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1. Introduction
Making the CSI feedback hierarchical is key to supporting a multitude of CoMP schemes without incurring an explosion in options. Single point CSI feedback is a major component of the hierarchical feedback and for this reason CSI feedback for DL enhancement is also discussed.
2. Per CSI-RS Resource Feedback
CoMP needs CSI on the eNodeB side corresponding to the channels of multiple points. A straightforward solution appears to be that the UE determines CSI feedback in the same manner as currently for a cell but separately for each relevant point. This is sometimes referred to as per-cell or per point feedback and would work in a similar manner as CSI feedback for carrier aggregation but where the points play the role of the carriers. Such a per point CSI feedback reporting also has the benefits of scaling nicely between DL MIMO and DL CoMP. Basically, any single-point CSI feedback supported for DL MIMO can be re-used in a CoMP setting.

Observation

· UE determines CSI feedback separately for each relevant point

· CSI feedback content per point can be the same as for DL MIMO
But from a standardization perspective, neither the cell nor the point is relevant. What matters for the UE is on which CSI-RS resources it should measure on and the configuration of the CoMP measurement set should therefore be parameterized in terms of CSI-RS resources and not cell-ids (or points which are purely physical entities and thus do not belong in the specs). Such a cell-id agnostic design automatically allows all CoMP scenarios 1 — 4 to be supported, thus providing opportunities for flexible deployments.

Observation

· The CSI feedback should be cell-id agnostic to allow flexibility with respect to new deployment scenarios

Proposal
· CoMP measurement set configured in a UE specific manner and in terms of which CSI-RS resources to use
· CoMP measurement set is therefore independent of cell-ids

· A CSI-RS resource corresponds to a CSI-RS pattern (1, 2, 4, or 8 antenna ports) transmitted in a subframe 
The number of CSI-RS resources to report CSI for is likely to be in the order of 2 or 3. The size of the CoMP measurement set can in principle be larger but as baseline it appears reasonable to assume the same size as the CoMP reporting set, i.e, 2 or 3, meaning that the eNodeB is solely responsible for configuring which CSI-RS resources are part of the CoMP reporting set. Such configuration operation by the eNodeB may be assisted by measurements of the strength of the channel of different points. Channel strengths estimates can be obtained from uplink measurements or from RSRP measured by the UE in the downlink. RSRP is currently measured on CRS so the latter lacks flexibility with respect to new deployment and CRS-free carrier types. To rectify that, RSRP measurements would need to be revisited.
Observation

· If CoMP measurement set is supposed to be configured by eNodeB based on UE RSRP measurements then new deployment and CRS-free carrier types means that RSRP measurements need to be redefined
Proposal

· CoMP reporting set size is 2 or 3

· CoMP measurement set has the same size as CoMP reporting set

· eNodeB semi-statically configures CoMP reporting set in a UE specific manner
3. Inter-CSI-RS Resource Phase Information
Coherent versus incoherent JT has been extensively discussed on the email reflector. The degree of coherency determines how likely it is that signals transmitted from different points add constructively at the UEs. RF calibration properties of the points as well as the structure of CSI feedback both affect the level of coherency that can be achieved. Inter-CSI-RS phase information can be added in the CSI feedback on top of CSI feedback per CSI-RS resource. Figure 1 illustrates how such CSI feedback may be used to implement per point CSI feedback amended with inter-point phase information.
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Figure 1: Inter-CSI-RS resource phase information in addition to per CSI-RS resource feedback.
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 is quantized into 
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 bits, where 
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 presumably ranges from zero to two bits per subband. The UE would also need to determine a so-called aggregate CQI, which is determined assuming a single-user joint transmission over the multiple points in the CoMP reporting set. This is a CQI hypotheses in addition to the single-user MIMO hypothesis reported for each CSI-RS resource in the CoMP reporting set and would consequently add 
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bits of signaling overhead per subband. Thus, 
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 are both design parameters and it is important that they are chosen such that the precious feedback bits are spent on the feedback type where they make the most good. 
Observation

· Two feedback types in addition to CSI feedback per CSI-RS resource may be considered
· Inter-CSI-RS resource phase information using 
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 bits per subband
· Aggregate CQI using 
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Based on the small gains of precoding usually achieved over uncorrelated channel dimensions, we currently see aggregate CQI as more important than the phase information.
Proposal

· Baseline is support of aggregate CQI (i.e., 
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bits for inter-CSI-RS resource information 
4. CSI Feedback for DL MIMO and Relation to CoMP Reporting
From a pure definition point of view DL MIMO concerns transmissions from a single point and CSI feedback corresponding to a single point. This is also the case in Scenario A and C in the DL MIMO enhancement study item. But the study item also considers multi-point transmission and multi-point feedback as part of Scenario B. From a specification point of view, the transmission is supposed to be transparent and the multi-point feedback setup would look like single point feedback if only a single CSI-RS resource is involved. The single CSI-RS resource would be distributed over multiple points (and restricted to at most eight antenna ports in total) and the CSI feedback would hence need to be structured to handle widely different path-loss within the same precoder codebook. 
Observation

· DL MIMO seems to be considered to include all CSI feedback schemes that use a single CSI-RS resource, even if the target is multi-point transmission

Regardless of the outcome of the DL MIMO discussions for a single CSI-RS resource targeting single point transmission, the CSI feedback for such a single CSI-RS resource may be used in CoMP reporting following the per CSI-RS resource approach. It is however more difficult to see a reason for why single CSI resource reporting targeting multi-point transmission would need to be supported as a component of CoMP reporting; it would certainly lead to a very unusual structure of the CSI.

Proposal
· All single CSI feedback schemes for single CSI-RS resource targeting single point transmission are candidate components for inclusion into CoMP reporting using per CSI-RS resource CSI feedback

· Single CSI-RS CSI feedback schemes targeting multi-point transmission are not candidates for inclusion into per CSI-RS resource CSI feedback CoMP reporting
5. DL MIMO CSI Feedback Enhancement Areas

This section considers a number of enhancement areas for single CSI-RS resource feedback. As pointed out previously, this CSI feedback can be viewed as a component in CoMP CSI feedback.
5.1. 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 [1], 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

· Consider interference estimation as an enhancement area for CSI feedback

5.2. 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 [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].
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
5.3. 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 [3], 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 [4] . 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

5.4. 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

6. Conclusions
In this contribution we discussed CSI feedback for CoMP as well as for DL MIMO enhancement. Regarding CSI reporting for multiple points (CoMP reporting) we propose as follows:
· CoMP measurement set configured in a UE specific manner and in terms of CSI-RS resources to use

· CoMP measurement set is therefore independent of cell-ids
· A CSI-RS resource corresponds to a CSI-RS pattern (1, 2, 4, or 8 antenna ports) transmitted in a subframe
· CoMP reporting set size is 2 or 3

· CoMP measurement set has the same size as CoMP reporting set
· eNodeB semi-statically configures CoMP reporting set in a UE specific manner
· Baseline is support of aggregate CQI (i.e., 
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· All single CSI feedback schemes for single CSI-RS resource targeting single point transmission are candidate components for inclusion into CoMP reporting using per CSI-RS resource CSI feedback
· Single CSI-RS CSI feedback schemes targeting multi-point transmission are not candidates for inclusion into per CSI-RS resource CSI feedback CoMP reporting
We also identified a number of possible areas for enhancement of CSI feedback for MIMO:

· Consider 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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