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1 Introduction
The WID for DL-MIMO enhancements captures the following objectives [1], 
· Identify reasons for diverse performance evaluation results of the study item. The ratio of outdoor-indoor UEs in Scenario A will be revisited.

· Evaluate CSI feedback enhancements and identify the most promising solution(s). CSI feedback enhancement candidates include:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

· Depending on the outcome of the above studies, specify the selected enhancement(s) together with any necessary supporting signalling. 

In the RAN#71 meeting and subsequent e-mail reflector discussions, evaluation assumptions for the DL MIMO have been thoroughly discussed [2, 3].  In this contribution, we discuss some potential enhancements that can be considered for Release-12 DL-MIMO.
2 Candidate Schemes for Enhancements
The DL-MIMO feedback enhancements have been well studied and the key areas for improvement have been discussed extensively. They are further discussed below,

1.1 Enhanced Codebook

Two-stage codebook proposals can be considered, which can reuse the structure of 8Tx codebook with minimal specification effort. Similar or higher overhead can be targeted.
We propose to apply the double codebook structure (W k, k=1, 2) to rank 1 and 2 and keep Rel. 10 precoding scheme for rank 3 and 4. Denoting the rank (corresponding to RI report) as R, and 

· W1(C1 and W2(C2
· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties,

We propose the recommended precoder W to be built as follows [5].

· For rank R=1 or 2, the precoder W for a subband is the matrix multiplication of the two matrices W2 and W1

W=W2 W1


   where W1 ( C1 and W2 ( C2.
· C2 ={C2,0,…, C2,7} is a 3-bit codebook and W2 is a square unitary 4 x 4 diagonal matrix selected in C2, 

· k=0,…,3: 
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· k=4,5: 
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· k=6,7:    
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· C1 is Rel. 10 4Tx rank-1/2 codebook and W1 is a tall Nt x R matrix selected in C1
· For rank R=3 or 4, a precoder W for a subband is selected in Rel. 10 4Tx rank-R codebook.
The last 4 entries of C2 have been updated to boost the performance in dual-polarized channels.
1.2 Finer Feedback Granularity

As well studied, PUSCH 3-2 feedback mode or similar can be considered to improve subband granularity for CQI and PMI targeting frequency selective MU gains in cross-pol deployments. In light of the increased feedback overhead that is assumed to be supported for CoMP, overhead with PUSCH 3-2 can be considered reasonable.
PUSCH mode 3-2 was proposed in Rel.10 timeframe which gives the benefits to MU-MIMO transmission due to high resolution of channel feedback. Moreover, the impairment of time misalignment among transmission antennas can be overcome by finer CSI feedback granularity. However, the performance enhancement is not significant compared with the increased feedback overhead [4]. In [4], it is shown that the classical PUSCH 3-2 does not provide significant gain over PUSCH 3-1 but significantly increase the feedback overhead. This is partially due to the fact that the CQI and PMI reported in the PUSCH 3-2 targets SU-MIMO and therefore do not help much with MU-CQI prediction and MU scheduling.

In order to improve PUSCH 3-2 and accommodate the report of the best companion CQI and rank restricted feedback, a modified PUSCH 3-2 mode to enable multi-component feedback could be introduced rather than the legacy PUSCH 3-2 as follows

The report in the same subframe includes

· Multiple subband PMI (one per subband)

· One wideband CQI per codeword

· Multiple differential (w.r.t. the wideband CQI) multi-component subband CQI (per subband)

Hence contrary to the legacy PUSCH 3-2, the subband CQI is replaced by the multi-component subband CQI. The overhead of the modified PUSCH 3-2 is similar to the overhead of the legacy PUSCH 3-2.

1.3 Rank Restriction and Multi-component feedback
Dynamic SU/MU multiplexing requires the scheduler to compare the sum rate achieved with SU with that of MU. For this purpose a lower rank feedback is needed. In this case, it is assumed that a MU-CQI can be derived as an approximation of SU-CQI. However supporting a second CQI with rank restriction allows us to perform dynamic SU/MU scheduling.
Therefore, in order to support dynamic switching between SU-MIMO and MU-MIMO in one transmission mode, we could potentially time multiplex the two feedback components as shown in Figure 1. 
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Figure 1. Multiple PMI/CQI/RI Based Feedback
1.4 MU-CQI definitions

To further improve MU-CQI considering the receiver behaviour it was proposed to pre-define a co-channel precoder for each codeword in the codebook. Such precoder can reflect the orthogonal dimension to the selected precoder and capture an average MU-CQI that is likely to be seen in eNB scheduling. An example is given below,
	SU MIMO rank-1 PMI
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Interfering rank-1 PMIs assumed for CQI calculation
	1,2,

3
	2,3,

0
	3,0,

1
	0,1,

2
	5,6,

7
	6,7,

4
	7,4,

5
	4,5,

6
	9,10,

11
	10,11,8
	11,8,

9
	8,9,

10
	13,14,15
	14,15,12
	15,12,13
	12,13,14


Another proposal is for the UE to report the CQI based on the co-channel precoder that achieves worst or best CQI or both.

It was shown that these schemes provide good performance, while slightly increasing complexity and feedback overhead. Considering definitions of multiple CSI processes this may not be an issue, assuming the newly defined UE complexity guidelines are met.

1.5 Extension of Release-11 Features
For Release-11, new features are defined to support CoMP, 

1) Multiple CSI processes to support different CoMP hypothesis
2) CSI-IM resources to support different interference hypothesis.
Some of these features can be reused for MU support with minimal or no specification impact. For example, multiple CSI process can be used to setup SU and MU reporting with configuration of two CSI processes. 
Further co-channel interference can be reflected by the network on the CSI-IM resources. New or modified IMR resources can be considered to enable more accurate measurements of MU-CQI that reflect both network and UE implementations. 
Proposal

1) Consider feedback granularity enhancements, codebook enhancements and multi-component feedback

2) Rel-11 CoMP features with multiple CSI processes and CSI-IM resources shall be used as much as possible to support multi-component feedback and to also reflect co-channel interference for MU-CQI

3 Conclusions
In this contribution, we discussed potential schemes for consideration.

1) Consider feedback granularity enhancements, codebook enhancements and multi-component feedback

2) Rel-11 CoMP features with multiple CSI processes and CSI-IM resources shall be used as much as possible to support multi-component feedback and to also reflect co-channel interference for MU-CQI
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