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1. Introduction

In 3GPP RAN #72bis meeting, the new aperiodic PUSCH feedback mode was discussed. Based on the discussion, the following agreement was achieved:  [1]:
· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback:

· A wideband CQI: 4 bits

· Per subband differential CQI with respect to wideband CQI as PUSCH 3-1 : 2 bits

· A wideband PMI based on W1 codebook

· 2 Tx: 0 bit

· 4 Tx: 

· 0/0 bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for rank 3-4 

· FFS if Rel 12 dual codebook is configured to the UE

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

· Per subband PMI(s) based on W2 codebook

· 2Tx: 2/1 bits for rank 1 – 2 based on Rel 8 2Tx codebook

· 4Tx: 

· 4/4  bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for  rank 3-4 

· FFS for rank 1-4 if Rel 12 dual codebook is configured to the UE

· 8Tx:  0/0/0/0 bits for rank 5 – 8 respectively

· FFS until RAN1#73 for rank 1-4 with codebook sub-sampling

· Subband Size

· Working assumption that the CQI and PMI subband sizes are the same

· Revisit if a problem emerges when finalising the feedback report sizes

· Study further until RAN1#73 whether there is a benefit from allowing different CQI and PMI subband sizes

· Working assumption that the existing CQI and PMI subband sizes are used

· Study further until RAN1#73 whether there is a benefit from RRC-configurable subband sizes

· Additional information in the CSI reports is FFS

· For example CSI feedback enhancements targeted at improving MU performance

In this contribution, we discuss the additional information in the CSI reports for improving MU-MIMO performance.  
2. Enhanced MU-MIMO CSI feedback
In 3GPP RAN #72bis meeting, a way forward [3] was discussed. In the way forward, three alternative schemes were proposed as follows:  
Alt-1: Enhance IMR for IMR based interference measurement for MU interference with multiple CSI processes.  E.g. Interference measurement interval is configurable by the network.  

Alt-2: Support feedback of multiple MU-CQI offsets computed under MU-MIMO hypotheses

Alt-3: UE can be configured to report PMI/RI/CQI assuming eNB transmits either SU-MIMO or MU-MIMO

Here we give our opinions on these three alternatives. Alt 1 and 2 need big specification effort to define new IMR configuration or new feedback content, respectively. As pointed out in [5], the MU-MIMO CSI feedback could be implemented by multiple CSI processes, and there is nearly no additional specification effort. The details are described as follows: 
Based on the current UE-specific reference signaling, when one UE is involved in the DL MU-MIMO operation, the maximum rank for him is only two. In current spec., The UE only reports SU-MIMO CSI information with rank from 1 to 8, which does not match the MU-MIMO operation when the RI is higher than 2.  So the operation of MU-MIMO is still based on SU-MIMO feedback. To further enhance the performance of MU-MIMO, one additional CSI feedback with restricted rank (1 or 2) can be considered. Moreover, when rank is lower, it is also beneficial for MU-MIMO precoding matrix calculation and CQI prediction at the eNodeB side.  

For the additional CSI feedback with restricted rank to enhance MU-MIMO, the function of multiple CSI processes defined in TM10 can be applied. Under this TM mode, two kind of CSI process can be configured. One is the CSI process for the original SU-MIMO CSI feedback, the other one can be CSI process for MU-MIMO with restricted rank. To achieve this, in RRC configuration for the CSI process, one additional field is needed to indicate that this CSI process is for SU-MIMO or MU-MIMO with restricted rank. Except this, all the operation of the CSI feedback just follows the current specification. So the specification effort for this scheme is very small.
In addition, for the alt 3 in the way forward, it can also be supported by the proposed scheme when only SU-MIMO CSI process or MU-MIMO CSI process is configured. However, the proposed scheme can have more flexibility where both SU-MIMO CSI process and MU-MIMO CSI process can be configured at the same time.
Proposal 1: To improve the support of MU-MIMO, multiple CSI processes defined in TM10 can be employed with one additional CSI process with restricted rank which can be configured for MU-MIMO CSI feedback.
3. MU-MIMO CQI definition
If there is one additional CSI process for MU-MIMO with restricted rank, we can further reduce the MU-MIMO CQI mismatch problem by MU-MIMO CQI definition. To derive the MU-MIMO CQI in high accuracy, there can be a pre-defined companion PMI or PMI set from the codebook in the spec., which can reflect the interference from the paired UE. The detailed pre-defined companion PMI assumption will be described as follows.

When calculating the MU-MIMO CQI, in addition to UE-preferred PMI for precoding, a UE can measures a “combined” CQI based on the assumption that the interference is potentially from a set of companion PMIs in the codebook. Companion PMI sets are pre-defined for each PMI in the codebook. A UE simply reports an average CQI for MU based on such set. To reduce the complexity, we can predefine only one PMI from the companion PMI sets for calculating the MU-MIMO CQI.
One way to generate companion PMI set could be selecting the PMIs that are orthogonal to the UE-preferred PMI. Here we give an example of the generation companion PMI set based on the 8 Tx rank1 codebook.
For 8 Tx, 2 stage precoding W1 and W2 are employed, and there are 2 corresponding codebooks with one for wideband and one for subband/wideband. The final precoding matrix is the combination of W1 and W2. Here we only consider rank1 PMIs for MU-MIMO CQI calculation. For 8Tx MU-MIMO CQI calculation, because of 2 stage precoding, it’s better to select the co-scheduled PMIs which can make the final precoding vector orthogonal by combining W1 and W2. The codebook C1 for W1 is not unitary which consists of DFT beams. The codebook C2 for W2 is a vector for beam selection and co-phasing. For rank 1, the final precoding vector after the combination of W1 and W2 is DFT beams with extension by different co-phasing.

Since the codebook size is 16 for both W1 and W2, there are 128 possible final vectors after removing the repetition because of the overlapping. For each index pair of UE-preferred PMI is i1/i2, you can find too many orthogonal vectors from the 128 vectors. In order to reduce the size of companion PMI set, it’s better to select the optimal orthogonal set by the following criteria:

1) The DFT beam involved in the pairing PMI sets are orthogonal 

2) The W2 co-phasing PMIs are also orthogonal. 

Based on these two criteria, if the index pair of UE-preferred PMI is i1/i2, we can get the orthogonal paring PMI sets as follows:

{( i1+4) mod16, (i2+8) mod16; (i1+8) mod16, (i2+8) mod16; (i1+12) mod 16, (i2+8) mod16}
From the above discussion, we have our second proposal as follows:
Proposal 2: To derive the MU-MIMO CQI, there can be a pre-defined companion PMI or PMI set from the codebook in the spec. 
4. Conclusions

In this contribution, we discussed the additional information in the CSI reports for improving MU-MIMO performance. Based on the discussion, there are 2 proposals as follows:
Proposal 1: Proposal 1: To improve the support of MU-MIMO, multiple CSI processes defined in TM10 can be employed with one additional CSI process with restricted rank which can be configured for MU-MIMO CSI feedback.
Proposal 2: To derive the MU-MIMO CQI, there can be a pre-defined companion PMI or PMI set from the codebook in the spec. 
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