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1. Introduction
Average spectral efficiency and cell-edge user throughput are the main challenges for LTE-A to fulfil the ITU-R requirements for IMT-Advanced systems and to provide practical deployment improvements to enhance user experience. To address these challenges, feedback for MU-MIMO is agreed to be enhanced in Rel-10. 

According to the agreed way forward for Rel-10 feedback [1], a precoder 
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 for a subband is composed of two matrices, one of which targets wideband and/or long-term channel properties, denoted by 
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, and the other targets frequency-selective and/or short-term channel properties, denoted by 
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. So far, many proposals have been made for the detailed implementation of this two-stage feedback framework (see [3-9]). 
In this document we give our point-of-view about the way forward for converging these proposals towards a viable solution for Rel-10.
2. Feedback reporting over PUCCH
The importance of the user scheduling/pairing mechanism for MU-MIMO has been shown in many papers. 

From a RAN1 perspective, user scheduling/pairing is a vendor specific operation. On the other hand, the Layer 1 specifications should support and facilitate the possibility of designing non-trivial scheduling/pairing algorithms, by providing suitable feedback signaling over PUCCH and PUSCH. Given the amount of resources available, the feedback signaling design over the PUCCH is the more challenging.  

A first feature to enable effective user pairing is the subband report over PUCCH. As agreed in RAN1#61, two CSI reporting modes will be supported on the PUCCH; in “CSI Mode 1”, W1 and W2 are sent in different subframes, and the reporting includes subband CQI and subband W2 as well as wideband CQI, wideband W1 and wideband W2.
A second important feature is the possibility of transmitting W1 with irregular periodicity. The are several motivations for this. First, in the real world W1 does not change with a regular periodicity, as shown in [10].  Second, W1 should be able to be switched off, for example for SU-MIMO operations. Third, sending back W1 more rarely would avoid the need to use codebook subsampling.

We propose that the wideband/long-term feedback (corresponding to 
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) should be updated only when the UE detects a variation of the wideband/long-term characteristics of the channel beyond a threshold. This threshold would be configured semi-statically by RRC signalling to the UE. One particular value of the threshold would signal the UE to only send W2.
A simple and robust way to indicate whether a particular reporting cycle includes a W1 report would be to modify the RI, as this is heavily protected by coding. We propose adding one extra bit to the RI to indicate whether the forthcoming cycle includes W1 or not, as described in [13].

Therefore we propose:
1) In “CSI Mode 1”, W1 and W2 should be sent in different subframes, and subband CQI and subband W2 should be reported as well as wideband CQI, wideband W1 and wideband W2.

2) Wideband/long-term feedback (corresponding to 
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) should be updated only when the UE detects a variation of the wideband/long-term characteristics of the channel beyond a threshold. This threshold is configured semi-statically by RRC signalling to the UE. One particular value of the threshold signals the UE to only send W2.
3. 4TX codebook design
In [12] operators clearly stated that 4TX antenna deployments should be prioritized w.r.t. to 8 TX antenna deployments. 

In [11] we showed that improving the Rel. 8 codebook for MU-MIMO operations with 4 TX antennas is very important in order to meet the ITU-R requirements. For ULA, we observed a 14-23% gain in cell average throughput depending on the angular spread, simultaneously with a 5-10% gain in cell edge throughput using our adaptive codebook proposal for the W1 / W2 feedback (see [14]).  The corresponding gains for a CLA2X configuration are 7-11% and 13-14% respectively.
Alternative proposals would consider a differential codebook (see for example [7]) or an extension to 4TX of the 8TX antenna proposal in [9]. Whichever solution is adopted it is clear that significant improvements for 4 TX MU-MIMO performance are achievable. 
For W2, one possibility is to reuse the Rel-8 codebook, whereas a new codebook should be introduced for W1 to exploit the spatial correlation. 
In addition, the CQI definition should be modified in order to target both SU and MU operations.
Therefore we propose:

1) Rel. 8 codebook can be reused for W2, and W1 could be switched off for single user MIMO operations.
2) CQI definition modification to target both SU and MU MIMO is important. The Rel-8 CQI reports do not assume any interference from co-scheduled MU-MIMO users, and are thus optimised for SU-MIMO. This does not appropriately reflect the rate achievable with MU-MIMO. 
MU-MIMO can be taken into account either by means of two different CQI reports, one assuming no interference for SU-MIMO and one assuming lower-bounded SINR for MU-MIMO, or by jointly optimising the W1/W2 PMI selection for SU- and MU-MIMO as described for example in [15, 16].  The latter approach seems preferable as it supports dynamic SU-MU switching without doubling the CQI-reporting overhead. 
4. 8TX codebook design

In [11], for ULA, we observed a 7-17% gain in cell average throughput depending on the angular spread, simultaneously with a 5-15% gain in cell edge throughput using our adaptive codebook proposal for the W1 / W2 feedback (see [14]). The corresponding gains for a CLA4X configuration are 4-15% and 6-13% respectively.

Alternative proposals would consider differential codebook (see for example [7]) or the 8TX antenna proposal in [9]. 
As for 4TX, the CQI mechanism should be also redesigned in order to target both SU and MU operations.
5. Conclusions

As discussed above, we see the following priorities for completing the MIMO feedback enhancement in Rel-10:

For PUCCH feedback:

1) In “CSI Mode 1”, W1 and W2 should be sent in different subframes, and subband CQI and subband W2 should be reported as well as wideband CQI, wideband W1 and wideband W2.

2) Wideband/long-term feedback (corresponding to 
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) should be updated only when the UE detects a variation of the wideband/long-term characteristics of the channel beyond a threshold. This threshold is configured semi-statically by RRC signalling to the UE. One particular value of the threshold signals the UE to only send W2.
For 4 Tx feedback:

1) Rel. 8 codebook can be reused for W2, and W1 could be switched off for single user MIMO operations.
For both 4 Tx and 8 Tx feedback:

1) The CQI definition should be modified to target both SU and MU MIMO operation. This could be by assuming the lower-bound SINR taking into account the non-selected PMIs, or by jointly optimising the PMI for SU- and MU-MIMO; the latter approach seems preferable as it supports dynamic SU-MU switching without doubling the CQI-reporting overhead.
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