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1. Introduction
CSI feedback enhancements are covered by the scope of the DL MIMO enhancement WID. In particular, a large emphasis is put on feedback and control signaling enhancements that are beneficial for MU-MIMO operation, which is considered with interest by several network operators. In this contribution some areas of improvement for CSI feedback are pointed out, primarily in the context of single point transmission.
2. Soft Rank-Restriction with Rank Specific PMO

Recommended transmission rank is an important part of CSI feedback. Rank adaptation is an area where the specification offers very little guidance on appropriate UE behavior. From the view point of a single UE, it might look attractive to recommend a higher rank but such a higher rank may have a negative impact on a system level resulting in increased interference levels between cells or even between UEs of the same cell in MU-MIMO operation. Thus, it would be beneficial if a UE recommends a higher rank only if it appears to be significantly better than a lower rank so that there are sufficient gains on the link level to offset a potentially negative impact on system level. This is not the case currently where a UE may choose to select a higher rank that is only marginally better than a lower one. Introducing rank-specific power measurement offset (PMO), i.e., soft rank restriction, could be one way of allowing the eNodeB to control the aggressiveness of the rank recommendations from the UE [2] . It is also further motivated by observations in the real-life issue topic where commercial UEs were shown to have problems with reporting correct rank in unconventional situations [1] . 

A PMO in this context roughly corresponds to the parameter nomPDSCH-RS-EPRE-Offset in Rel-8 and allows the eNodeB to control the assumption on PDSCH power when the UE determines the CSI feedback. It can essentially be viewed as scaling the estimated channel matrix with a scaling factor α. Hence, when the terminal evaluates the link performance for a particular transmission rank, r, then it applies the PMO scaling, 
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the higher ranks will be evaluated assuming an artificially decreasing SNR, hence increasing resistance is added to reporting higher transmission ranks. The aggressiveness of the soft rank-restriction can be freely configured on a per UE basis by the eNodeB based on, for example, 

· The Propagation environment

· Number of active terminals in the cell

· Number of Tx and Rx antennas

· etc,…

The main advantage of a soft rank-restriction is that UEs that experience conditions highly suitable for SU-MIMO will be able to report a corresponding high rank report, but terminals that perform well also with lower rank transmissions are encouraged to report low rank reports. Hence, the soft rank-restriction dynamically adapts the restriction depending on the terminals current channel realization. This soft restriction also avoids the undesirable behavior that the UE is reporting a higher rank because of a seemingly marginal gain on the link, which turns into a loss because of decreased MU-MIMO scheduling flexibility and the resulting higher ranks transmission’s more detrimental interference to other cells.

Observation

· Rank indication important part of CSI feedback

· A higher rank may be beneficial on link level but harmful on system level
Proposal

· Enhance CSI feedback by studying ways of improving UE rank indication

An alternative solution would be to use rank restricted feedback when operating in MU-MIMO mode, where the UEs are forced to feed back a low rank PMI/CQI report. Unfortunately, this eliminates the possibility to effectively schedule SU-MIMO allocations, which renders the reporting mode useless in practical deployments with dynamic traffic, where dynamic switching between SU-MIMO and MU-MIMO is crucial. 

It should be emphasized that for a UE with high SNR in a rich scattering environment, high rank SU-MIMO will typically be superior over a forced MU-MIMO allocation. An efficient feedback mode should therefore provide sufficient flexibility to allow both dynamic switching between SU-MIMO and MU-MIMO, as well as allow high rank SU-MIMO transmissions to the terminals that clearly benefit from this. 

Another feedback enhancement that tries to address this is multi-component feedback, where in addition to a regular SU-MIMO PMI/CQI/RI report, also a rank-restricted PMI/CQI/RI report is fed back. This scheme does however suffer from the severe disadvantage of excessive feedback overhead.

Observations

· Multi component feedback that bundles a hard rank restricted report with a non restricted report doubles the feedback overhead

· There is excessive redundant information in the two component feedback: For many users one of the two components is superfluous since either the rank-restricted report achieves the same performance as the non-restricted report, or the rank-restricted precoder only achieves a fraction of the performance of the non-restricted precoder.

3. Feedback Granularity

The feedback granularity is dictated by the subband sizes for CQI and PMI. For a system with 20 MHz bandwidth, the subband size is 8 RBs. Subband sizes is an area where there might be room for improvement and worthwhile to study also for new scenarios with low power nodes where channel conditions may be different. Furthermore, finer feedback granularity appears to be beneficial for coping with time misalignment between transmission antennas as pointed out, e.g., in [4] .

Proposal

· Consider whether CQI/PMI subband sizes need to be revised

Either CQI or PMI can be reported per subband, but not both at the same time. During Rel-10 time frame, the opportunity of introducing both frequency-selective PMI and frequency-selective CQI in the same PUSCH CSI Mode 3-2 report were discussed [5] . This would improve the possibilities of performing frequency-selective scheduling simultaneously as frequency-selective precoding without compromising one or the other. The discussions were terminated because of lack of time but the fundamental issue remains.

Observation

· Non-restricted frequency-selective CQI and frequency-selective PMI currently not possible

· Artificial trade-off between frequency-selective scheduling gains and frequency-selective precoding gains
Proposal

· Consider introducing a PUSCH 3-2 CSI Mode as CSI feedback enhancement

4. Precoder Codebook

Extensive work on precoder codebooks have been carried out in past releases. Considering the trend of diminishing returns, it is not clear whether further significant gain is available by means of precoder optimization. However, a scenario which has so far been receiving limited attention in 3GPP, the line-of-sight case, might deserve further consideration in terms of codebook optimization. Line-of-sight situations are quite common already in a macro network and they seem to become even more common with future deployments types. In scenarios involving low-power pico nodes, the probability of line-of-sight is high. The relay back haul channel is another example with a high line-of-sight probability. These line-of-sight situations can be exploited for pinpointing precise beams towards the intended receiver and it could moreover have some ramifications on the precoder codebook, which would need to support the use of precise beams. 
In Rel-10 a large standardization effort was spent in the optimization of the 8tx codebook, which results in a careful design able to provide large gains for various deployments. Considering that the 8tx codebook is optimized also for MU-MIMO operation, it makes sense to take advantage of it by adapting it to the reduced number of antenna ports in case an additional codebook for 4 tx is to be considered in RAN1. Simulation results indicate that adapting the 8tx codebook to 4tx is a promising solution [6] .
Proposal

· If codebook enhancements are studied, consider the common case of  line-of-sight situations
· In case a new 4tx codebook is introduced in RAN1, it should be derived from the existing 8tx Rel-10 codebook
5. Conclusions
In this contribution we identified a number of possible areas for enhancement of CSI feedback for MIMO. The following proposals are identified:
· Enhance CSI feedback by studying ways of improving UE rank indication

· Consider ways for eNodeB to control the aggressiveness of UE rank indication

· Consider whether CQI/PMI subband sizes need to be revised

· Consider introducing a PUSCH 3-2 CSI Mode as CSI feedback enhancement

· If codebook enhancements are studied, consider the common case of line-of-sight situations
· In case a new 4tx codebook is introduced in RAN1, it should be derived from the existing 8tx Rel-10 codebook
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