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1 Introduction

The working assumptions of CSI feedback enhancement were achieved in RAN1 #72[1], targeted at improving the performance of downlink MIMO. 
Working Assumptions:

· 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).
In this contribution, the details of aperiodic PUSCH feedback mode are discussed, together with our recommendations.
2 PUSCH feedback mode 3-2
The performance of MU-MIMO is more sensitive to inaccurate CSI feedback than that of SU-MIMO, therefore, CSI feedback enhancement is necessary to improve the performance of MU-MIMO. PUSCH feedback mode 3-2 is mentioned in Rel-11 for CSI feedback enhancement. PUSCH feedback mode 3-2 refers to subband PMI and subband CQI feedback. Hence, the performance improvement could be expected by increasing the granularity of frequency-selective precoding. The simulation results in Table 1 show that PUSCH 3-2 can provide about 4.88% and 6.25% gain in cell average and cell edge performance over PUSCH 3-1. Therefore, PUSCH 3-2 can be adopted as a new aperiodic PUSCH feedback mode in Rel-12.
Table 1: Throughput comparison (in bps/Hz, 4x2 cross-polarized, 0.5λ, scenario A)
	SU/MU-MIMO
	Cell Average
	Cell Edge

	Rel-8 Codebook, PUSCH mode 3-1
	1.8711 
	0.0512 

	Rel-8 Codebook, PUSCH mode 3-2 
	1.9624 
	4.88%
	0.0544 
	6.25%


Proposal 1: PUSCH feedback mode 3-2 can be adopted as a new aperiodic PUSCH feedback mode in Rel 12.
3 PMI feedback bit size
For PUSCH feedback mode 3-2, the feedback contains RI, subband CQI，wideband PMI and subband PMI. It is mentioned that the payloads of CQI and RI feedback are the same as those of PUSCH feedback mode 3-1 in Rel-10, while the subband PMI and the wideband PMI should be determined with the considered codebook enhancement. In [2], a dual-codebook structure based 4Tx codebook was proposed for rank 1 and rank 2 transmission, in which the precoder 
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 is an 4 x 1 DFT vector comes from a set consist of 16 elements, which can be determined by 4 bits.
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 matrix consist of 8 elements, which can be determined by 3 bits. 
· The detail of the dual-codebook design can be found in [2].

Since there is little performance improvement room for high rank transmission, it is proposed to reuse the single-codebook structure of the 4Tx codebook of Rel-10 for rank 3 and rank 4 transmission [2]. Therefore, we propose that:
Proposal 2: For long term/wideband PMI, 4/4/0/0 bits are used for rank 1-4 respectively, for short term/subband PMI, 3/3/4/4 bits are used for rank 1-4 respectively.
4 Conclusion

In this contribution, the details of aperiodic PUSCH feedback mode are discussed. Our proposals are summarised as follows:
Proposal 1: PUSCH feedback mode 3-2 can be adopted as a new aperiodic PUSCH feedback mode in Rel-12.

Proposal 2: For long term/wideband PMI, 4/4/0/0 bits are used for rank 1-4 respectively, for short term/subband PMI, 3/3/4/4 bits are used for rank 1-4 respectively.
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Appendix: simulation assumptions

Table 3: The simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Cell average throughput, cell-edge user throughput

	Deployment scenarios
	Scenario A

	Simulation case
	3GPP-Case1

	High power RRH Tx power 
	46 dBm in a 10MHz carrier

	Number of UEs per cell
	10

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU/MU-MIMO dynamic switching, two co-scheduled UEs

	CSI/CQI delay
	5TTIs

	Overhead 
	3 OFDM symbols for DL CCHs, 4 REs/RB for CSI-RS, 12 REs/RB for DM-RS, 2 CRS ports 

	Scheduler
	PF metrics

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	Antenna configuration
	2 columns, cross-polarized on each column 

	Antenna pattern
	3D

	eNB Antenna tilt
	15 degrees

	Antenna gain + connector loss
	14 dBi in 3GPP Case 1

	Feedback scheme
	PUSCH mode 3-1/3-2

	Channel estimation
	Non-ideal estimation through CSI-RS and IMR with estimation error, i.e., 
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 is related to SINR.

	UE receiver
	MMSE-IRC receiver, the covariance matrix is model as 
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, and A is generated according the complex Wishart distribution.

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer

	Indoor / outdoor modeling
	100 % UEs dropped outdoor
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