident in the reported CQI statistics for plausible averaging lengths, now comparable to the channel coherence time. Figure 3 shows the results with a CQI averaging length corresponding to about 2 frames. The throughput following the reports is actually be slightly increased (only adaptation by MCS selection) and approaches the FRC result as the averaging length increases but is still smaller. However, filtering may be equally well checked using the 5Hz Doppler case and an appropriate requirement on the relative throughput increase as described above.

[image: image3]
Figure 3: CQI distribution with filtering for EPA70 at SNR = 0 dB
Notice that the average BLER in these results are > 10% in these fading conditions. However, the TBS selection can be adapted so that an average 10% BLER is achieved for all cases above, even if the UE reports do not actually reflect the prevailing conditions such as in the 70 Hz case. This BLER adaptation has some impact on the distribution but is necessarily not always beneficial for system and user performance in terms of increased throughput. Hence a 10% BLER criterion is not in itself suitable as a test criterion to verify the tracking capability. 
We note that the reporting periodicity above is the shortest possible (2 ms) and that the results are shown for different input SNRs defined by
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3 Proposed test setup
We propose to verify the CQI reporting under fading conditions using a single-antenna transmission mode and PUCCH 1-0 as the reporting mode. Other modes are not precluded if tests deemed necessary. The test case could be run for two different SNR levels, but perhaps not using 0 dB as a test point as in the example above, this to make sure PDCCH is correctly decoded in the test. The interference is spectrally flat.
A suggested framework for a text proposal for both FDD and TDD is shown in what follows. Some indicative numbers for the requirements are given based on the FDD simulation results presented above.
Minimum requirement

For the parameters in Tables 1 and 2 the requirements are specified in terms of a percentile of the CQI reports and the increase in the throughput when transmitting at varying transport formats following the reported CQI and using a fixed transport format according to the CQI median, respectively. 
Table 1 Fading test for single antenna (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	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
	[2] ms

	Reporting mode
	
	PUCCH 1-0

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Measurement channel
	
	[VRC]

	Max number of HARQ transmissions
	
	[1]


Table 2 Fading test for single antenna (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	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
	[>2] ms

	Reporting mode
	
	PUCCH 1-0

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Measurement channel
	
	[VRC]

	Max number of HARQ transmissions
	
	[1]


The minimum requirements are specified in Table 3 and by the following 
A) During the measurement period, X% of the reported wideband CQI should be below (CQI median – [2])
B) The relative throughput difference between the cases for which the TB configured according to the reported CQI and the fixed TB configured according the reported median CQI should be +Y%
Table 3 Minimum requirement 
	Test 1
	Test 2

	X [%]
	Y [%]
	X [%]
	Y [%]

	[5]
	[25-40]
	[5]
	[25-40]


The value X is possibly the same for both tests (and for FDD and TDD since the product between the Doppler frequency and the frame duration is small). 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. 
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