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1. Introduction
A lot of discussions have been going on in RAN1 related to codeword-to-layer mapping for DL SU-MIMO. Fixed codeword-to-layer mapping has been defined as the working assumption for the E-UTRA MIMO during the RAN1 #47bis meeting [1]. Based on this decision two ways of defining the spatial CQI are possible – CQI per codeword [2,3,4] and CQI per spatial stream/layer [5]. This contribution shortly summarizes the two possibilities related to their functions, advantages and disadvantages. 

2. Discussion
Fixed codeword-to-layer mapping [1] for LTE DL SU-MIMO allows the definition of the channel quality indicator (CQI) either per codeword or per layer. The difference between these two possibilities is just given for rank=3 and rank=4 reports from the terminal whereas both possibilities result in the same CQI reporting for ranks ≤2.

Therefore, let us just consider the cases where these two possibilities are different. The CQI definition assuming full CQI for both possibilities are shown in Figure 1 (a) and (b) for rank=4 reporting. In these figures, we refer to the current working assumption related to codeword-to-layer mapping of [1], where the first codeword is given by layer1 and layer2 and the second codeword contains layer3 and layer4. 
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Figure 1: CQI definition assuming full CQI for rank4 for each codeword (a) and for each layer (b). The different codewords are indicated by different colour bubbles. 
Figure 2(a) illustrates the CQI definition assuming one full and one relative CQI per codeword [4] and Fig. 2(b) one full CQI and one average relative CQI for a definition per layer [5], respectively.
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Figure 2: CQI definition assuming for rank=4 with one full CQI and one relative CQI. The single relative CQI shows the relative performance of the second codeword [4] in case of CQI definition per codeword (a). The relative average CQI definition for layers 2, 3 and 4 in case of a CQI definition per layer [5] is given in (b). 
Several advantages of a CQI definition per codeword of Fig. 1(a) and 2(a) can be identified:
· Lower signaling overhead when having full CQI information for each codeword compared to each layer [2,3]. This is rather obvious from the figures Fig.1a and Fig.1b. CQI per codeword results in 33% and 50% lower UL feedback overhead for rank=3 and rank=4, respectively.
· No stream/layer ordering information is needed in order to use just a single relative CQI for the second codeword (Fig. 2b), as mentioned in [2]. In order to reconstruct the CQI information for link adaptation at the eNodeB according to 
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 [5], the layers would have to be ordered according to their channel qualities. This ordering information for rank=3 and rank=4 has 24 states corresponding to a little less than 5-bit additional feedback. Note that the ordering information has to be fed back for each subband the eNodeB is requesting precoding information for (according the current working assumption [1] every 2RBs, 5RBs, 10RBs or one for the full bandwidth). 
· The same CQI overhead, CQI structure and interpretation are given for all multi-stream SU-MIMO transmissions (2x2, 4x2 as well as 4x4) for a definition per codeword. No additional calculation or transformations will be needed at the eNodeB in order to perform link adaptation with the rank suggested by the terminal. 
· No CQI approximation error is present for the rank=4 case due to the fact that the CQI’s reported by the terminal directly indicate the quality of the codeword. In case of the single average relative CQI for the definition per layer of Fig. 2(b) [5], there is some approximation error present [2,3] when calculating the qualities in the rank=4 because the relative quality differences between the ordered streams is not always constant (
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· Improved CQI reliability due to the spatial diversity present in the CQI reporting per codeword. In case of a definition per layer, the full CQI in Fig. 1(b) and Fig. 2(b) is just defined by a single spatial layer and therefore does not contain any spatial diversity in the CQI report. In contrast, spatial diversity of 2 is present in the CQI information for the two codewords in Fig. l(a) and Fig.2(a).
The only point where the CQI definition per codeword falls a little short of the CQI definition per layer is the ability of the eNodeB to schedule several users in a MU-MIMO fashion [2,5]. But this is not seen as a basic requirement for SU-MIMO, because the different terminals will be semi-statically allocated to either SU-MIMO or MU-MIMO mode according to [1]. 

3. Conclusion
In this contribution the two different proposed options for the spatial CQI definition - CQI per codeword [2,3,4] or CQI per layer [5] – are compared according to the working assumption related to fixed codeword-to-layer mapping [1].  Considering the above mentioned advantages it is proposed to adopt the spatial CQI definition per codeword for DL E-UTRA SU-MIMO.   
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