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1. Introduction 

In RAN4 #52bis, a contribution [9] was introduced, proposing a new method for mitigating the negative impact of a CQI reporting bias on the ability to pass the time varying CQI test.  In this contribution we give a brief evaluation of the proposed method.  
2. Discussion
The proposal described in [9] is that if the UE fails the fading CQI test performed based on the current requirement description then the test can be repeated with a 0.5dB increased average SNR operating point. We implemented this method in a spreadsheet, which was presented earlier in [7].  The addition, according to [9], was a shift of the SNR operating point. There are nine worksheets, corresponding to -0.3dB, -0.2dB, -0.1dB, 0dB, 0.1dB, 0.2dB, 0.3dB, 0.4dB and 0.5dB SNR operating point offsets. These are titled SNR -0.3, SNR, -0.2, …, SNR +0.5, respectively. 

We repeat the general description [7] of the methodology of the spreadsheet here. 

We make the following assumptions: 

1. We assume that the input SNR is in the range of approximately [-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. +0.3dB 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. 
In an implementation of the CQI measurement and reporting, the UE is expected to follow the CQI definition [6] copied below.
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. 
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 is the following:

· 
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We will call the CQI quantization according to the above rule ideal quantization with zero bias. 
2.1.  Allowed reporting bias
As it was described earlier [7], the UE must use a positive reporting bias. This be can again observed in the spreadsheet by noting the fact that the average BLER for the 0dB reporting bias case is 0.1%, which fails the >5% BLER requirement.  

On the other hand, 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 +0.3dB, +0.5dB, +0.7dB).  
In all cases, except one, the median CQI is CQI_2. The throughput corresponding to CQI_2 is calculated in cell N96 in the attached spreadsheet.  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
	+0.3 dB
	+0.5 dB
	+0.7 dB

	SNR offset (dB)
	-0.3
	38.11
	28.87
	17.77
	5.01

	
	-0.2
	36.54
	28.55
	16.42
	4.04

	
	-0.1
	35.56
	29.00
	17.42
	4.41

	
	0
	36.85
	29.18
	17.75
	4.95

	
	0.1
	35.08
	28.03
	15.98
	4.18

	
	0.2
	34.22
	27.07
	15.24
	3.49

	
	0.3
	33.85
	26.31
	15.40
	3.49

	
	0.4
	32.81
	25.45
	14.54
	3.17

	
	0.5
	32.54
	25.91
	14.86
	49.39


Table 1  Relative throughput results
The data captured in Table 1 is shown in Figure 1 below also. 
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Figure 1  Impact of SNR offset on relative throughput
As it can be seen from Figure 1, the relative throughput curves are substantially flat over the 0.8dB SNR offset interval simulated.  The upward slope shown at the +0.5dB SNR offset point for the +0.7dB reporting bias case corresponds to the change in median CQI (from CQI_2 to CQI_3 in this case).  
We observe that if the initial offset happens to correspond to the -0.3dB…-0.1dB SNR points in Figure 1, the 0.5dB offset addition would not help in passing the test.  

Therefore, we conclude that if there is a problem with meeting the CQI fading test then in certain cases the proposal given in [9] will not resolve the issue. 

2.2. Allowed reporting bias region

We assume here that the AWGN test restrictions can be ignored (which is not the case currently but there are separate proposals [10][11] to address that problem). 

The current requirement definition in [5] has two requirements, a minimum BLER and a minimum relative throughput requirement. These are depicted in Figure 2 below. 
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Figure 2  CQI Reporting Requirements

With further tests based on the spreadsheet, we observed that in order to meet both requirements of the current CQI fading test definition, the following boundaries should be met

· In order to meet follow-CQI  BLER >5%,  a CQI reporting bias of at least 0.2 needs to be implemented

· In order to meet relative throughput gain >10%,  a CQI reporting bias no more than 0.6 needs to be met
These can be checked by changing the reporting bias values in cells B2, C2, D2, E2 in each of the worksheets.  

Therefore, the CQI reporting bias interval is 0.4dB wide.  

Because all the evaluation was with  

a) Noise free CQI estimation   

b) Perfect CQI-to-BLER map knowledge by the UE, 
The results are somewhat optimistic; and based on that, we feel that having a 0.4dB bias tolerance is not sufficient. 
3. Conclusion
In this contribution, we studied various aspects of the CQI reporting bias.  We observed that in order to attain adequate performance in the fading CQI test, a positive reporting bias (0.2 dB … 0.6 dB) should be implemented compared to the zero bias (truncation) reporting case.  This is with ignoring any constraints represented by the AWGN requirement.  
We evaluated the relative throughput gain corresponding to various SNR operating point offsets and found that the potential failure cases would not be resolved by the SNR offset method proposed in [9]. 
Based on the above, we propose to allow a CQI offset [12], as opposed to an SNR offset, in meeting the requirement.  The applied CQI offset could be less than the CQI quantization step (e.g. it could be an approximate 1dB TBS step) as was proposed by other companies at RAN4 #52b. We recommend that these options should be evaluated.    
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