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1. Introduction
To reach 3GPP peak rate requirements, LTE Rel-10 will support up to 8x8 SU-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. 
Downlink MU-MIMO is another multi-antenna technique which has received considerable interest in a LTE Rel-10 context as a tool for achieving performance gains in the ITU evaluations. MU-MIMO entails scheduling multiple UEs on the same time-frequency resource(s). Instead of only maintaining orthogonality over time and/or frequency, also the spatial dimension is used for separating the signals to the co-scheduled UEs. 

This contribution discusses feedback in support of SU-MIMO and MU-MIMO. Naturally, much of the MU-MIMO conclusions hold for CoMP as well which in many cases can be thought of as MU-MIMO where the co-scheduled UEs may be served by different cells.

2. Feedback for SU-MIMO
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 case of 8 Tx is lacking. On the contrary, we can here benefit from the extensive work that has already been performed in RAN4 developing testing methodologies for PMI/RI/CQI kind of feedback instead of starting 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)
· Ensures consistent feedback methodology regardless of number of transmit antennas
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 x-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 x-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 x-pole

An important characteristic of the closely spaced quadruple x-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 x-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. In Case of Standardized MU-MIMO
This section discusses properties of standardized MU-MIMO feedback in case it is deemed necessary to add additional feedback support on top of what existing functionality for SU-MIMO already provides. We emphasize that such a need is not yet clear; nevertheless it may be fruitful to already now elaborate on properties of feedback.

As described in [1] , MU-MIMO is targeting high geometry UEs in high load scenarios. MU-MIMO is therefore a potential tool for capacity enhancement and thus naturally plays a less important role in the early stages of LTE deployment. To a large extent, MU-MIMO can be transparent from a transmission point of view due to the use of UE specific RS. Nevertheless for Rel-9 it has been agreed to introduce explicit signaling to provide the UE with additional information concerning which RS sequences are potentially involved in a co-scheduling operation. 
When it comes to feedback signaling, the needs of additional standardized support may be greater. On the other hand, channel reciprocity techniques can be exploited even in FDD to achieve significant gains [2]. Also, transformations on the eNodeB side of Rel-8 kind of feedback may also be possible [3]. Thus, the need of adding standardization support for feedback targeting MU-MIMO is not clear and requires further study. 
Due to dynamic nature of typical traffic patterns, feedback signaling supporting dynamic switching between SU-MIMO and MU-MIMO is essential to give a chance for MU-MIMO to be usable in practice. This is facilitated by making potential MU-MIMO feedback correspond to an extension of the feedback needed for SU-MIMO [4] . 
For SU-MIMO, implicit feedback by means of reporting transmission hypotheses (PMI/RI/CQI) is clearly preferable over trying to represent an intermediate entity such as the channel. Accordingly, such a feedback methodology is used in Rel-8 for 2 and 4 Tx and is also appropriate to use for 8 Tx in Rel-10. To make MU-MIMO feedback a natural extension of SU-MIMO feedback implies that MU-MIMO feedback should also correspond to reporting transmission hypotheses. Extensions to MU-MIMO are easy to envision. One well-known technique is for the UE to report best/worst companion PMIs. 

Proposal

· Consider MU-MIMO feedback as an extension of SU-MIMO feedback belonging to same feedback type

· Re-use the implicit feedback type based on transmission hypotheses (PMI/RI/CQI) already supported for SU-MIMO
· Consider MU-MIMO feedback that reports transmission hypotheses, or possibly compressions thereof

A major advantage with staying within the present Rel-8 kind of implicit feedback based on transmission hypotheses is that this is a well-studied concept and can hence capitalize on the extensive work already conducted in RAN4 for defining test methodologies. Switching to the completely different explicit feedback type would take use back to square one in this sense. Testing is a critical component of any multi-vendor ecosystem, let alone LTE, and without clearly defined test procedures and tight requirements standardization efforts for UE feedback have a clear risk of becoming a paper product with very limited usability in practice. In fact, it seems justified to consider whether the concept of explicit feedback is well-defined at all, i.e. as given by TR 36.814: 

· Explicit channel state/statistical information feedback
· Channel as observed by the receiver, without assuming any transmission or receiver processing

It does not appear to be clear how the UE can measure the channel without including receiver processing in the measurement results. Needless to say, without a clear specification of the feedback concept, RAN4 can hardly set appropriate test requirements so that the functionality works in a multi-vendor ecosystem.
Observation

· Re-using Rel-8 feedback type also for MU-MIMO maintains the present well-studied feedback paradigm thus capitalizing on the extensive work already done in RAN4 to define test methodologies

4. Conclusions
Based on the discussion above about feedback type and codebook design issues for 8 Tx SU-MIMO 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)

· Focus the optimization efforts in the precoder codebook design on primarily rank 1-2 but also to some extent on rank 3 and 4.

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

· Optimize in particular for closely spaced quadruple x-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
In addition, assuming standardized feedback for MU-MIMO is deemed needed, which is far from clear, we propose the following for such feedback

· Consider MU-MIMO feedback as an extension of SU-MIMO feedback belonging to same feedback type

· Re-use the implicit feedback type based on transmission hypotheses (PMI/RI/CQI) already supported for SU-MIMO
· Consider MU-MIMO feedback that reports transmission hypotheses, or possibly compressions thereof
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