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1. Introduction
To reach 3GPP peak rate requirements, LTE Rel-10 will need to support up to 8x8 MIMO. Toward this end, up to eight antenna ports based on UE specific RS will be available and discussions are already ongoing on the RS design, in the context of Rel-9 as well as for Rel-10. For UE feedback purposes, 8 cell-specific Rel-10 CSI RS will also be introduced so that the whole 8 Tx channel becomes visible to the UE. While it is clear from the use of UE specific RS that the transmission is transparent to the UE, and thus inherently “non-codebook based”, the UE feedback is not transparent and hence some standardization efforts are needed. Unfortunately, there is very limited progress on this issue. This contribution tries to rectify that by considering general design principles for UE feedback based on Rel-10 CSI RS targeting 8 Tx operation.

2. Discussion
Most of the UE feedback discussions so far have focused on the vast topic of CoMP, with very limited concrete progress and no sign of converging views, most likely due to the mere complexity of the subject and so far limited understanding on how to make practical use of CoMP based techniques. This has hampered progress of the much simpler topic of UE feedback for single-cell SU-MIMO operation. Note that 3GPP has considerable experience in designing for the latter type of a scenario, as that was the primary focus of the designs in Rel-8. By discussing in very general terms (where CoMP may encompass almost everything), many functionalities become dependent on (the very limited) progress of the CoMP issue. At the same time, CoMP, MU-MIMO, and SU-MIMO are all related and need to be addressed together. To re-start the UE feedback discussions we therefore propose to start with the simpler well-known techniques such as SU-MIMO and thereafter consider extensions to cover e.g. MU-MIMO and CoMP. 

Proposal

· Re-start the UE feedback discussions by first considering designs for the simpler and well-known schemes – single-cell SU-MIMO operation
2.1. Implicit versus Explicit Feedback

A major design choice to make is the feedback type – explicit or implicit feedback.  In explicit feedback the goal is to try to recreate the actual channel while in implicit feedback the UE signals one or more transmission hypotheses to the eNodeB (PMI/RI/CQI). Rel-8 is based on the latter implicit feedback type and for a good reason – the precious feedback bits are better spent on choosing the best performing transmission property rather than trying to represent an intermediate quantity such as the channel which is not directly related to the performance of the link. In addition, 2 Tx and 4 Tx for Rel-8 already use implicit feedback and an obvious reason for why we need to depart for the special case of 8 Tx is lacking. On the contrary, we can here benefit from the extensive work already been done in RAN4 developing testing methodologies for PMI/RI/CQI kind of feedback instead of starting all from scratch, with high uncertainty whether we in the end would see any benefits from switching UE feedback type.

Observation

· It is clear that present Rel-8 type of UE feedback is efficient for single-cell SU-MIMO operation
Proposal
· Avoid jeopardizing well-known single-cell SU-MIMO operation for the support of less well-studied techniques

· UE feedback targeting single-cell SU-MIMO operation is of the same type as in Rel-8, i.e., implicit corresponding to a transmission hypothesis (PMI/RI/CQI)

2.2. Focus of Design Efforts

It follows from the above that an 8 Tx precoder codebook for implicit feedback needs to be designed. Although peak rate requirements dictate that 8-layer transmission needs to be supported, the design considerations should optimize for the more common case of lower-rank transmission.  Thus, rank 1-2 transmissions deserve extra attention. To some extent efforts should be spent on rank 3-4 as well, but the support for rank 5 and higher should not be introduced at the expense of the lower ranks.
Observation

· An 8 Tx precoder codebook for implicit feedback needs to be designed.
Proposal

· Focus the optimization efforts in the precoder codebook design on primarily rank 1-2 but also to some extent on rank 3 and 4.
2.3. Designing for 8 Tx Antenna Deployments in Practice
The precoder codebook design should strive for exploiting typical properties of the channel such as correlation and polarization. Such properties in turn depend on the antenna setup being used, particularly on the eNodeB side. A promising candidate for 8 Tx antenna deployments is the quadruple-pole, i.e., four pairs of closely spaced (0.5λ – 1λ) ±45 degree cross-poles. Such an antenna array setup has been the common assumption in the Rel-9 discussions related to dual-layer UE specifc RS. The codebook design should thus strive for having efficient support for the closely spaced quadruple-pole. Interestingly, this seems to be the only promising 8 Tx antenna setup at the moment.
Proposal

· Consider 8 Tx antenna deployments likely to be used in practice

· Optimize in particular for closely spaced quadruple-pole

An important characteristic of the closely spaced quadruple-pole is that the antennas can be divided into two groups based on their polarization and that the channels within a group often tend to be rather correlated. On the other hand, channels belonging to two different groups correspond to orthogonal polarizations and are thus typically uncorrelated. Correlation can be exploited for reducing feedback overhead since it is a long-term property that is fairly constant also over the system bandwidth. In contrast, the phase relations between the channels of the two polarizations are of short-term nature and vary over the system bandwidth.  
Observation

· Typical channel characteristics for closely spaced quadruple-pole

· Groups of co-polarized antennas give correlated channels
· Channels from two different groups exhibit low correlation
Typical channel characteristics need to be taken into account when designing the precoder codebook and the overall UE feedback mechanism in order to ensure an efficient feedback design. To accomplish that, beamforming should be supported within the antenna group and the beamforming operation should be sufficiently accurate so that a 4 Tx array gain can be approached. This would require at least 8 beamformers to get good sector coverage. It should moreover be possible to co-phase the two polarizations. Orthogonalizing the channels for rank 2 transmission is also something to consider. Moreoever, additional flexibility in the time-frequency granularity of the UE feedback may need to be introduced to keep the overhead within reasonable bounds.
Proposal
· Design a codebook that provides support for forming well-defined beams giving 4 Tx array gain on each group of co-polarized antennas
· Consider capturing phase relations between polarizations as well
· Consider additional flexibility in time-frequency granularity of UE feedback
3. Conclusions
Based on the discussion above about feedback type and codebook design issues for 8 Tx we propose the following:

· Re-start the UE feedback discussions by first considering designs for the simpler and well-known – single-cell SU-MIMO operation
· Avoid jeopardizing well-known single-cell SU-MIMO operation for the support of less well-studied techniques

· UE feedback targeting single-cell SU-MIMO operation is of the same type as in Rel-8, i.e., implicit corresponding to a transmission hypothesis (PMI/RI/CQI)

· An 8 Tx precoder codebook for implicit feedback needs to be designed.
· Focus the optimization efforts in the precoder codebook design on primarily rank 1-2 but also to some extent on rank 3 and 4.

In particular, in order to provide good support for likely 8 Tx antenna configurations

· Consider 8 Tx antenna deployments likely to be used in practice

· Optimize in particular for closely spaced quadruple-pole

· Design a codebook that provides support for forming well-defined beams giving 4 Tx array gain on each group of co-polarized antennas

· Consider capturing phase relations between polarizations as well
· Consider additional flexibility in time-frequency granularity of UE feedback
