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1 Introduction
In this contribution we attempt to clarify the UE procedure when the dynamic range of the subband CQI feedback is exceeded.  Subband CQI feedback is defined relative to the wideband CQI, with a maximum deviation of only 4dB, thus if a subband CQI is greater than 4 dB away from the wideband CQI the UE will not be able to feedback the subband CQI accurately due to this quantization. 

We would like to clarify the UE behaviour in this situation to enable consistency between different UE implementations, and thus achieve a more stable scheduler performance.  Our preference is that the subband CQI accuracy is given preference over the wideband CQI accuracy as the subband CQI locations are more likely to be scheduled on and thus their accuracy is more important.

2 The Issue  

In the present standard the subband CQI for mode 2-x and 3-x are encoded according to section 7.2.1 of ‎[1].  The relevant sections are repeated here.
For Mode 3-x

· Subband CQI for each codeword are encoded differentially with respect to their respective wideband CQI using 2-bits as defined by

· Subband differential CQI = subband CQI index – wideband CQI index

· Possible subband differential CQI values are {-2, 0, +1, +2}

 And for mode 2-x

· The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits relative to its respective wideband CQI as defined by

· Differential CQI = best-M average index – wideband CQI index

· Possible differential CQI values are {+1, +2, +3, +4}

For both of these modes the dynamic range of these encodings are moderate (8dB) and will generally be able to transmit the correct CQI number.  However occasionally a UE will experience channels in which the true CQI on a subband is outside of the range of the ability for the UE to feed back.  Figure 1 gives the CDF of the differences of the subband CQI from the wideband source for different transmission schemes.  We assume a long term SNR of 5 dB, and a 5 MHz channel. For this channel 1 % of the time the ideal subband CQI reported would be 3 CQI steps above the wideband CQI.  
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Figure 1 CDF of subband effective SNR differences from the wideband effective SNR for different transmission modes.
Figure 1 illustrates this issue for an example SFBC channel over TU3.   
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Figure 2 Illustration of possible feedback methods
In the above we consider two methods to report the sub-band CQI
1) Require the wideband CQI to be accurate, allowing the sub-band CQI to be inaccurate.

2) Require the sub-band CQI to be accurate, allowing the wideband CQI to be inaccurate.

Method 2 ensures that the subbands which have the highest CQI, and are hence the most likely to be scheduled, have the most accurate CQI, which enables good MCS adaptation.  Method 1 ensures that the wideband CQI is accurate allowing for good MCS adaptation when frequency selective scheduling is not possible.  
We believe that Method 2 is much more desirable, as UE’s are scheduled on the peak CQIs much more often than the fallback wideband option.  

To reflect this, and ensure consistent UE behaviour the text in 36.213 should include a sentence such as 

· To ensure accurate subband CQI feedback the reported wideband CQI shall be equal to the maximum of the wideband CQI calculated above and the maximum subband CQI minus 4.  

under each of the sections discussing subband CQI.  

3 Conclusion

The ambiguity in UE behaviour when accurate subband CQI feedback is not possible needs to be addressed.  In this contribution we presented what we believe to be the best way forward, as well as a proposed modification to the standard text. 
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