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1 Introduction

In RAN1 #72 following working assumptions for a new aperiodic PUSCH feedback mode have been agreed for further downlink MIMO enhancement in Rel 12 [1].  

· 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 feedback mode

· For example CSI feedback enhancements targeted at improving MU performance
It is for further study and evaluation about subband size, detailed codebook structure of 4 CSI-RS ports, and additional information in the CSI reports for this new feedback mode targeting at improved MU performance. In this contribution, we provide our views regarding some other details related to legacy and new feedback modes. Detailed 4Tx codebook design and discussion of MU-CQI can be found in our companion papers [2-3]. 
2 Transmission Modes
As per the agreed working assumption, the 4Tx codebook enhancement will focus on DMRS based transmission modes in Rel 12 since DMRS based demodulation is transparent to codebook design and can provide further eNB implementation flexibility, especially for MU-MIMO. 
A Rel 12 UE will need to support both 4Tx legacy codebook, for operation in legacy networks at least, and the new enhanced codebook. Therefore it is necessary to consider a mechanism to support both 4Tx codebook designs smoothly for DMRS-based transmission modes. Such codebook switching can be realized by either a higher layer signaling within existing transmission modes or a new transmission mode. With a new higher layer signaling, Rel 12 UE can be indicated when it should use the new codebook for feedback instead of the legacy codebook. With such higher layer signaling, transmission modes 8, 9 and 10 can support enhanced 4Tx feedback with minimal impact because the actual precoding matrix used for DMRS based demodulation is transparent for the UE. Alternatively, a new transmission mode, which may be based on transmission mode 10 but with the new feedback, could be introduced in Rel 12 so that 4Tx new codebook enhancement would be supported only in such new mode, which may provide cleaner separation of features between legacy releases and Rel 12. 

Both approaches would be feasible, but since the new codebook is equally applicable to all the TMs 8-10, our preference is to introduce new higher layer signalling to enable the new codebook in any of TMs 8-10 which enables the new codebook, or even codebook design in future releases, to be used by a network that could simply update from TM8, 9 or 10 to support the new codebook. 
Proposal 1: Switching between legacy and enhanced 4Tx codebooks is supported by higher layer signalling in TMs 8, 9 and 10.     
For CRS based transmission modes, the TPMI is signalled in the DCI, and therefore a new DCI format might be required if the indication of the new 4Tx two stage codebook were to be supported for CRS based transmission modes, for example by increasing the DCI format size to signal both the first and second precoding indices. Alternatively, the first precoding index could be assumed to be the same as the UE feedback so that the DCI formats of transmission mode 4-6 would only need to convey the second precoding index. However, most evaluations for 4Tx codebook enhancement so far have assumed DMRS based transmission modes. The benefits of using the new codebook for CRS based transmission modes are not very clear.
3 Aperiodic and Periodic Feedback Modes
For aperiodic feedback modes 1-2, 3-1, 2-2 and new aperiodic mode 3-2, corresponding first and second matrix indicators of 4Tx enhanced codebook can be fed back at wideband and/or subband level by a similar way as the 8Tx aperiodic feedback. Such extension seems to be straightforward.

To support the enhanced 4Tx codebook within periodic feedback mode 2-1, the feedback mechanism of 8Tx can be reused although PUCCH report type payload size of 4Tx has to be updated accordingly when the codebook details are finalised. To minimize the standards impact, it may be more preferable that enhanced 4Tx codebook payload size should be the same as or less than 8Tx for each rank and for W1/W2 at least. Therefore corresponding payload sizes of PUCCH report type 1a, 2a, and 2b are expected to be updated according to final 4Tx codebook design.
Supporting enhanced 4Tx codebook within periodic feedback mode 1-1 is more complicated due to subsampling for submode 2 and joint encoding of RI and the first PMI indicator in submode 1. Therefore we suggest that whether to support the enhanced 4 Tx codebook in mode 1-1 is FFS until all details of enhanced 4Tx codebook design is clarified. 

