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1. Introduction
Although CSI feedback is a rather well-studied topic, it continues to receive significant interest from the 3GPP community. This contribution discusses prioritization and areas worthwhile to study further.
2. Scope and Prioritization of Scenarios

The discussions in the RAN1 #65 meeting centered to a large degree on the prioritization of scenarios. There seemed to be a rather widespread understanding that CSI feedback had been extensively and thoroughly discussed in Rel-10 for homogeneous scenarios. This motivates a prioritization of new scenarios involving distributed antennas such as Scenario A (also known as Scenario 4) mentioned in a summary of the email discussion on evaluation assumptions for CSI feedback enhancement [1]. On the other hand, performance of macro networks remain a crucial aspect for wide area coverage so although there may be diminishing returns on what can be accomplished on top of the achievements in Rel-10, low hanging fruits may be well-worth pursuing. Furthermore, solutions primarily developed for one scenario may be useful also in other scenarios. In general, more complex
 solutions need to compensate for the complexity by demonstrating higher gains than lower complexity solutions.
Proposal

· Prioritize scenarios not well-studied in Rel-10
· Geographically separated antennas in the same cell

· Previously studied scenarios may also be considered but focus should be on simple enhancements considering  potential gains
Lengthy discussions on the choice of explicit or implicit CSI feedback were carried out in Rel-10. Explicit feedback may look good on paper but practical challenges with respect to testability for ensuring consistent UE behavior and even problems establishing the most basic of definitions motivated RAN1 to conclude on the well-established principles of implicit feedback. Nothing fundamental seems to have changed since Rel-10 that would warrant reverting the decision on designing within the framework of implicit feedback.
Proposal

· Feedback enhancements shall comply with the well-established implicit feedback framework

· Ensures testability and limits RAN4 work load
The use of vertical beamforming based on active antennas has been mentioned as a possible enhancement area [1]. Although this is an interesting research topic, it is also a huge area that includes RF design practices and channel and scenario modeling issues and does not seem feasible to address in Rel-11, especially considering the total amount of work in CoMP and MIMO.  As discussed in [2], channel models are not in place and attempts in the literature seem immature and would need to be carefully investigated. In addition, there is a proposed study item [3] on active antennas in RAN4 aiming to resolve fundamental shortcomings in methodology and definitions related to RF and EMC requirements as well as study of regulatory aspects concerning active antennas. The issues at hand are of such a fundamental nature that even constraints on transmitted output power are far from clear. It would hence be premature of RAN1 to under such circumstances spend efforts on studying schemes that would benefit from standardization when such basic parts of scenario formulations are missing.

Observation

· Vertical beamforming is a huge research area

· Channel models currently do not consider properties of the channel in the vertical domain

· Mature channel models seem to be missing in the literature
· There are fundamental shortcomings in RF and EMC requirements as well as unclear regulatory constraints, as evident from study item proposal [3] 
Proposal

· Vertical beamforming and active antennas are beyond the scope of the studies in Rel-11

3. CSI feedback Enhancement Areas
3.1. Interference Estimation
CSI feedback basically relies on two parts – a channel part and a noise plus interference part. Both parts are needed for accurate CSI feedback and ultimately efficient operation of the system. Starting from Rel-10, the channel part is estimated from CSI-RS. The interference part has however so far been largely neglected and it is still the common understanding that UEs use the REs carrying CRS for interference estimation. As explained in [2], this is far from ideal since the CRS REs do not reflect the interference level on PDSCH. More heavy use of MBSFN subframes and discussions on new carrier types indicate that future systems are likely to have much less resources allocated for CRS. New deployment types with geographically distributed antennas further complicate obtaining intended interference estimates out of those REs.

Observation

· Interference estimates are an important part of CSI feedback

· Current interference estimates based on CRS REs are to a very large degree erroneous

· Increasingly difficult in future use cases of LTE to continue relying on CRS REs
 Proposal
· Study interference estimation as an enhancement area for CSI feedback

3.2. Rank Adaptation

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 could be one way of allowing the eNodeB to control the aggressiveness of the rank recommendations from the UE [4].
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

· Consider ways for eNodeB to control the aggressiveness of UE rank indication
3.3. 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. The issue of subband size was also brought up under the real-life issues topic [5], but it fits more naturally as a CSI feedback enhancement.

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, discussions on introducing the possibility for frequency-selective PMI and frequency-selective CQI in the same PUSCH CSI Mode 3-2 report were discussed [6] . 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

3.4. Precoder Codebook
Extensive work on precoder codebooks have been carried out in past releases. There is a trend of diminishing returns. There is however still a potential of gains in a scenario which has so far been receiving limited attention in 3GPP, the line-of-sight case. 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.
Proposal

· If codebook enhancements are studied, consider the common case of  line-of-sight situations

4. Summary and Conclusions
This contribution considered prioritizations and study areas for enhanced CSI for MIMO. We propose as follows concerning overall prioritization of topics:
· Prioritize scenarios not well-studied in Rel-10

· Geographically separated antennas in the same cell
· Previously studied scenarios may also be considered but focus should be on simple enhancements considering  potential gains
· Feedback enhancements shall comply with the well-established implicit feedback framework

· Ensures testability and limits RAN4 work load
· Vertical beamforming and active antennas are beyond the scope of the studies in Rel-11
We also identified a number of possible enhancement areas:

· Study interference estimation as an enhancement area for CSI feedback
· 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
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� Complex in a wide-sense, including computational complexity, standardization efforts etc.





