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1 Introduction
In this contribution we pursue the test methodology proposed in [1] to check that the UE is tracking the channel variations and making proper link adaptation to the prevailing channel state. This is verified by looking at the spread of the reported CQI and using a relative throughput metric that is receiver agnostic. We recall the key aspects of this method 
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.
That excessive filtering can actually be captured was shown in [1], an example: the increase of throughput is 37% when the UE is tracking the channel at 5 Hz Doppler (SNR = 0 dB), this increase is reduced to 17% if a 10 ms averaging length of an AR(1) filter is used.  
In this contribution we look at the feasibility of the test methodology by studying the sensitivity of the CQI distribution and the relative throughput to variations of the input SNR. We also supply a text proposal for Clause 9 of TS 36.101. 
2 Impact of input SNR
First a brief recall of the proposed method: the fading test is carried out by using the standard LTE fading channel EPA5 which is flat and has low Doppler for which MCS selection is most relevant. The test procedure is as follows: 
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)
Requirements are then put on 

1. The reported CQI indices below a certain index, (CQI median – 1), should exceed % of all reports (one-sided percentile)
2. The throughput ratio  of (d) to (f) should exceed a certain value
We also use the following “sanity check” (compare the sub-band test discussed in [2])

3. The FRC throughput should not be below a lower bound.
2.1 The distribution of reported CQI index

First we take a look at the sensitivity of the percentile of the CQI reports to variations in the input SNR. For the simulations, we assume a single-antenna transmission mode, 10 MHz bandwidth, no HARQ retransmissions, a high antenna correlation and spectrally flat interference. Figure 1 shows the reported CQI index distributions for SNR ={0.5,1.0,1.5,2.0} dB, and Table 1 the corresponding percentiles of reports below wideband CQI median – 1. Notice that the median changes with SNR.
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Figure 1: CQI index distribution from 0.5 dB (lower left) going to 2.0 dB (see legend).
Table 1: percentile of CQI reports below wideband CQI median -1

	SNR [dB]
	0.5
	1.0
	1.5
	2.0

	
	10
	8
	21
	18


Table 1 displays some variability of the percentile (the CQI granularity is about 2 dB), but is should be feasible to set a test point, around 5% appears reasonable for an SNR = 1.0 dB.

2.2 The throughput ratio

Next we take a look at the impact of variable input SNR on the throughput metric
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The reporting periodicity may also have an impact (periodic reporting on PUCCH 1-0). Figure 2 shows the throughput ratio  as a function of SNR for different reporting periodicities: 1 ms, 2 ms and 5 ms for FDD. The results suggest a ratio above 1.2 for all cases and that the reporting periodicity should be as short as possible.
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Figure 2: throughput ratio as a function of SNR for different CQI reporting periodicity on PUCCH.

3 More details on the test configuration
The requirement on the throughput ratio  could also be satisfied if the denominator is very small. It is therefore suggested to use a lower bound as a “sanity check”. This bound could be expressed as a fraction of the throughput corresponding to the fixed reference transport format, this throughput should be larger than
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with  suitably chosen and TTI = 1 ms. The test would still be receiver agnostic.

Single antenna transmission is assumed and PUCCH 1-0 is the reporting mode. The same basic setup is used for FDD and TDD (for which one can use the same uplink downlink and special sub-frame configuration as in other tests: configuration 1 and special sub-frame configuration 4). 

The suggested reporting periodicity for TDD is 1 ms so that a CQI report is supplied in every available uplink subframe. For FDD the shortest periodicity of wideband CQI is 2 ms.
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 are 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.
4 Text Proposal for FDD and TDD
Finally, a text proposal for the sub-band CQI reporting test cases for FDD and TDD follows (FDD and TDD in separate sections but same here for convenience):

The reporting accuracy of the channel quality indicator (CQI) under frequency non-selective fading conditions is determined by a single-sided percentile of the reported CQI, and the relative increase of the throughput obtained when the transport format transmitted is that indicated by the reported CQI compared to the case for which a fixed transport format configured according to the reported median CQI is transmitted. The purpose is to verify that the UE is tracking the channel variations and selecting the transport format according to the prevailing channel state for frequently non-selective scheduling.   

For the parameters specified in Table 1A/1B, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 2A/2B and by the following 

a) a CQI index below (wideband CQI median – [1]) shall be reported at least  % of the time;
b) the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ ;

c) the throughput obtained when transmitting the fixed transport format configured according to the wideband CQI median shall be at least ∙TBS(wideband CQI median) ∙103 bps.

The transport block size TBS(wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 [36.213] that corresponds to the maximum transmission configuration (Table 5.6-1).
Table 1A 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]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-92]
	[-86]

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	[NP = 2]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	1

	Max number of HARQ transmissions
	
	[1]


Table 1B 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]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-92]
	[-86]

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	[NP = 1]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	0

	Max number of HARQ transmissions
	
	[1]


Table 2A Minimum requirement (FDD)
	
	Test 1
	Test 2
	

	 [%]
	TBD
	TBD
	

	 
	TBD
	TBD
	

	 
	TBD
	TBD
	


Table 2B Minimum requirement (TDD)

	
	Test 1
	Test 2
	

	 [%]
	TBD
	TBD
	

	 
	TBD
	TBD
	

	 
	TBD
	TBD
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