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1 Introduction

The double-codebook based implicit feedback framework was agreed for Rel-10 in RAN1#60 [1]. Additional refinements on the feedback framework were agreed in RAN1#60Bis [2], and directions on the feedback signaling in aperiodic PUSCH and periodic PUCCH were agreed in RAN1#61 [3]. Significant gains for enhanced feedback schemes for 4Tx has been observed in RAN1#61bis and 4 tx feedback is the priority from chairman notes.
A unified feedback framework and the detail codebook design for 4Tx is proposed in the companion contribution [1], Based on the design criterion in terms of performance, feedback efficiency and the robustness to feedback error, adaptive codebook(AC) for PUCCH mode and differential codebook(DC) for PUSCH mode are suggested. In this contribution, we evaluate the performance of the proposed feedback framework based on the natural extension of Rel-8 PUSCH and PUCCH reporting modes, under the agreed simulation assumption.
2 The proposed framework for 4Tx feedback enhancement
Base on the agreed double codebook framework in[2], we propose for Rel-10 4Tx feedback enhancement:

· A precoder W for a subband is an matrix multiplication of the two matrices W2 and W1

· For PUSCH reporting mode: W = W2W1
· W1 is selected from Rel. 8 4Tx codebook 
· W2 is a diagonal unitary matrix, selected from the following matrices
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· Self-contained CSI feedback in PUSCH

· For PUCCH reporting mode: W = W1W2

· W1 is an Hermitian matrix, selected from Table 1 in [11]
· Rank 1 codebook for W2 is selected from Rel. 8 4Tx codebook
· Rank 2 codebook for W2 is selected from Table 2. in [11]
· Only CSI mode 1 is supported in PUCCH

· W1 and W2 are signaled in separate subframe due to limited capacity in PUCCH.
3 Simulation results for the proposed feedback framework 
A system level simulation has been performed to evaluate the above feedback framework for SU/MU-MIMO based on the natural extension of Rel-8 reporting modes, which are described in detail in [1].LTE R8 codebook is used as the base codebook for the 4Tx case. Detailed simulation assumptions are provided in the appendix.
3.1 PUSCH mode 1-2

Table 1. Performance gain with respect to R8 codebook for PUSCH mode 1-2
	Antenna configuration
	Angle Spread

(degree)
	Codebook
	Cell average spectrum efficiency(bps/Hz)
	5% Cell edge spectrum efficiency(bps/Hz)

	Co-Pol 0.5
[image: image3.wmf]l


(||||->|| channel)
	8
	R8
	2.4375
	0.0772

	
	
	DC
	2.8622(17.42%)
	0.0954(23.60%)

	
	15
	R8
	2.1332
	0.0823

	
	
	DC
	2.3129(8.42%)
	0.0881(7.00%)

	X-Pol 0.5
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(xx->+ channel)
	8
	R8
	1.8653
	0.0617

	
	
	DC
	2.1085(13.04%)
	0.0732(18.67%)

	
	15
	R8
	1.6067
	0.0594

	
	
	DC
	1.8288(13.82%)
	0.0670(12.93%)

	X-Pol 4.0
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(x    x->+ channel)
	8
	R8
	1.7766
	0.0628

	
	
	DC
	1.8433(3.76%)
	0.0652(3.83%)

	
	15
	R8
	1.6685
	0.0584

	
	
	DC
	1.7766(3.71%)
	0.0628(1.00%)


Note that the proposed feedback enhancement simultaneously improves the performance and reduces the overhead compared to the Rel-8 codebook when PMI is reported for all the subbands in PUSCH 1-2.
3.2 PUSCH mode 3-1

Table 2. Performance gain with respect to R8 codebook for PUSCH mode 3-1
	Antenna configuration
	Angle Spread

(degree)
	Codebook
	Cell average spectrum efficiency(bps/Hz)
	5% Cell edge spectrum efficiency(bps/Hz)

	Co-Pol 0.5
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(||||->|| channel)
	8
	R8
	2.9114
	0.1073

	
	
	DC
	3.3390(14.69%)
	0.1236(15.19%)

	
	15
	R8
	2.4350
	0.0908

	
	
	DC
	2.6806(10.08%)
	0.0990(9.09%)

	X-Pol 0.5
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(xx->+ channel)
	8
	R8
	2.2784
	0.0810

	
	
	DC
	2.4585 (7.90%)
	0.0866(6.88%)

	
	15
	R8
	1.9969
	0.0715

	
	
	DC
	2.1210 (6.21%)
	0.0757(5.84%)

	X-Pol 4.0
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(x    x->+ channel)
	8
	R8
	2.0213
	0.0705

	
	
	DC
	2.0730(2.49%)
	0.0732(3.72%)

	
	15
	R8
	1.8840
	0.0623

	
	
	DC
	1.9396(2.95%)
	0.0643(3.21%)


3.3 PUSCH mode 3-2

Table 3. Performance gain with respect to R8 codebook for PUSCH mode 3-2
	Antenna configuration
	Angle Spread

(degree)
	Codebook
	Cell average spectrum efficiency(bps/Hz)
	5% Cell edge spectrum efficiency(bps/Hz)

	Co-Pol 0.5
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(||||->|| channel)
	8
	R8
	2.9028
	0.1088

	
	
	DC
	3.3820(16.51%)
	0.1226(12.64%)

	
	15
	R8
	2.4319
	0.0933

	
	
	DC
	2.7152(11.65%)
	0.1013(8.51%)

	X-Pol 0.5
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(xx->+ channel)
	8
	R8
	2.2697
	0.0839

	
	
	DC
	2.5084(10.51%)
	0.0897(6.89%)

	
	15
	R8
	19.1196
	0.7357

	
	
	DC
	2.1677(8.84%)
	0.0804(4.92%)

