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1 
Introduction
In the eMIMO work item description [1], it states that 

The work item is based on the evaluations carried out in the DL MIMO enhancement study item and will fulfill the following objective: 

· 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. 
During RAN1 #72, a working assumption was made:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 

· 2 Tx: 0 bit

· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI

· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 

· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2

· 4Tx: FFS with the consideration of codebook enhancement in Rel.12

· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively

· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel

· Additional information in the CSI reports for this new feedbsack mode

· For example CSI feedback enhancements targeted at improving MU performance 

       (Note that the current Rel-10 4tx codebook has W=W1W2 structure). 

  In this contribution, we give our views on CSI feedback design for f-eMIMO.
2 
Considerations on CSI feedback design
Feedback mode 3-2 and new codebook
From simulation evaluation of codebook proposals [3], we have several observations:

1. For the bursty traffic model, with the Rel-8 4Tx codebook and some proposed codebooks, feedback mode 3-2 provides 20% cell edge throughput gain compared to feedback mode 3-1 at arrival rate 2.5 UEs/second/cell.

2. Also for the bursty traffic model, some proposed codebooks can provide an additional gain on the order of 10% over the Rel-8 4Tx codebook at feedback mode 3-2. 
Hence it is a relatively straight forward to conclude feedback mode 3-2 brings enough gain to justify its inclusion of Rel-12 specification.  While the gain brought by a new codebook is less than that brought by the new feedback mode, it is far from negligible. Using Rel-8 4Tx codebook and feedback mode 3-1 as the baseline, clearly there are two possibilities in Rel-12: by specifying feedback mode 3-2 only, a gain around 20% can be achieved; by specifying feedback mode 3-2 and a well performing new codebook, a considerably more gain can be achieved.  We have
Proposal 1: Feedback mode 3-2 shall be included in Rel-12; and a new codebook which brings gains over Rel-8 4Tx codebook shall be included in Rel-12.

Relationship between the new codebook and Rel-8 4Tx codebook

When a new codebook is introduced in Rel-12, we need to decide how it will be operated along with the Rel-8 4Tx codebook (legacy codebook). It is expected with transmission modes 3/4, the legacy codebook is still used. From our evaluation of feedback mode 3-1, it is found even with single PMI (feedback mode 3-1), a new codebook can bring non-negligible gains over Rel-8 4Tx codebook (legacy codebook in the following).From that, it seems not necessary to support both the new codebook and legacy codebook in one transmission mode in Rel-12. Of course, when a UE is initially attached to the network, the legacy codebook needs to be assumed until both the eNB and UE find out each other supports the new codebook.  Then the new codebook can be used after RRC configuration which can constitute a change in transmission mode or a change in the submode under the same transmission mode.  In the later case one submode operates with the legacy codebook, another operates with the new codebook. So from a UE’s point of view, only one 4Tx codebook is used at any moment. Now looking from the eNB’s point of view, as a network may have UEs at different Releases, both the legacy 4Tx codebook and new codebook are supported.   We have

Proposal 2: Striving to have a clean design with the new codebook in Rel-12, avoid the simultaneous operation of the new codebook and legacy codebook.  
From the working assumption reached at RAN1 #72, it is clear while the standardization effort required for 2Tx and 8Tx is rather manageable to support the new feedback mode (i.e. mode 3-2), many details for 4Tx still need to be defined and the involved standardization work can be quite substantial. Given the work item is supposed to finish by RAN1 #73, there is a risk that the relevant standardization work may not conclude on schedule. 

In our view, the design from 8Tx codebook in Rel-10 can offer useful reference and the 4Tx new codebook and  corresponding support in the new feedback mode does not need to start from scratch.  From the codebook proposals submitted by the March 8th deadline, majority of them have codebook sizes comparable with Rel-10 8Tx codebook’s for rank 1 and rank2 [3]. From that, we have 

Proposal 3: Rel-10 8Tx codebook design and accompanying signaling design can be used as reference for the new 4Tx codebook and relevant CSI feedback design. Especially, both wideband PMI and per subband PMI have 4 bits for the new codebook at ranks 1/2.
 4
Conclusion

 In this contribution, we discuss CSI feedback design to support feedback mode 3-2 and new codebook. We have 
Proposal 1: Feedback mode 3-2 shall be included in Rel-12; and a new codebook which brings gains over Rel-8 4Tx codebook shall be included in Rel-12.

Proposal 2: Striving to have a clean design with the new codebook in Rel-12, avoid the simultaneous operation of the new codebook and legacy codebook.
Proposal 3: Rel-10 8Tx codebook design and accompanying signaling design can be used as reference for the new 4Tx codebook and relevant CSI feedback design. Especially, both wideband PMI and per subband PMI have 4 bits for the new codebook at ranks 1/2.
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