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1. Introduction 

In past meetings, there have been discussions [1][2][3][4] regarding the need for applying CQI bias to the reported CQI value in the CQI tests [5] when evaluating relative throughput results. In this contribution, we give further background to that proposal.  The data provided in this contribution was derived in an excel sheet, which is included as an attachment. 
2. Discussion
In the following discussion, we make some assumptions in order to simplify the description but which should not restrict the generality of the discussion. 

1. We assume that the input SNR is on the range [-5dB; +3dB]

2. We assume that the CQI reference TBS formats 10% BLER points are at +3dB, +1dB, -1dB, -3dB, -5dB, following a precise 2dB quantization step size, for the reported CQI values of CQI_4, CQI_3, CQI_2, CQI_1 and CQI_0, respectively.
3. The BLER values for CQI_4 through CQI_0 are shown in columns I, K, M, O, Q in the attached spreadsheet.  

4. We assume the following SNR estimation bias cases for the UE:

a. 0dB bias (perfect estimation)
b. -0.5dB bias

c. +0.5dB bias

d. +0.7dB bias

Note that it shouldn’t matter whether the bias is a result of SNR estimation error or BLER estimation error, the resulting CQI feedback is the same.  
For simplicity, we assume that the quantization step size used by the UE is precise but there is a constant offset applied uniformly over the SNR range resulting in a constant bias. 
2.1.  CQI Decision thresholds and CQI bias
In an implementation of the CQI measurement and reporting, the UE is expected to follow the CQI definition [6] copied below. 

[image: image1]
In a static condition, assuming perfect SNR measurements and BLER estimation by the UE, the SNR quantization should be truncation in order to follow the definition above.  
For example, if the 10% BLER points are the following:

· CQI_4:  10% BLER @ 3dB SNR

· CQI_3:  10% BLER @ 1dB SNR

· CQI_2:  10% BLER @ -1dB SNR

· CQI_1:  10% BLER @ -3dB SNR

· CQI_0:  10% BLER @ -5dB SNR

Then, the decision rule should be the following:

· 
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We will call the CQI quantization according to the above rule ideal quantization with no bias. 
There are a couple of problems with this approach as will be described next. 
2.2.  Problems with quantization without bias
2.2.1.   Failing the AWGN test

If a UE follows the no bias quantization rule (i.e. truncation) then the performance in the AWGN test will be marginal or failing.  Assume, for example, that the measured SNR is 0.99 dB.  Then, according to the description in Section 2.1, the UE will report CQI_2.  When the eNB simulator transmits TBS corresponding to CQI_2, the BLER will be close to zero because the input SNR (0.99 dB) is 1.99 dB higher then the 10% BLER corresponding to CQI_2 (-1 dB).  Following the test procedure, the eNB simulator would transmit TBS corresponding to CQI_3 next.  But the BLER corresponding to CQI_3 at 0.99 dB is approximately 10%, therefore the BLER(CQI_3) > 10 % requirement would be just as likely failed as satisfied. 
We can conclude that at certain input SNR levels, the UE with zero reporting bias would fail the AWGN test with close to 50% probability. 

2.2.2.   Lower than expected BLER in fading
We evaluated the average BLER in a fading scenario.  We assume EPA5 channel and two receive antennas.  Columns F and G in the attached excel sheet give the CDF and probability, respectively, of the input SNR values listed in column A.  The probability and CDF is also shown in Figure 1 below.  
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Figure 1  Probability and CDF of the input SNR values corresponding to a EPA channel

With the given EPA5 SNR distribution, the reported CQI values are shown in column T in the attached spreadsheet assuming a UE that reports with zero bias.  The resulting average BLER under EPA5 fading conditions is calculated in cell V93 in the attached spreadsheet as
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A 1.2% average BLER is clearly too low to exploit any HARQ gains, resulting in link efficiency loss.  

We can conclude that the zero reporting bias is not beneficial from the perspective of maintaining good link efficiency. 

2.3.  Ideal CQI bias
Based on the problems explained in Sections 2.2.1 and 2.2.2, the theoretical zero bias reporting should be avoided by the UE.  

In order to achieve adequate AWGN test performance, the UE should use a +0.5dB … +1dB bias in the CQI reporting.  It was also shown that a positive bias is required for a target first transmission BLER higher than 1.2 %. 

2.4.  Relative throughput with positive reporting bias
As it was explained, it is desirable that the UE uses a positive reporting bias.  It was shown earlier [1][3] that a positive reporting bias results in a the reduction of the relative throughput gain when comparing follow-CQI to median CQI throughput.  

We evaluated the relative throughput for the four CQI reporting bias scenarios (0dB -0.5dB, +0.5dB, +0.7dB).  The median CQI for each of the four bias cases is CQI_2.  This can be verified as follows.  The CDF value closest to the 50% value is in cell F37 in the attached spreadsheet.  The SNR values read in row 37 in columns B through E, corresponding to the four example bias values, are -0.2dB, -0.7dB, +0.3dB, +0.5dB, all of which maps to CQI_2 according to the mapping rule described in Section 2.1. 

The throughput corresponding to CQI_2 is calculated in cell N96 in the attached spreadsheet as 307.7 kbps.  For this, and for the remaining calculations, the following hypothetical data rates were assumed: 
· CQI_4: 1 Mbps (cell
· CQI_3: 631 kbps (cell 
· CQI_2: 398.1 kbps (cell
· CQI_1: 251.2 kbps (cell 
· CQI_0: 158.5 kbps (cell 
Note that since we want to calculate relative throughput, the absolute throughput values are not relevant; it is sufficient to ensure that the ratio between adjacent CQI values is 2dB, consistent with the SNR step size of 2dB.
The calculated relative throughput values are summarized in Table 1 below. 
	
	CQI Reporting Bias

	
	0 dB
	-0.5 dB
	+0.5 dB
	+0.7 dB

	Follow-CQI throughput (kbps)
	393.2
	353.4
	338.3
	301.6

	Follow-CQI throughput cell  in excel sheet
	X93
	AC93
	AH93
	AM93

	Median CQI throughput (kbps) 
	307.7
	307.7
	307.7
	307.7

	Median CQI throughput cell  in excel sheet
	U98
	Z98
	AE98
	AJ98

	Relative throughput gain
	28 %
	15 %
	10 %
	-2 %

	Relative throughput gain cell in excel sheet
	X98
	AC98
	AH98
	AM98


Table 1  Relative throughput results
As it can be seen, from Table 1, for the +0.5 dB and +0.7dB reporting bias cases, the relative throughput gain is small, in the +0.7dB bias case, actually a throughput loss occurs. 
3. Conclusions

In this contribution, we studied various aspects of the CQI reporting bias.  We observed that in order to attain adequate performance in the AWGN CQI test, a positive reporting bias (0.5 dB … 1 dB) has to be implemented compared to the zero bias (truncation) reporting case.  
We evaluated the relative throughput gain corresponding to various reporting bias cases and found that for the positive reporting bias, the throughput gain is small or even negative. 

The calculations used for the results presented in this contribution are provided in an excel sheet so that they can be easily verified.  

We recommend that based on these observations, the relative throughput tests incorporate a bias value or alternatively, the relative throughput gain requirement should be set to a low level, e.g. -10 %. 
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Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:


A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CQI reference resource, could be received with a transport block error probability not exceeding 0.1. 
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