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1 Introduction

For uplink CQI, PMI and rank, both PUCCH and PUSCH resources should be utilized. Especially for PUCCH transmission, where the resources are very limited and overhead is expensive, it is very important to have an efficient feedback scheme plus possibility to use multi-TTI transmission of the feedback.  The CQI, PMI and rank overhead should be minimized by adopting some compression scheme for these feedback parameters and it is preferable to have the same compression scheme for both PUCCH and PUSCH transmission so that feedback from these two channels easily can be combined. 
A well documented and evaluated compression scheme is the Best-M method with average CQI reporting [16]. This scheme has benefits in robustness and testability as discussed in [3] and also avoids the complicated merging of multiple CQI reports from several RBGs if methods like scanning CQI reporting
 [14] is adopted.
Furthermore, the Best-M method has significantly lower feedback overhead and is less sensitive to UE speed than scanning CQI reporting [15]. A drawback with Best-M is that a label to indicate the M desired bands must be signalled so it is important to also use an efficient and compressed signalling also of this label. 
Using a frequency selective CQI feedback scheme is efficient since it matches well the use of frequency selective scheduling which is a core functionality in LTE. The Best-M scheme has been shown to perform very well provided that the UE is scheduled on the M frequency regions for which it reports CQI, PMI and rank [4]
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 \* MERGEFORMAT [5][9]. The value of M must thus be adjusted adaptively so that this condition is fulfilled and it can either be UE controlled based on previous scheduling decisions or network controlled [7]
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 \* MERGEFORMAT [8]
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 \* MERGEFORMAT [9]. For increased robustness, it is also valuable to have a wideband CQI+PMI feedback [12] in addition to the frequency selective feedback.  
The purpose of this contribution is to describe the important principles for the E-UTRA CQI, PMI and rank feedback schemes that gives a simple and robust feedback scheme with reasonable low complexity which is receiver independent and for which test cases can be constructed. 

2 Principles for CQI+PMI+Rank generation and feedback

· A RB group (RBG) is the minimum unit for CQI+PMI+Rank calculation and feedback. The RBG bandwidth is semi-statically configurable for the cell by the NodeB.

· The UE estimate CQI+PMI+rank feedback for its relevant RBGs, i.e for those primary RBGs where it likely will be scheduled [3],[6]. The maximum number M of relevant RBGs per report is upper limited to reduce control signalling overhead for the label that indexes the RBGs. The number M, within the allowed range, is either signalled by the Node B or determined  by the UE itself [7] using for instance a threshold method [8] or statistics from recent schedulings [9]. 

· The UE report an optimally compressed label to indicate its relevant RBGs. The optimal compression algorithm [7] minimize the signalling overhead to (compared to using a bitmap). 
· CQI+PMI+Rank is jointly reported [1],[5] for the relevant RBGs. Then the same label can be used to indicate the RBGs for CQI, PMI and rank. 

· The CQI consist of the maximum supported transport block size
 (TBS) for each codeword assuming scheduling in the relevant RBGs [2]. This makes the CQI receiver independent and allow future receiver performance enhancements without the need for adjustment of network definitions [3].
· Interference averaging over several TTIs [4],[13] is needed in the UE before CQI, PMI and rank estimation since the measurement bandwidth for the CQI is very small (compared to Rel.7) plus that we have precoded MIMO and frequency selective scheduling in LTE that may induce rapid interference fluctuations. The CQI estimation algorithm and thus the link adaptation should be insensitive of these rapid fluctuations. CQI errors leading to packet errors are be handled by using H-ARQ retransmissions. 
· The UE report a single CQI + PMI and rank valid for the relevant RBGs [3]

 REF _Ref173727654 \r \h 
 \* MERGEFORMAT [6].   This gives a wider averaging bandwidth and more accurate CQI than if one CQI per RBG is calculated, due to the same reason for the time-averaging discussed above. Furthermore, a single CQI for the relevant RBGs avoids complicated calculation of resulting TBS based on CQI from each individual RBG which is necessary if CQI is reported per RBG. A single rank report is the current RAN1 working assumption [11] and a joint CQI+PMI report for the relevant RBGs has low performance loss compared to ideal PMI feedback [9].
· The UE shall report a single CQI valid for wideband transmission, for increased robustness [12] assuming transmission on all RBGs. This information can be used for calculating TBS in the case that the UE can not be scheduled on its relevant RBGs or to calculate the TBS for a D-VRB transmission. 
3 Conclusion

Taking into the above principles and the considerations from RAN4 in [2] plus the vast amount of performance evaluations and comparisons presented to RAN1 in the past, we suggest that RAN1 adopts the Best-M scheme as discussed above for joint CQI, PMI and rank feedback in E-UTRA. 
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� Where the CQI is reported per RBG in a round robin fashion.


� Given an average BLER requirement. 





