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Information and Discussion
1 Introduction 
The completion of the core requirements in RAN1 means that corresponding core requirements for RAN4 can effectively begin. In this contribution, we provide an overview of the core specifications changes from this work item and in a companion contribution in [1] we provide a preliminary analysis on the impact to RAN4 core specification requirements. 

2 Overview 
In the Rel. 11 study item “Study on further Downlink MIMO enhancements for LTE-Advanced”, the main topics studied were CSI feedback enhancements, issues from real life MIMO deployments and downlink control signalling enhancements. In Release 12, two CSI feedback enhancements were agreed to be included in Rel. 12, the 4Tx PMI feedback codebook enhancement and the aperiodic feedback PUSCH mode 3-2.
2.1 4Tx Codebook Enhancement

The Rel-12 4Tx codebook enhancement mainly targets at cross-polarized antennas and thus reuse the 8Tx dual codebook structure from Rel.10 with W=W1W2.  The precoding matrix W1 is wideband (i.e. reported once per whole system bandwidth) and W2 is reported per subband. And 4 bits are used to select W1 and 4 bits is used to select W2 per subband in condition of W1 selection. Furthermore, the rank 3 and 4 of 4Tx enhanced codebooks reuse the Rel. 8 4Tx rank 3 and 4 codebooks per subband and use the identity matrix for W1 since the observed performance gain with dual codebook structure were insufficient compared to Rel.8 rank 3 and 4 codebook. 
The major changes compared to 8Tx dual codebook design principles are that four beams in W1 are evenly spread over the whole sector (for rank 1 and 2). Hence, by selection of W2 the UE can select different beam directions per subband which implies robustness to time alignment errors and better performance for propagation channels with large angular spread. Moreover, W2 for rank 1 has an additional phase rotation related to column selection which ensures 256 unique DFT-type rank 1 precoding vectors. Those unique vectors were found to be mostly beneficial for a uniform linear antenna array and Multi User (MU) MIMO transmission.
Transmission modes with UE specific reference signals (DMRS), e.g. transmission modes 8, 9 and 10, can support the enhanced 4Tx codebook. This includes all aperiodic CSI reporting modes when PM/RI reporting is configured as well as the periodic feedback modes such as PUCCH 1-1 and PUCCH 2-1. Furthermore, Codebook sub-sampling methods associated with the enhanced 4Tx codebook have been designed to fit with PUCCH payload sizes of 8Tx codebook in order to minimize standards changes and implementation complexity. These sub-sampling methods are described next.

2.1.1 PUCCH Mode 1-1 Submode 1

The joint coding of RI and the index of W1 is given in the Table below.
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2.1.2 PUCCH Mode 1-1 Submode 2
The joint coding of indices of W1 and W2 is given below.
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2.1.3 PUCCH Mode 2-1

The feedback compression for W2 is as below.
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2.1.4 PUSCH Modes
In addition to the enhanced codebook, a new aperiodic CSI feedback PUSCH mode 3-2 is introduced in Rel. 12 with increased CSI accuracy since it provide both subband CQI and subband PMI. Other aspects of this new PUSCH Mode 3-2 CSI 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
· Per subband PMI(s) based on W2 codebook
· PMI sub-band sizes are the same as the CQI sub-band sizes and determined by system bandwidth.
PUSCH 3-2 can be configured for transmission modes 4, 6, 8, 9, and 10 when PMI/RI reporting is configured and with 2, 4 and 8 antennas at the eNB. However PUSCH mode 3-2 can be configured for transmission modes 4 and 6 only when Release 8 codebook is used for CSI/CQI reporting. 

Note: Multi-user CSI enhancements have not been adopted as part of enhanced DL-MIMO. 

2.2 RRC Signalling 
A configuration per CSI process determines whether a UE shall use the Rel. 8 4Tx codebook or the Rel. 12 4Tx enhanced codebook for PMI reporting. The following RRC parameters for Release 12 have been introduced for eDL MIMO.

· alternativeCodebookEnabledFor4Tx-r12
· Each UE can be configured with using either Rel 8 4Tx codebook or using 4Tx dual codebook for deriving CSI feedback and reporting if the UE is configured with 4 antenna ports in TM8, or TM9, or TM10. 
· codebookSubsetRestriction 
· Indicate which codebook entries of 4Tx dual codebook can be used by a UE to derive CSI feedback and reporting. The bitmap size of codebook subset restriction is conditioned on transmission mode, the number of antenna ports, and alternativeCodebookEnabledFor4Tx-r12. 
· aperiodic feedback mode 3-2
· The UE can be configured with aperiodic feedback mode 3-2 to feedback subband PMI and subband CQI
3 Summary

In this contribution, we have provided a summary of the Release 12 enhancements on downlink MIMO. Further discussions on how these enhancements impact RAN4 RRM requirements are provided in [1]. 
4 References
[1] R4-134752, “eDL-MIMO: Core Requirements Impact,” Alcatel-Lucent, RAN4#68bis, October 2013.






















































































































































































































