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1. Introduction

At Rel-8 or Rel-9, MU-MIMO precoding matrix selection and UE pairing was completely relied on SU-MIMO feedback. At Rel-10, dynamic switching between SU/MU-MIMO is agreed, and MU-MIMO performance enhancement becomes an important specification issue for enhancing cell average/edge spectral efficiency. To address these aspects, we would need higher feedback resolution to determine SU/MU-MIMO switching and perform the UE pairing, and the resolution enhancement could be achieved by simply increasing feedback overhead, or designing MU-MIMO oriented feedback. 

With the Rel-8 precoder codebook, by using PMI type feedback, companion indicator(CI) feedback achieves substantial MU-MIMO performance enhancement [1]. Since Rel-8 type PMI feedback is agreed for Rel-10, we expect that companion indicator feedback would also bring substantial performance enhancement with Rel-10 system. In this contribution, we investigate the application of CI to DFT codebook and also introduce companion subset algorithm which is suggested in [3], and [4], and study the application of it for DFT codebook.
2. Companion indicator feedback 
For better UE pairing, companion indication was suggested in [1], and [2]. By sending one or more of PMI type feedback and delta CQI(s), network achieves higher scheduling gain with MU-MIMO. Sending multiple companion indicators would show higher cell average throughput [5]. It has been shown that companion indicator feedback can achieve higher throughput with uncorrelated antenna [8] or highly spatially correlated antenna [9].
2.1 Companion subset
Since we agreed frequency-selective/short-term precoding for Rel-10, feedback overhead for downlink MIMO may be increased, and the additional feedback for companion indicator may add more overhead. Two approaches have been suggested to reduce the companion indicator feedback overhead as below.
1. Time multiplexing for companion indicator feedback [6]
2. Subset based companion indication [3],[4]
In scheme 1, a UE detects prime direction of beams, and reports rank 1/2 companions which would result in tolerable MAI. When the UE reports rank 1, it reports principal direction and companion(s). When the UE reports rank 2, it reports two principal directions and ordering information of two principal directions. Simulation results show slight performance enhancement. 
Scheme 2 can be applied to the best companion indication algorithm which shows substantial performance enhancement with overhead reduction. Since best companion indicator is defined as an indicator of a precoder matrix which shows least precoding gain, best companion would have smallest correlation with the precoder matrix. When the size of codebook is larger than transmit antenna array, for example, the codebook of rel-8, all the precoder matrix cannot be orthogonal with each other, and the codebook could be grouped into certain orthogonal subsets. 
In Rel-8 codebook, the orthogonal subsets can be defined for rank 1 as 
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Figure 1. Companion subset example, where [image: image3.png]W W,y
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With high possibility, companion indicator would belong to the subset where PMI is contained, and by feeding back subset indication, companion feedback overhead can be reduced. 
2.2 Companion subset at DFT precoder

Due to the large array size (8Tx), the antenna configuration with small distance between array elements seems the most important one in Rel-10. For highly correlated ULA, it seems DFT precoder is a good candidate for Rel-10 precoder [7]. For CI overhead reduction, the same concept of companion subset illustrated in figure 1 can be applied for rank 1 DFT precoder. Assume 16PSK DFT precoder for rank 1 codebook, subset of rank 1 DFT precoder can be defined as 
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Precoder matrix 
[image: image12.wmf]n

W

 is designed as 
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. In real communication channel, due to the sub-path, some of the precoder matrices belonging to 
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 would have spatial correlation, and the size of companion subset would be reduced. We need further discussion for the details of companion subset. 
We run simulations with a DFT codebook with and without subset feedback for CI. In 1st tier neighboring cells interference model, the results, as shown in table 1, indicate 22~24% increase of spectral efficiency with 4 bits CI feedback, and 13~17% spectral efficiency gain with 3 bits companion subset based CI feedback. During simulations, only one BCI feedback is assumed. 
3. Conclusion
Companion feedback (BCI or WCI) has shown remarkable performance enhancement with Rel-8 codebook. The simulation results show that this scheme also brings substantial performance gain with DFT precoder. We expect that companion indicator scheme will substantially improve MU-MIMO performance, and, we suggest that companion subset feedback could be considered as a means for CI overhead reduction. 
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Figure 2. sub-path angular spread
Table 1. Cell average spectral efficiency with 4/8 Tx and 2 Rx antenna
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Appendix

Table A1. Simulation assumptions
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