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1 Introduction

In RAN1 #72bis, the following working assumption for details of CSI feedback modes has been agreed for further downlink MIMO enhancement in Rel-12 [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

· Confirm working assumption of using Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The new aperiodic PUSCH feedback mode 3-2 can be only configured for DMRS-based transmission mode 8,9, and 10 when PMI/RI reporting is configured;

· Working assumption that the aperiodic PUSCH feedback mode 3-2 can be configured for TM4,6 when the Rel-8 codebook is used
· Revisit at RAN1#73 if a problem is found with TM4, 6, or if no gain is found. 
· A new Rel-12 codebook is not applicable to TM4,6
· Assuming a new 4Tx codebook is introduced, it should be supported for all aperiodic reporting modes that are valid for TMs 8,9,10 when PMI/RI reporting is configured and periodic feedback modes 2-1 and 1-1 
· Assuming a new 4Tx codebook is introduced, RRC configuration per CSI process determines whether the UE uses the Rel-8 4Tx codebook or the Rel-12 dual codebook.  

Some other details related to the new PUSCH mode 3-2 and other legacy feedback modes were left for further study. In this contribution, we provide our views regarding transmission modes, subband size of PMI/CQI feedback, and feedback size of wideband or subband PMI when configured with new PUSCH mode 3-2, and codebook subsampling method when configured with periodic feedback modes. Detailed 4Tx Rel-12 dual codebook design and discussion of MU-CQI can be found in our companion contributions [2-4]. 
2 Details of PUSCH Mode 3-2

