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1. Introduction

So far, two types of CQI enhancement have been proposed such as MU-MIMO CQI introduction and PUSCH mode 3-2 employment [1]-[4]. The former approach may give system performance benefit for MU-MIMO transmission by reducing CQI mismatch while the latter approach could increase frequency domain CSI accuracy. However, no progress has been made on this issue so far.
Therefore, in order to finalize the Rel-10 feedback issue, we further investigate these two approaches in this contribution. 

2. Further investigation on CQI enhancement
As a CQI enhancement scheme, MU-MIMO CQI introduction has been proposed to reduce CQI mismatch for MU-MIMO scheduling at the transmitter since SU-MIMO CQI has been only available so far. This may allow flexible scheduling between SU-MIMO mode and MU-MIMO mode so that the system performance can be further optimized. On the other hand, to support dynamic switching between SU-/MU-MIMO modes, the MU-MIMO CQI should be fed back on top of the SU-MIMO CQI, thus requiring additional room for MU-MIMO CQI feedback. 

As an alternative, the PUSCH reporting mode 3-2 has been also proposed to increase the feedback accuracy by allowing finer frequency feedback granularity for PMI.  Although PUSCH reporting mode 3-2 doesn’t required additional MU-MIMO CQI feedback, the feedback overhead is still increased due to finer PMI feedback granularity.

The table 1 shows a required feedback overhead according to the CQI enhancement schemes in 4Tx cases. As seen in the table 1, both CQI enhancement schemes increases significantly feedback overhead as compared with the PUSCH reporting mode 3-1 and the feedback overhead increment gets more significant as the system bandwidth becomes wider. Therefore, the sufficient performance gain should be shown in order to introduce the CQI enhancement schemes.

Table 1. Required feedback overhead in 4Tx
	Feedback information
	Rank-1
	Rank-2~ 4

	PUSCH reporting mode 3-1
	CQI: 4 + 2 x N

PMI:        4
	CQI: (4 + 2 x N) x 2
PMI:        4

	
	22, 26, 34

(5, 10, 20MHz)
	40, 48, 64

	PUSCH reporting mode 3-1 with additional MU-MIMO CQI
	CQI: (4 + 2 x N) x 2
PMI:        4
	CQI: (4 + 2 x N) x 3
PMI:        4 x 2

	
	40, 48, 64
	62, 74, 98

	PUSCH reporting mode 3-2 
	CQI: 4 + 2 x N

PMI:   4 x N
	CQI: (4 + 2 x N) x 2
PMI:      4 x N

	
	46, 58, 82
	64, 80, 112


N: The number of subbands
L:  Required number of bits for selected band indication

To see the performance benefits of the CQI enhancement schemes, we evaluated system level performance of each scheme based on MU-MIMO transmission as shown in the tables 2. For the evaluation, it is assumed that only one layer is allocated for a UE and the maximum number of UE for MU-MIMO scheduling is restricted to 2. For MU-MIMO CQI calculation, a UE finds a preferred beam vector as similar with SU-MIMO and other interfering beam vectors are predefined in the table [4] so that the MU-MIMO CQI is calculated based on the precoder which is formed by one preferred beam vector and three interfering beam vectors in order to take co-channel interference into account. 
Table 2. System performance based on MU-MIMO (4x2, max. 2 UE,  UMi)
	Feedback information
	Cross-polarized (4 λ)

Antenna
	Co-polarized (0.5 λ)
Antenna

	
	Average SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	PUSCH mode 3-1
	1.70

(0.00%)
	0.0560

(0.00%)
	2.22
(0.00%)
	0.0911
(0.00%)

	PUSCH mode 3-1 with additional MU-MIMO CQI
	1.70

(0.00%)
	0.0559

(0.00%)
	2.23
(0.00%)
	0.0910
(0.00%)

	PUSCH mode 3-2 
	1.74

(2.00%)
	0.0568

(1.00%)
	2.23
(0.00%)
	0.0930
(1.00%) 


      As seen in the table 2, the marginal performance gain seems to be provided from the CQI enhancement schemes as compared Rel-8 PUSCH mode 3-1.

Observation: the system performance benefits from CQI enhancement schemes seem to be insufficient to justify the significant feedback overhead increment. 
Proposal: although it is agreed that CQI enhancement is introduced in Rel-10, it is preferred to employ no CQI enhancement scheme in Rel-10 and study further on this issue in future releases.
3. Conclusions

In this contribution, we further investigated the benefit of CQI enhancement schemes including MU-MIMO CQI introduction and PUSCH reporting mode 3-2. From the discussion and observation, we can conclude as follows:

· The MU-MIMO based PMI/CQI reporting and PUSCH reporting mode 3-2 require large feedback overhead while the performance gain seems to be not that significant considering UE implementation complexity and increment of RAN4 test cases.
· Although it is agreed that CQI enhancement is introduced in Rel-10, it is preferred to employ no CQI enhancement scheme in Rel-10 and study further in future releases.
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Appendix
Table 1. The number of subband and required number of bits for band indication [5]

	
	5 MHz (25RBs)
	10 MHz (50RBs)
	20 MHz (100RBs)

	Mode 
3-1 / 3-2
	Subband size
	4 RBs
	6 RBs
	8 RBs

	
	The number of subbands (N)
	7
	9
	13


Table 2. System level simulation assumptions

	Parameter
	Assumption

	Number of cells 
	57

	Deployment model
	Hex grid, 3 sector sites

	Average number of UEs per cell
	10

	Traffic model
	Full buffer

	Bandwidth
	10 MHz

	Channel model
	ITU Urban Micro

	Antenna configuration
	4Tx-2Rx

	BS antenna configuration
	ULA with 0.5 λ separation and vertical polarization

	
	Two closely spaced ±45° cross-poles with 4 λ separation

	UE antenna configuration
	ULA with, 0.5 λ separation

	
	Cross-polarized 0°/90°, 0.5 λ separation

	Receiver 
	MMSE with no inter-cell interference suppression

	Scheduler
	Proportional fair in time and frequency

	Channel estimation
	Perfect channel estimation

	Outer-loop link adaptation
	Yes

	Target BLER
	10%

	Max number of HARQ retransmissions
	5

	PUSCH

Feedback

Mode 3-1
	Number of RBs per subband
	6 RBs

	
	CQI reporting periodicity / frequency granularity
	5 ms / Subband

	
	PMI reporting periodicity / frequency granularity
	5 ms / Wideband

	PUSCH

Feedback

Mode 3-2
	Number of RBs per subband
	6 RBs

	
	CQI reporting periodicity / frequency granularity
	5 ms / Subband

	
	PMI reporting periodicity / frequency granularity
	5 ms / Subband

	Feedback delay
	5 ms

	RI reporting periodicity
	20 ms

	Feedback codebook
	Release-8 HH

	Transmission mode   
	MU-MIMO : ZF beamforming, Rank-1 per UE, Max 2 Layer pairing

	CQI reporting type
	SU-MIMO based CQI 

MU-MIMO based CQI [4]

	Overhead
	PDCCH
	3 OFDM symbols

	
	CRS
	2-Tx pattern

	
	DMRS
	12 REs per RB for rank-1 and 2
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