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1. Introduction
In this contribution, we provide brief introduction of possible feedback enhancements proposed in Rel-10 and its performance gain over Rel-10 feedback framework for MIMO scenario A and C. As discussed in [1], we can consider two possible areas of MU-MIMO feedback enhancements, i.e. finer CSI feedback granularity in terms of beam and time/frequency CSI, and MU-MIMO based CQI/PMI reporting. 
2. Finer beam granularity
In this section, we introduce a GoB(Grid-of-Beams) type feedback codebook structure for up to rank-2 transmission in [2] with slight modification.

The feedback precoder W can be expressed as a matrix multiplication of the two matrices. 
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W1 can be expressed as follow:
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where n1 and n2 can be same or different value. For example, if it is used for multi-point operation configured by a single CSI-RS resource, it can be a different value to provide different wideband beam for each point. In case of same n1 and n2, φ(n) is for co-polarized antenna setup.
One of candidates for Ntx1 matrix 
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 is oversampled DFT matrix, i.e.
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In equation (3), ‘a’ represents an oversampling factor. According to increasing the oversampling factor ‘a’, DFT based precoding vector with finer granularity can be generated. 
For the matrix W2, Rel-8 DL 2Tx codebooks can be used. Since QPSK alphabet is introduced for rank-1 and 2 codebooks, W2 for rank-1 has 4 elements and W2 for rank-2 has 2 elements as follows: 
	For rank-1: 
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	For rank-2: 
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3. MU-MIMO CQI accuracy enhancement
In this section, we introduce for possible CQI accuracy enhancement for MU-MIMO in [1].

In Rel-8, a simple SDMA-based MU-MIMO is employed with rank-1 SU-MIMO feedback reuse so that the MU-MIMO performance is limited from the inaccurate feedback. If an eNB scheduler uses rank-1 SU-MIMO feedback for MU-MIMO transmission, SU-MIMO based CQI should be recalculated at eNB transmitter without the co-channel interference information so that the CQI mismatch may result in MU-MIMO performance degradation. To further enhance MU-MIMO performance, MU-MIMO based CQI which is calculated based on the assumption of MU-MIMO transmission can be considered. 

For MU-MIMO based CQI calculation, a reference rank can be provided by an eNB so that a UE calculated the MU-MIMO based CQI by assuming that the composite transmission rank of MU-MIMO transmission is the same as the reference rank. In this case, the CQI is calculated with the preferred beam vector with nulling beam vector(s) within the reference rank which implies that a UE assumes one beam is used for the UE and the other beams are used for other UEs. The reference rank can be fixed or semi-statically configured by higher layers. Also, we can employ multi-component feedback which is reporting SU and MU feedback together (in different time slot).
4. Performance Evaluation
In this section, we evaluate system level performance of the proposed codebooks and CQI measurement enhancement for 4Tx antenna configuration. We followed simulation assumption defined in [3], and further detail assumption is described in appendix section. 

We assumed n1=n2 in equation (2) for simplicity in this section. It can be further improved by using different sub-matrices (n1≠n2) while requires some more additional overhead (e.g. 4bit per report). Table 1 shows the required feedback overhead for proposed codebook according to the feedback configuration. As shown in Table 1, multi-granular precoding structures have a benefit to reduce precoder feedback overhead in subband feedback case (mode 3-2). In wideband precoder feedback case (mode 3-1), feedback overhead of multi-granular precoding structure slightly increases. However, this overhead is very similar compared with that of single codebook.
Table 1 Precoder feedback overhead comparison
	
	Mode 3-2
	Mode 3-1

	
	W1 (WB)
	W2 (SB)
	CQI
	Total

overhead
	W1 (WB)
	W2 (WB)
	CQI
	Total overhead

	Release-8 CB
	-
	4 x 9
	4 x 9
	72
	-
	4
	4 x 9
	40

	Proposed CB
	4
	2 x 9

1 x 9
	4 x 9
	58 (Rank-1)

49 (Rank-2)
	4
	2

1
	4 x 9
	42 (Rank-1)

41 (Rank-2)


· Performance Results for 4Tx antenna with perfect calibration
In Table 2, we show performance gain of proposed scheme under scenario A with 0.5 λ and 4 λ antenna spacing, and scenario C1 and C2 [3]. In order to see how much average throughput gain can be obtained while maintaining cell edge throughput, we adjust PF parameters for baseline system (Rel. 10 based feedback mechanism). Also, to see MU-MIMO preferable scenario, we evaluate rank-1 feedback only also as well.
Table 2 Performance Gain over Rel-10 feedback framework (MU-MIMO, Perfect calibrated antenna)
	
	Scenario A
0.5 lambda
	Scenario A
4 lambda
	Scenario C1
	Scenario C2

	Rank-1 report only
	15.44%
	12.84%
	6.32%
	4.36%

	Rank-adapted report
	7.88%
	4.72%
	3.50%
	2.54%


As seen in the Table, comparing with Rel-10 feedback framework about 2~15% gain can be achieved by proposed feedback framework without overhead increase much.
One thing we need to note is that the proposed scheme performs better as MU-MIMO ratio increase since the proposed schemes are targeting MU-MIMO performance enhancement. As seen in below figure, the SU-MIMO ratio is about 52% to 99.0% depending on scenario. 
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Figure 1 SU-MIMO Ratio
5. Conclusions

In this contribution, we provide some performance evaluation results based on proposal. While it can be further extend to better fit deployment scenario considered in Rel-11, the results show that multi-granular codebook, finer frequency CSI, and MU-MIMO based CQI provide performance gain over Rel-10 feedback framework. 
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Appendix
Table 3 4x2 antenna configuration (MU-MIMO, Perfect calibrated antenna, Scenario A/0.5 or 4 lambda) Rank-1 report only
	