2.1 Transmission Modes
The new aperiodic PUSCH feedback mode 3-2 is agreed to be supported for DMRS-based transmission modes 8, 9, and 10 when PMI/RI reporting is configured. A Rel-12 UE can support both 4Tx legacy codebook, for operation in legacy networks at least, and the new enhanced codebook.  Whether the UE should use the Rel-8 4Tx codebook or the Rel-12 4Tx dual codebook is configured by higher layer signaling per UE per CSI process in TM 10.  With such higher layer signaling, transmission modes 8, 9 and 10 can support enhanced 4Tx feedback with minimal specification impact because the actual precoding matrix used for transmission is transparent to UE due to DMRS based demodulation.
Rel-12 4Tx enhanced codebook is agreed to be not applicable for CRS-based transmission modes because the dual codebook may need a larger DCI size for TPMI to accommodate both the first and second precoding indices, which leads to a new DCI format or a new transmission mode.  On the other hand, it is agreed as working assumption that aperiodic feedback mode 3-2 may be supported in transmission modes 4 and 6 for CSI reporting.  It is expected that feedback mode 3-2 with legacy 4Tx codebook can improve the performance for transmission modes 4 and 6 by taking advantage of finer PMI frequency feedback granularity. The relative performance gain between feedback mode 3-2 versus feedback mode 3-1 in transmission modes 4 and 6 may be similar to or slightly less than (due to limitation of wideband TPMI)  the relative performance gain in transmission modes 8, 9 and 10. The UEs can be served more efficiently due to more accurate precoding for transmission and faster resource reallocation. Such positive impact of feedback mode 3-2 can be applied to transmission modes 4 and 6 similarly. For simplicity of the specifications, it could also be supported for transmission mode 5. 
Proposal 1: Confirm the working assumption that the new aperiodic feedback mode 3-2 can be configured for transmission modes 4 and 6, and also support it in transmission mode 5.
2.2 Subband Size
The subband size of PMI/CQI in feedback mode 3-2 needs to be further discussed. The UL overhead with PUSCH mode 3-2 is increased compared to PUSCH mode 3-1 due to additional subband PMI feedback. Using finer subband sizes of CQI or PMI can provide further frequency selectivity, link adaptation, MU pairing and beamforming gain.  However UE complexity and UL feedback overhead will be increased proportionally as the result of increased number of subbands of CQI/PMI reporting.
On the other hand, a relatively easy and flexible way to reduce feedback overhead is to allow varied PMI subband sizes, and indicate it to UE by higher layer signaling. It is well known that the PMI subband size is related to the channel coherence bandwidth which can be UE-specific and estimated by the eNB through UL sounding. If the propagation channel of a UE is relatively static and has less frequency selectivity due to relatively strong LoS channel component, a larger subband size may be configured to the UE.  Therefore using finer subband size for better performance or using larger subband size for UL overhead reduction is up to eNB’s implementation in order to reflect UE-specific channel condition, and flexibly balance UL overhead and performance gain.  The subband size defined in Rel-11 is a good starting point and other subband sizes, e.g. 2 times larger, can be discussed further. 
Proposal 2: Different subband sizes of PMI reporting can be configured by higher layer signaling for aperiodic feedback mode 3-2.
Proposal 3: The subband size of CQI reporting in aperiodic feedback mode 3-2 is the same as that of CQI reporting in aperiodic feedback mode 3-1.
2.3 Feedback Size
The UEs configured with PUSCH mode 3-2 should report the selected single precoding matrix indicator based on W2 codebook in each subband for 4 and 8 antenna ports, conditioned on the wideband first PMI feedback. From our view, codebook compression by codebook sub-sampling in feedback mode 3-2 is less preferred in order to preserve performance gain of PUSCH feedback mode 3-2 over mode 3-1 for 2/4/8 antenna ports. Most of the existing simulation activities have assumed complete dual codebook feedback without codebook sub-sampling. The UL overhead reduction can be easily implemented by configuring a larger PMI subband size which can achieve similar effect of feedback overhead reduction by sacrificing channel quantization granularity, and codebook/port specific subsampling mechanism can be avoided for the sake of saving standards effort. Hence the following feedback sizes of subband PMI for 4 and 8 antenna ports are proposed for aperiodic feedback mode 3-2:
Proposal 4: For 4 antenna ports configured with aperiodic feedback mode 3-2, feedback sizes of wideband PMI reporting are 0/0/0/0 bits for rank 1-4 respectively and feedback sizes of subband PMI reporting are 4/4/4/4 bits for rank 1-4 respectively if Rel-8 codebook is configured to the UE.
Proposal 5: For 4 antenna ports configured with aperiodic feedback mode 3-2, feedback sizes of wideband PMI reporting are 4/4/2/2 for rank 1-4 respectively and feedback sizes of subband PMI reporting are 4/4/4/3 bits for rank 1-4 respectively if Rel-12 dual codebook is configured to the UE.
Proposal 6: For 8 antenna ports, feedback sizes of subband PMI reporting are 4/4/4/3 for rank 1-4 respectively without codebook sub-sampling in aperiodic feedback mode 3-2.
3 Codebook Sub-sampling for Periodic Feedback Modes
A new 4Tx dual codebook has been agreed to be supported in periodic feedback modes 2-1 and 1-1. To support enhanced 4Tx codebook in PUCCH mode 2-1 and 1-1, the feedback reduction techniques like 8Tx codebook subsampling can be reused although the payload size of 4Tx has to be updated accordingly when the codebook details are finalized. 
Codebook subsampling for W1 may be feasible by removing some design properties of W1 codebook, for example removing codewords with beam overlapping or reducing DFT granularity of W1.  Codebook subsampling for W2 may be done by restricting candidates of column selection, or restricting co-phasing terms, or removing codewords with different beam selection between two polarizations, or removing codewords with different beam selection among layers. 
To minimize the standards impact and reduce feedback overhead, it may be more preferable that enhanced 4Tx codebook payload size should be the same as or less than 8Tx for rank 1-4 and for W1/W2 at least. For PUCCH mode 1-1 with submode 1, joint encoding of RI and W1 from 8Tx codebook subsampling may be reused directly for Rel-12 4Tx dual codebook with rank 1/2 up to 4 bits and rank 3/4 up to 5 bits for PUCCH reporting type 5. Codebook subsampling for W2 codebook is not needed in submode 1.  For PUCCH mode 1-1 with submode 2, jointly encoding W1 and W2 with total payload size of 4 bits for rank 1-4 is used for 8Tx codebook subsampling. Hence, at most 4 bits should be applied to submode 2 with Rel-12 4Tx dual codebook for PUCCH reporting type 2c to minimize impact on standards. For PUCCH mode 2-1, codebook subsampling of W2 is defined in LTE Rel-10 for rank 2/3/4 for 8Tx codebook without W1 codebook subsampling. Hence the payload sizes of PUCCH feedback mode 2-1 configured with Rel-12 4Tx dual codebook is preferred to be up to 4/2/2/2 for rank 1/2/3/4 respectively for PUCCH reporting type 1a. 
Proposal 7: In PUCCH feedback modes 2-1 and 1-1, payload sizes of Rel-12 4Tx dual codebook should be the same as or less than 8Tx for each rank and each PUCCH reporting type.
4 Conclusions
In this contribution, several proposals related to CSI feedback modes are proposed, which are
Proposal 1: Confirm the working assumption that the new aperiodic feedback mode 3-2 can be configured for transmission modes 4 and 6, and also support it in transmission mode 5.
Proposal 2: Different subband sizes of PMI reporting can be configured by higher layer signaling for aperiodic feedback mode 3-2.
Proposal 3: The subband size of CQI reporting in aperiodic feedback mode 3-2 is the same as that of CQI reporting in aperiodic feedback mode 3-1.
Proposal 4: For 4 antenna ports configured with aperiodic feedback mode 3-2, feedback sizes of wideband PMI reporting are 0/0/0/0 bits for rank 1-4 respectively and feedback sizes of subband PMI reporting are 4/4/4/4 bits for rank 1-4 respectively if Rel-8 codebook is configured to the UE.
Proposal 5: For 4 antenna ports configured with aperiodic feedback mode 3-2, feedback sizes of wideband PMI reporting are 4/4/2/2 for rank 1-4 respectively and feedback sizes of subband PMI reporting are 4/4/4/3 bits for rank 1-4 respectively if Rel-12 dual codebook is configured to the UE.
Proposal 6: For 8 antenna ports, feedback sizes of subband PMI reporting are 4/4/4/3 for rank 1-4 respectively without codebook sub-sampling in aperiodic feedback mode 3-2.
Proposal 7: In PUCCH feedback modes 2-1 and 1-1, payload sizes of Rel-12 4Tx dual codebook should be the same as or less than 8Tx for each rank and each PUCCH reporting type.
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