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1 Introduction
The objectives of the DL MIMO enhancements are to reflect upon the reasons of the diverse results in the SI phase and to evaluate a list of CSI feedback enhancements and identify the promising solutions [1]. The former task was accomplished during and after meeting #71 resulting in narrowing down the simulation options and agreeing on a set of simulations assumptions. In this contribution, we give our view on the CSI feedback enhancements listed in the WID [1]. 

2 Potential CSI feedback enhancements
Our aim is to investigate candidate schemes that are simple and yet give some benefit, preferably for both SU and MU MIMO. We think SU MIMO enhancements should not be neglected, since it is the selected mode of transmission for at least low to medium traffic loads. Keeping schemes simple also relax the burden on RAN4, as one way to define a scheme as simple could be that the impact on RAN4 is small. This should also be taken into account when identifying candidate proposals.  

2.1 Sub-band PMI and sub-band CQI feedback

Feeding back both sub-band CQI and PMI simultaneously is listed in the WID as one potential candidate for enhancements. In Rel.10 discussions, such proposal was discussed and there was a way forward [2] co-sourced by a large number of companies proposing PUSCH mode 3-2. Although seen as a useful enhancement by many companies, PUSCH mode 3-2 was not specified in the end, in our view due to lack of consensus on the finer details. 

It is worthwhile to revisit PUSCH mode 3-2 in this work item, and to evaluate it under the new simulation assumptions using TM10 and with realistic non-full buffer traffic and for 2, 4 and 8 Tx antenna setups. It is a rather straightforward scheme which enables frequency-selective precoding at the same time as frequency-selective CQI and has the potential to give gain for both SU- and MU-MIMO. It is also obeying the same testing methodology devised for Rel-8 in RAN4 performance requirements making it relatively simple to introduce.
2.2 New 4TX codebook

As stated in the WID, cross-polarized antenna assumption has priority in evaluations of new 4-tx PMI feedback codebook enhancements. Here we give our preferred starting point for a new 4Tx codebook for this purpose. As is well known from the 8 Tx codebook evaluations, a matrix product structure of the codebook showed good performance and is simple to describe. Knowing that codebook design could be time consuming and require large standardization effort, it is attractive to use the 8Tx codebook when defining a new 4Tx codebook. This should be rather straightforward and simple, keeping in mind the relatively short time plan for this work item. 

In the 8 Tx codebook of Rel.10, the overall precoder 
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 is formed as the product
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The inner precoder 
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focuses on wideband/long term properties of the channel while the outer precoder 
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takes care of narrow band/short term properties and in this way signalling overhead can be saved while achieving excellent performance. 

A block diagonal structure for the inner precoder is highly efficient for the common case of cross-polarized antennas but can also be made efficient for other antenna configurations such as ULA, as is well known from the 8 Tx design.
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In [3], we proposed a block diagonal grid of beam (GoB) design for 8 Tx hence the block-diagonal elements of (2) contains DFT vectors and the number of beams is a design parameter. Here, 16 beams are used, the same number of beams as for the 8 Tx codebook. 

For transmission rank 1 and 2, the downscaled design needs four bits on a wideband basis to select the inner precoder 
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where 
[image: image8.wmf]n

w

~

 is a 2-element DFT beam taken from a set of 16 beams with oversampling factor 8
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 The outer precoder 
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is for transmission rank 1 and 2 chosen from the 2 Tx codebook
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For notational convenience, scaling factors have been omitted. The intended scaling factor to use is such that the all overall precoders W have constant Frobenius norm. Since both proposals obey the full PA utilization property, the power on each PA is the same, ensuring that no power is wasted.

A design for transmission rank 3 and 4 needs further consideration, and keeping the Rel.8 Householder codebook is one alternative. 
2.3 Enhancements for MU-MIMO

During Rel.10 discussions, optimizations of CSI feedback to target MU-MIMO operation were discussed. The issues with CSI feedback was that the PMI cannot directly be used for MU-MIMO scheduling (too high rank is reported) and even if the PMI is useful (lower rank), the reported CQI will not take into account the interference leakage from the transmission to the co-scheduled user. The reported PMI/CQI/RI may therefore be ill-matched to a MU-MIMO allocation.

With the introduction of Transmission Mode 10 in Rel.11, two CSI processes can be configured, where the first CSI feedback process is restricted to report lower rank through codebook subset restriction, and where the second process does not have this limitation. Hence, part of the MU-CQI problems addressed in Rel.10 can now be solved by using TM10 and hence dynamic switching between SU-MIMO and MU-MIMO is possible. 

What potentially remains to be addressed is a MU-CQI feedback, which takes into account interference from additional layers to co-scheduled UEs. As the UE does not know how much these other layer interfere, since it depends on the used precoding algorithm at the eNB (ZF, SLNR, orthogonal precoders…) and the total number of scheduled layers, some hypothesis must be made about the interference when computing MU-CQI, which in general have an error compared to the true interference at the later scheduled subframe. Alternatively, can the eNB compensate the link adaptation when co-scheduling UEs, a solution that need no additional standardization. Both the UE and eNB based solutions address the same problem, but without solving them perfectly, so we are reluctant to introduce any standardized UE based MU-CQI solution unless there is significant benefit shown compared to the eNB based solution.    

3 Conclusions

In this contribution, we have discussed CSI feedback enhancements. Our view is that both SU and MU enhancements are of interest. Due to the short work item, any introduced enhancements should aim to be clean and simple and the impact on RAN4 should be taken into account. These promising enhancements should be studied further using the agreed simulation assumptions

· Aperiodic PUSCH mode 3-2 for 2,4 and 8 Tx
· A new 4Tx codebook targeting cross-polarized antenna setups

In [4], we have provided some initial evaluation results for these enhancements and a working assumption is proposed. 
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