	Scenario A 0.5 λ
	Scenario A 4 λ

	
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	Rel-10 Feedback Framework
	1.52
	0.141
	0.0578
	1.45
	0.133
	0.0528

	Proposed enhancements
	1.75
	0.158
	0.0570
	1.64
	0.140
	0.0519


	
	SU-Rank-1
	MU 2 streams
	MU 2 streams
	MU 4 steams

	Scenario A 0.5 λ
	Rel-10 Feedback Framework
	59.73%
	21.90%
	15.23%
	3.17%

	
	Proposed enhancements
	51.65%
	22.10%
	20.75%
	5.55%

	Scenario A 4 λ
	Rel-10 Feedback Framework
	67.97%
	17.37%
	11.70%
	2.97%

	
	Proposed enhancements
	62.30%
	15.85%
	13.95%
	7.90%


Table 4 4x2 antenna configuration (MU-MIMO, Perfect calibrated antenna, Scenario A/0.5 or 4 lambda) Rank-adapted report 
	
	Scenario A 0.5 λ
	Scenario A 4 λ

	
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	Rel-10 Feedback Framework
	2.05
	0.161
	0.0606
	1.98
	0.151
	0.0551

	Proposed enhancements
	2.21
	0.173
	0.0613
	2.07
	0.155
	0.0544


	
	SU-Rank-1
	SU-Rank-2
	MU 2 streams
	MU 2 streams
	MU 4 steams

	Scenario A 0.5 λ
	Rel-10 Feedback Framework
	37.77%
	47.70%
	14.00%
	4.30%
	0.27%

	
	Proposed enhancements
	22.07%
	38.63% 
	19.63%
	16.33%
	3.30%

	Scenario A 4 λ
	Rel-10 Feedback Framework
	37.07%
	48.27%
	11.43%
	2.93%
	0.27%

	
	Proposed enhancements
	29.93%
	40.47% 
	13.7%
	11.73%
	4.1%


Table 5 4x2 antenna configuration (MU-MIMO, Perfect calibrated antenna, Scenario C1 or C2) Rank-1 report only
	
	Scenario C1
	Scenario C2

	
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	Rel-10 Feedback Framework
	1.52
	0.267
	0.0672
	1.91
	0.347
	0.0807

	Proposed enhancements
	1.62
	0.283
	0.0687
	1.99
	0.371
	0.0917


	
	SU-Rank-1
	MU 2 streams
	MU 2 streams
	MU 4 steams

	Scenario C1
	Rel-10 Feedback Framework
	79.10%
	16.53%
	4.13%
	0.23%

	
	Proposed enhancements
	74.75%
	19.10%
	5.50%
	0.60%

	Scenario C2
	Rel-10 Feedback Framework
	80.75%
	15.55%
	3.65%
	0.10%

	
	Proposed enhancements
	81.15%
	15.65%
	1.70%
	0.10%


Table 6 4x2 antenna configuration (MU-MIMO, Perfect calibrated antenna, Scenario C1 or C2) Rank-adapted report
	
	Scenario C1
	Scenario C2

	
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	Rel-10 Feedback Framework
	2.21
	0.343
	0.0812
	3.22
	0.563
	0.1146

	Proposed enhancements
	2.29
	0.355
	0.0811
	3.30
	0.577
	0.1147


	
	SU-Rank-1
	SU-Rank-2
	MU 2 streams
	MU 2 streams
	MU 4 steams

	Scenario C1
	Rel-10 Feedback Framework
	37.77%
	56.47%
	5.03%
	0.73%
	0.00%

	
	Proposed enhancements
	31.90%
	49.70%
	14.03%
	4.07%
	0.30%

	Scenario C2
	Rel-10 Feedback Framework
	23.87%
	75.13%
	1.03%
	0.00%
	0.00%

	
	Proposed enhancements
	20.47%
	70.03%
	8.27%
	1.23%
	0.03%


The following table shows simulation assumptions.
Table 5 System level simulation assumptions
	Parameters
	Assumption

	Channel model
	ITU UMa/UMi
Outdoor Indoor modeling for Scenario A (80% indoor users)

Only outdoor users for Scenario C1 and C2

	System BW 
	10MHz (FDD)

	Number of UEs per sector 
	Scenario A: 10 UEs per sector

Scenario C1/C2: Configuration #4b
30 UEs per sector (effectively 5 UEs per small cell)

	Number of points per sector
	Scenario A: 1 high power Macro
Scenario C1/C2: 1 high power Macro, 4 low power small cells

	Number of tx antennas at point 
	4

	Number of tx antennas at UE
	2

	Antenna configuration 
	Cross-polarized for eNB, small cell, and UE
For eNB

· 0.5 λ or 4 λ
For small cell

· 0.5 λ

	Transmission scheme
	MU-MIMO

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	Chase combining

	Feedback and control channel errors 
	No error 

	UE speed
	3Km/h 

	Traffic load 
	Full buffer

	Maximum rank per UE 
	1 in case of rank-1 only case, and 2 in other case

	PMI feedback 
	Rel-8 LTE codebook 
GoB codebook

	Feedback delay
	5ms

	Feedback reporting period
	5ms 

	Feedback granularity
	Mode 3-1

Wideband PMI, Subband CQI per 6 RBs

Mode 3-2

Subband PMI/CQI per 6 RBs
Wideband RI (only for rank-adapted case)

	DL overhead assumption 
	3 OFDM symbols for PDCCH + UE-specific RS (same as Rel-10 PDSCH transmission in normal subframes)

	Reference rank setting
	4 without changing
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