	X-Pol 4.0
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(x    x->+ channel)
	8
	R8
	1.9916
	0.0766

	
	
	DC
	2.0855(2.28%)
	0.0755(2.29%)

	
	15
	R8
	1.9037
	0.0658

	
	
	DC
	1.9529(2.58%)
	0.0677(2.96%)


Note that the proposed feedback enhancement simultaneously improves the performance and reduces the overhead compared to the Rel-8 codebook when PMI and CQI are reported for all the subbands in PUSCH 3-2.
3.4 Modified PUCCH mode 1-1 and 2-1
Table 4. Performance gain with respect to R8 codebook for PUCCH mode
	 
	Rel.8 codebook
	Adaptive codebook

(perfect covariance

information+W2)
	Adaptive codebook

(6bit W1+W2)

	PUCCH mode
	Antenna configuration
	cell average
	Cell edge
	cell average
	cell edge
	cell average
	cell edge

	Modified Mode 1-1
	Co-pol 
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	2.39
	0.86
	2.62  (9.8%)
	0.94 (9.4%)
	2.60     (8.9%)
	0.92       (6.5%)

	
	X-pol 
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	2.00
	0.69
	2.25   (12.4%)
	0.79 (14.4%)
	2.20     (9.6%)
	0.76     (10.5%)

	Modified Mode 2-1
	Co-pol 
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	2.66
	0.92
	2.90      (9.2%)
	0.97  (6.1%)
	2.88     (8.6%)
	0.93       (1.4%)

	
	X-pol 
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	2.08
	0.66
	2.31   (10.8%)
	0.74 (12.6%)
	2.24     (7.6%)
	0.71           (7%)


4 Conclusion

In this contribution, a system level simulation evaluation has been conducted for 4Tx feedback enhancement. Based on the discussion and the gains observed in the simulations, we propose for Rel-10 4Tx feedback:

· Feedback enhancements for the 4Tx codebook should be introduced in Rel-10

· A precoder W for a subband is a matrix multiplication of the two matrices W2 and W1
· For PUSCH reporting mode: W = W2W1
· W1 is selected from Rel. 8 4Tx codebook 
· W2 is a diagonal unitary matrix, selected from the following matrices
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· Self-contained CSI feedback in PUSCH

· Rel-8 PUSCH mode 1-2, 3-1 and 2-2 can be naturally extended to Rel-10.
· New PUSCH mode 3-2 with full subband feedback including subband PMI and subband CQI

· 1 bit indication of subset of C2 can be reported with RI to reduce overhead.
· For PUCCH reporting mode: W = W1W2

· W1 is an Hermitian matrix in[11] 
· W2 is selected from Rel. 8 4Tx codebook
· Only CSI mode 1 is supported in PUCCH

· W1 and W2 are signaled in separate subframes
· A new PUCCH report type only for W1 should be introduced.

· Rel-8 PUCCH mode 1-1 and 2-1can be naturally extended to Rel-10.
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 Appendix A simulation assumptions
The Simulation assumptions are inline with the agreed WF in [3].
Table A.1 Simulation assumption
	Channel models
	3GPP Case 1 Spatial Channel Model Extended (SCME)

	Central Frequency
	2GHz

	Fading Scenario
	Urban Macro

	Antenna configuration
	4 Tx at eNodeB with 0.5 and 4.0 lambda spacing

Co-polarized: Vertically polarized antennas

Cross-polarized: +/- 45 degrees

	
	2Rx at UE with 0.5 lambda spacing

Co-polarized: Vertically polarized antennas

Cross-polarized: +90/0 degrees

	
	ideal antenna calibration
3D antenna pattern, with 15 degrees down-tilt

	Sample density
	15.36M sample/second

	UE Speed
	3km/h

	System Bandwidth
	48RBs

	FFT length
	1024

	Subband size
	6RBs for PUCCH mode 1-1,2-1 and according to Table 7.2.2-2
6RBs for PUSCH mode 1-2,3-1(3-2) according to Table 7.2.1-3

3RBs for PUSCH mode 2-2 according to Table 7.2.1-5 in TS 36.213 v.8.7.0

	scheduler
	Proportional Fair scheduling in the frequency and time domain. 
Exhaustive search for SU/MU MIMO switching based on PF metric of a single UE or sum of PF of the co-scheduled UEs.
Rank overriding based on CQI

	Number of UEs per cell
	10

	MU-MIMO 

precoding technique
	Zero-forcing beamfoming with maximum 4 layers
Up to two layer for each co-scheduled UE

	MCS
	according to transport formats in LTE R8

	Channel estimation
	Non-ideal

	Receiver
	MMSE receiver

	Hybrid ARQ
	Maximum 4 transmission

	Subband CQI feedback
	according to CQI Table in LTE R8

power adjustment for MU-MIMO

	Feedback Delay
	4ms

	Feedback 
	Under the assumption of SU –MIMO transmission with rank adaptation

CQI measurement error: N(0,1dB) per half-PRB

	
	For PUCCH 1-1:Wideband PMI/CQI reporting period P = 10ms and MRI = 4

For PUCCH 2-1: CQI reporting period P = 5ms, Wideband PMI reporting period H = (J*K+1)*P and J = 3, K = 3.

For PUSCH 1-2,3-1,3-2: One RI/PMI/CQI report per 5ms.

	Overhead
	Percentage: 38.75%

3 symbols for DL CCHs in the 4 normal subframes and 2 symbols for DL CCHs in the 6 MBSFN subframes; one port CRS in the 4 normal subframes and no CRS in the 6 MBSFN subframes; CSI-RS with muting (i.e., 4 REs/PRB/5ms×3 cell for 4 ports); DM-RS with 12 REs (for rank 1) per PRB.
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