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1. Introduction 

In past meetings, there have been discussions [1][2][3][4][8] regarding the need for applying CQI bias to the reported CQI value in the CQI tests [5] when evaluating relative throughput results. At the last meeting, contribution [7] was submitted proposing a new AWGN test evaluation to remove the need of the UE having to use some bias to reliably meet the AWGN requirement.    In this contribution, we discuss that proposal. 
2. Discussion
In the following discussion, we make some assumptions in order to simplify the description. 

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.
The CQI reporting rule [6] is the following
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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.  In reality, there are always some ‘calibration errors’ resulting in some reporting 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.  
The current AWGN requirement is the following
· BLER(median-1) < 0.1

· BLER(median+1) > 0.1

In [7], it was proposed that the above requirement should be changed to the following:
· If (median+1) is reported more often than (median-1) then 

· BLER(median) < 0.1

· BLER(median+2) > 0.1

· Else

· BLER(median-1) < 0.1

· BLER(median+1) > 0.1

As it was discussed in [7], this solution helps in the cases when the SNR is close to a CQI reporting threshold. 
For example, if SNR=-1dB, the UE might report CQI_1 or CQI_2 with certain probabilities, according to the above assumptions. 
· If median CQI is CQI_1, then median+1 is reported more often than median-1, since median+1=CQI_2 is reported but median-1=CQI_0 is not reported. Then, according to [7], the evaluation levels would be shifted, so BLER(CQI_1)<0.1 and BLER(CQI_3)>0.1 would be tested, which the UE should be able to meet. 

· If median CQI is CQI_2, then median-1 is reported more often than median+1, since median-1=CQI_1 is reported but median+1=CQI_3 is not reported. Then, according to [7], the evaluation levels are not shifted, so BLER(CQI_1)<0.1 and BLER(CQI_3)>0.1 would be tested, which is the same as in the previous case and which the UE should be able to meet. 

The solution in [7] doesn’t consider; however, that it is possible that the UE reports a single value.  In the case of a wideband CQI report in 20MHz LTE, the UE has 1600 CRS RE observations in each 1 ms subframe, assuming 2Tx CRS antenna ports. The expected SNR measurement variation in this case is shown in Figure 1 below. 
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Figure 1 SNR error distribution in 20MHz LTE with 2 Tx antenna ports

As it can be seen in Figure 1, the SNR measurement range can be narrow, so it is possible that the UE would report CQI_1 only in the above mentioned scenario when the SNR is approximately -1dB. In that case, the change proposed in [7] would not apply and the UE could still fail the AWGN requirement since BLER(median+1) could be equally above or below 0.1. 
In addition, the problems identified in the relative throughput tests [1] would still remain because there is a BLER requirement in the tests containing relative throughput requirements, so changing only the AWGN evaluation would not solve the problem.  

3. Conclusions

In this contribution, we studied the solution proposed in [7] for the CQI bias problem.  We reached the following conclusions: 

1. It was not considered that in AWGN conditions, the UE can report a single CQI value even when the SNR is relatively close to a CQI decision threshold, in which case the change proposed in [7] doesn’t apply and the UE might fail the CQI reporting requirement unless a certain reporting bias is implemented. 
2. The tests that contain relative throughput requirements also contain some BLER provisions, to which the AWGN test change anyhow would not apply. 

Based on the above, we recommend that one of the solutions proposed in [1]-[4] should be considered for adoption in [5]. 
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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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