Therefore if 4Tx codebook enhancement is introduced in Rel 12, aperiodic feedback modes 1-2, 2-2, 3-1 and 3-2, and at least periodic feedback mode 2-1, should support the new 4Tx codebook; periodic feedback mode 1-1 is FFS. 

Proposal 2: Enhanced 4Tx codebook should be supported in aperiodic feedback modes 1-2, 2-2, 3-1 and 3-2, and at least periodic feedback mode 2-1.
4 Details of new PUSCH Mode 3-2

The new aperiodic feedback 3-2 is a combination between mode 1-2 and 3-1. It is configured by higher-layer signaling when the UE is configured with PMI/RI reporting. 
Wideband PMI: the UE should report the selected single precoding matrix indicator for the set S subbands for 4 and 8 CSI-RS ports consisting of the first PMI. For 2 CSI-RS ports, only one PMI needs to be fed back, selected from the Rel-8 2Tx codebook. 

Subband PMI: the UE should report the selected single precoding matrix indicator for each subband for 4 and 8 CSI-RS ports consisting of only the second PMI, conditioned on the wideband first PMI. For 2 CSI-RS ports, the subband PMI is selected from the Rel 8 2Tx codebook. 

Wideband CQI: the UE should report a wideband CQI value per codeword for the set S subbands for 2, 4 and 8 CSI-RS ports assuming that the transmission on each subband is precoded by the selected precoding matrix. Note that the wideband CQI provides a reference value for differential subband CQI feedback to reduce overhead of CQI feedback. 
Subband CQI: the UE should report a subband CQI value per codeword for each subband for 2, 4 and 8 CSI-RS ports assuming that the transmission on each subband is precoded by a precoding matrix which is the product of selected wideband first PMI and subband second PMI. Subband CQI values for each codeword can be differentially coded with respect to the wideband CQI, as in PUSCH mode 3-1. 

Proposal 3: Aperiodic feedback mode 3-2 provides wideband first PMI, wideband CQI, subband second PMIs and subband CQIs. 

One remaining question of the new feedback mode is the subband size for subband PMI and CQI reporting. The UE complexity with feedback mode 3-2, if the subband size is unchanged, is similar with mode 2-2. But UL overhead is increased (depending on 4Tx codebook design) compared to mode 3-1 due to additional subband PMI feedback.  Compared to aperiodic feedback mode 3-1 whose subband size is determined by system bandwidth, the motivation of using even finer CQI/PMI reporting granularity at frequency domain is to provide further frequency selection gain, MU pairing, and beamforming gain. However making the subband granularity finer will increase the UE complexity proportionally as the result of increased number of subbands, as well as increasing UL overhead proportionally. 
The subband size of feedback is related to the channel coherence bandwidth which is UE specific. Moreover using finer subband size for greater performance gain or using larger subband size for reducing UL overhead may be up to eNB implementation in order to balance UL overhead and scheduling decision.  Therefore it may be beneficial to consider a higher layer signaling to indicate the UE a subband size for subband PMI/CQI feedback, instead of fixed subband size related to system bandwidth as in Rel-8. The subband size defined in Rel 11 is a good starting point and other subband sizes are FFS.  Other compression techniques for aperiodic feedback mode 3-2 could be considered further if there is time. 
Proposal 4: The subband size of PMI/CQI feedback can be configured by a higher layer signaling in aperiodic feedback mode 3-2. 
5 Conclusions
In this contribution, several proposals related to CSI feedback modes are suggested for LTE R12 WI on further downlink MIMO enhancement, which are
Proposal 1: Switching between legacy and enhanced 4Tx codebooks is supported by higher layer signalling in TMs 8, 9 and 10.     
Proposal 2: Enhanced 4Tx codebook should be supported in aperiodic feedback modes 1-2, 2-2, 3-1 and 3-2, and at least periodic feedback mode 2-1.
Proposal 3: Aperiodic feedback mode 3-2 provides wideband first PMI, wideband CQI, subband second PMIs and subband CQIs. 

Proposal 4: The subband size of PMI/CQI feedback is configured by a higher layer signaling in aperiodic feedback mode 3-2. 
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