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1
Introduction

UE feedback framework for LTE Rel-10 starts to build on solid ground following the proven path of implicit feedback, which is the backbone of closed-loop DL MIMO in LTE Rel-8. During RAN1#59bis meeting proposals for two possible downlink UE feedback frameworks were made [1] [2]. In this contribution we further analyze these proposals.
2
Where/how to optimize UE feedback
UE feedback needs to support 8-Tx DL MIMO and enhanced DL MU-MIMO which are both part of the Rel-10 work item on enhanced DL MIMO transmission. Finding the common denominator to both SU- and MU-MIMO feedback is not an easy task. Accurate and robust MU-MIMO feedback further translates to spectral efficiency gains by relying on eNB precoding capability and UE-specific reference signals: these building blocks are already in place. However, bridging SU- and MU-MIMO modes together in terms of feedback for possibly several operating scenarios adds additional constraints to an already complex problem. 

SU-/MU-MIMO optimization point: Multi-user operation has to excel in LTE Rel-10. It is widely acknowledged that MU-MIMO provides most gains over SU-MIMO system-wise, in spatially correlated scenarios, where one benefits from increasing the composite channel rank, hence achieving SDMA gains. In such cases, UE separation happens in the spatial domain (non-overlapping beams with low multi-user interference building on long term channel correlation properties) while spatial layers belonging to the same UE (e.g. transmitted over two polarizations) are separated by means of orthogonal DM-RS. MU-MIMO gains are much smaller in uncorrelated scenarios where SU-MIMO operation is expected to stay predominant. The optimum operation point for SU-/MU-MIMO is very closely related to the deployment scenarios, while cross-polarized antenna deployments allow bridging the two modes together to some extent. Hence, UE feedback to sustain both SU- and MU-MIMO operation is needed such that:

· Feedback in support of MU-MIMO is optimized with fine spatial granularity and UE separation building on long term channel correlation properties.
· Feedback in support of SU-MIMO focuses on short-term channel properties.
Considering that the agreement on dynamic switching between SU-/MU-MIMO, it becomes obvious that eNB needs to have both SU- and MU-feedback content available in order to perform transmit mode selection. For that purpose, one could of course use two separate feedback messages [1] [5], employ a modular SU-/MU-MIMO feedback structure [2] [3] [4], or construct a codebook which is fitted for both SU-/MU-MIMO operation [6].
Proposal: Follow the principle one-feedback-fits-all in order to avoid uneccesary overhead and UE complexity.
Deployment scenarios play an important role in the overall UE feedback design and codebook (CB) construction. While 2 and 4 Tx cases are based on both ULA and cross-polarized (XP) antennas, when looking at 8 Tx configurations, it is more appealing to rely on XP configurations only. Antennas can be assumed to be closely spaced (0.5-1 wavelength) and non-callibrated. Operating traditional CBs, that is constructed for calibrated arrays, in non-calibrated scenarios, leads to performance losses. On the other hand, all previously mentioned feedback methods can be designed so that they are coping with non-calibrated arrays. The design is ranging from increasing the codebook sizes for independent SU-/MU-MIMO operation will relying on the modular feedback design to compensate for the loss of calibration. 
Proposal: Agree on few baseline antenna configurations to consider for feedback design in LTE-Advanced.
3 Feedback framework comparison

