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1 Introduction
In 3GPP RAN1 #72, the working assumption regarding on DL MIMO enhancement was made as follow [1]:
Working Assumption:
· 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 feedback mode

· For example CSI feedback enhancements targeted at improving MU performance 

(Note that the current Rel-10 4tx codebook has W=W1W2 structure).
According to the above working assumption, additional features to be specified for the new PUSCH CSI reporting mode could be categorized as follows:
1. Subband PMI reporting on PUSCH (corresponding to PUSCH CSI reporting mode 3-2)
2. W1W2 codebook structure

3. Feedback enhancement for MU-MIMO
This contribution discusses on specification impacts and related details for the first two features which are mainly related to PMI feedback aspects.
2 Discussion on New PUSCH CSI Reporting Mode
Aperiodic PUSCH CSI reporting mode which depends on the number of PMI and the granularity of CQI is given by the parameter cqi-ReportModeAperiodic configured by higher-layer signalling. In Rel-11, UEs can be configured with one of the PUSCH reporting modes shown in Table 1 for each CSI process. If the above new PUSCH CSI reporting mode is supported in Rel-12, it would fill up the red space in Table 1 and correspond to mode 3-2.
Table 1: CQI and PMI feedback types for PUSCH CSI reporting modes.
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	Wideband

(wideband CQI)
	
	
	Mode 1-2

	
	UE Selected

(subband CQI)
	Mode 2-0
	
	Mode 2-2

	
	Higher Layer-configured

(subband CQI)
	Mode 3-0
	Mode 3-1
	


In the following two subsections, details on specification impact by adopting PUSCH reporting mode 3-2 are discussed for two cases with and without W1W2 codebook enhancement.

2.1 Mode 3-2 without 4-Tx Codebook Enhancement
If PUSCH CSI reporting mode 3-2 is adopted and the current Rel-8 4Tx codebook is used without W1W2 codebook enhancement, it could be simply defined by combining RI/CQI reporting aspects in mode 3-1 and PMI reporting aspects in mode 1-2 as follows:
Mode 3-2 description in case of no codebook enhancement:
· For each subband a preferred precoding matrix is selected from the codebook subset assuming transmission only in the subband
· A UE shall report one subband CQI per CW for each set S subband which are calculated assuming the use of the corresponding selected precoding matrix and transmission in the corresponding subband
· A UE shall report one wideband CQI per CW which is calculated assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands
· The UE shall report the selected precoding matrix indicator for each set S subband except with 8 CSI-RS ports configured for TM 9 and 10 in which case a first precoding matrix indicator i1 is reported for the set S subbands and a second precoding matrix indicator i2 is reported for each set S subband
· For TM 4, 8, 9, and 10, the reported PMI and CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1
According to the current TS 36.213 specification, the following PUSCH CSI reporting modes are supported for each of the transmission modes:
· TMs 1, 2, 3, 7: Modes 2-0, 3-0

· TMs 4, 6: Modes 1-2, 2-2, 3-1

· TM 5: Modes 3-1

· TM 8: Modes 1-2, 2-2, 3-1 if with PMI/RI reporting; modes 2-0, 3-0 without PMI/RI reporting

· TMs 9, 10: Modes 1-2, 2-2, 3-1 if with PMI/RI reporting and number of CSI-RS ports > 1; modes 2-0, 3-0 without PMI/RI reporting or number of CSI-RS ports = 1.

Regarding this linkage between TM and CSI reporting mode, one issue to be clarified is which TMs would use the new PUSCH reporting mode. TMs 1/2/3/7 which are irrelevant to PMI reporting can be precluded with respect to the discussion of PUSCH reporting mode 3-2. In addition, TM 5 which cannot support a MIMO transmission with subband precoding cannot take an advantage of subband PMI reporting and can be precluded as well. 
On the other hand, TMs 8/9/10 corresponding to DMRS-based closed-loop MIMO transmission can apply different precoding to each RBG such that PUSCH reporting mode 3-2 can provide a performance gain for such TMs as shown in [2-5]. These TMs could be considered as the baseline transmission schemes for the new PUSCH mode. The new PDSCH mode could also benefit TMs 4/6 which correspond to CRS-based closed-loop MIMO, since the relevant DCI formats include PMI confirmation function which indicates UE to use the precoding according to the latest PMI report on PUSCH. Based on the above, the following observations are made.
Observation 1:

· TMs 1, 2, 3, 5, 7 do not need to support PUSCH CSI reporting mode 3-2

· TMs 8, 9, 10 for DMRS-based MIMO could benefit from the new PUSCH CSI reporting mode

· TMs 4, 6 for CRS-based MIMO also could benefit from the new PUSCH CSI reporting mode by using PMI confirmation function in the relevant DCI formats

Therefore our proposal in case Rel-8 4Tx codebook is used without W1W2 codebook enhancement is to support the new PUSCH reporting mode in TM 4/6/8/9/10 for both CRS-based MIMO and DMRS-based MIMO.
2.2 Mode 3-2 in Case of 4-Tx Codebook Enhancement
If both PUSCH CSI reporting mode 3-2 and W1W2 codebook enhancement are adopted in Rel-12, the new PUSCH CSI reporting mode could be defined as follows:
Mode 3-2 description in case of codebook enhancement:

· For each subband a preferred precoding matrix is selected from the codebook subset assuming transmission only in the subband
· A UE shall report one subband CQI per CW for each set S subband which are calculated assuming the use of the corresponding selected precoding matrix and transmission in the corresponding subband
· A UE shall report one wideband CQI per CW which is calculated assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands
· The UE shall report the selected precoding matrix indicator for each set S subband except with 4 and 8 CSI-RS ports configured for TM 9/10 and 4 CRS ports configured for TM X/Y/Z, in which case a first precoding matrix indicator i1 is reported for the set S subbands and a second precoding matrix indicator i2 is reported for each set S subband
· For TM 4, 8, 9, and 10, the reported PMI and CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1
The red part in the right above description is dependent on how to define the linkage between TMs and the new PUSCH CSI reporting mode with 4-Tx codebook enhancement.

As discussed in the previous subsection, DMRS-based MIMO TMs 8/9/10 would benefit from RBG-level precoding via PUSCH CSI reporting mode 3-2. In such TMs, since precoding is applied in a UE transparent manner, 4-Tx codebook enhancement would not cause any additional specification impact on DCI signalling. 
On the other hand, for CRS-based MIMO transmission corresponding to TMs 4/6, UE should be able to know which precoding matrix is used for the DL transmission. For this reason, DCI formats for TMs 4 and 6 include TPMI field to indicate a precoding matrix in Rel-8 4-Tx codebook which has 16 precoding matrices for each rank. Therefore, such DCI formats should have larger TPMI fields in order to handle the larger W1W2 precoding matrix set of the enhanced codebook. In summary, it is observed for PUSCH CSI reporting mode 3-2 with 4-Tx codebook enhancement that
Observation 2:

· For DMRS-based MIMO TMs, PUSCH CSI reporting mode 3-2 with 4-Tx codebook enhancement would not result in any additional specification impact on DCI signalling
· If PUSCH CSI reporting mode 3-2 with 4-Tx codebook enhancement is supported for CRS-based MIMO TMs, an additional specification support on DCI signalling is expected
Therefore our proposal in case of W1W2 codebook enhancement is to support the new PUSCH reporting mode only for TM 8/9/10 in order to minimize the specification effort taking into account the time plan for Rel-12 DL MIMO enhancement WI.
3 Conclusions
The main issue on this contribution is which TMs would support PUSCH reporting mode 3-2. Based on the discussion, our proposal is as follows:
Proposal:
· If 4-Tx codebook enhancement is not adopted, the new PUSCH CSI reporting mode 3-2 should be applicable to TMs 4/6/8/9/10 for both CRS-based MIMO and DMRS-based MIMO transmissions
· If 4-Tx codebook enhancement is adopted, the new PUSCH CSI reporting mode 3-2 should be applicable to only TMs 8/9/10 for DMRS-based MIMO transmissions
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