In this section we discuss several proposals for UE feedback framework in LTE Rel-10 [1]
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 \* MERGEFORMAT [5] highlighting differences as well as pros and cons.
Multiplexed separate SU-/MU-MIMO feedback
Multiplexed SU-/MU-MIMO feedback [1] consists of independent feedback components for SU- and MU-MIMO operation, allowing them to be optimized for each specific transmission mode. This essentially means that the SU-MIMO report is rank-free while the MU-MIMO report is rank-restricted (e.g. to 1). The promised impact to standardization is minimal, with possibility to reuse the Rel-8 feedback framework in terms of both UL feedback and DL codebooks, which sounds appealing at first. However one may question the potential increase in UL feedback of the two SU-/MU-MIMO feedback messages, which in a dynamic switching environment could consume rather important share of UL resource pool while not necessarily translating into performance gains. One may also question the inherent redundancy to such form of feedback.
The feedback schemes falling in this category have as common goal to provide more information on UE channel sub-space structure (i.e. signal and null-space). It is well known that good MU-MIMO design & gains rely mainly on accurate rank-1 PMI, the latter being related to the principal channel direction. It is not completely clear that further improved sub-space knowledge would provide significant performance gains for MU-MIMO. If these gains exist, they are likely to occur in scenarios with lower spatial correlation which are, as discussed previously, less attractive for mainstream MU-MIMO optimization. The potential benefit of increased sub-space information should therefore be investigated under realistic assumptions. In case it proves to be beneficial, there likely exist and one should strive for schemes with lower associated feedback overhead (e.g. lower than N times x-bit overhead for N-dimensional sub-space).
Modular/multi-granular feedback

The modular/multi-granular feedback strategy [2] allows flexible operation of both SU- and MU-MIMO by means of a dual-codebook. The feedback precoder structure is such that it is a function of two matrices belonging to separate codebooks. One of the matrices targets wideband or more generally long term channel properties while the other matrix aims at describing frequency-selective and/or short term channel properties. By decoupling the long and short term channel properties for UE feedback [4], one achieves efficient feedback compression while bridging the SU- and MU-MIMO feedback together. As previously discussed, MU-MIMO is worth optimizing in spatially correlated scenarios where the channel precisely has long term correlation properties, and UE pairing may be efficiently handled with the associated long term (wideband) feedback. SU-MIMO on the other hand relies on short-term (frequency selective) feedback. Overall the wideband feedback component compresses the spatial dimension of the channel while UE-specific rank adaptation and frequency selective precoding build on the short term feedback component. In uncorrelated environments the wideband feedback component will naturally have less significance in comparison to the short term counterpart. The modular feedback proposal may there be seen as complementary to the ones seeking for improved subspace information: the latter may still be provided through the short term component if desired so.
The codebook design itself in support of such type of feedback deserves attention. The short term feedback component may confidently rely on existing Rel-8 codebook design as baseline while for 8 Tx a new codebook is obviously needed. The 8 Tx codebook design itself is described in more details in a companion paper [6]. On the other hand, the codebook for the wideband component needs to be designed entirely from scratch. The size of the wideband codebook deserves thorough study. This is especially true for the case of uncalibrated antenna where the wideband component should still allow relatively accurate beamsteering. 
4 Conclusions

Building on the principle of implicit feedback, this contribution discussed several aspects of the future feedback framework in LTE Rel-10. Deployment scenarios for SU- and MU-MIMO as well as antenna configurations are the key factors to be taken into account in feedback design. While we do not draw a final line on which method to choose at this stage, we have the following recommendations to 3GPP:
· Follow the principle one-feedback-fits-all in order to avoid uneccesary overhead and UE complexity.
· Agree on few baseline antenna configurations to consider for feedback design in LTE-Advanced.
· Further comparisons between feedback frameworks should consider the same amount of UL overhead.
· Any additional complexity to the UE side, needed for feedback computation, should be justified by significant performance gains.
References

[1] R1-100794, Proposal for Rel-10 Feedback Framework, Samsung, Texas Instruments, LG Electronics, NEC, RIM
[2] R1-100798, Proposal for Rel-10 Feedback Framework, Ericsson, ST-Ericsson, Huawei, Panasonic, Texas Instruments
[3] R1-100256, Downlink 8Tx codebook considerations, Huawei.
[4] R1-100051, A flexible feedback concept, Ericsson, ST-Ericsson.

[5] R1-100454, Dynamic SU/MU switching with multi-rank PMI/CQI feedback, Texas Instruments.

[6] R1-101430, 8 Tx codebook design considerations, Nokia, Nokia Siemens Networks.
[7] R1-100203, Codebook for 8Tx DL for LTE-A, Motorola.

