3GPP TSG RAN WG1 Meeting #71                                                R1-124847
New Orleans, USA, November 12-16, 2012
Source:
NTT DOCOMO 
Title:
Further evaluations on feedback enhancement for DL MIMO
Agenda Item:
6.3.2

Document for:  
Discussion and Decision

1. Introduction

This work item is based on the evaluations carried out in the DL MIMO enhancement study item and will fulfill the following objectives.
· Identify reasons for diverse performance evaluation results of the study item. The ratio of outdoor-indoor UEs in Scenario A will be revisited.

· Evaluate CSI feedback enhancements and identify the most promising solution(s). CSI feedback enhancement candidates include:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

· Depending on the outcome of the above studies, specify the selected enhancement(s) together with any necessary supporting signalling.
In this contribution, we investigate the system level simulation performance of new CSI feedback mode 3-2 and the potential gains of a codebook enhancement from Rel-10 4-Tx codebook.

2. System Throughput Performance Evaluations of Feedback Enhancement 
2.1
Comparisons of Mode 3-2 and Mode 3-1 Assuming 20% Outdoor UEs (Scenario A)
Table I gives the performance comparisons of PUSCH feedback mode 3-1 and mode 3-2 with SU only and SU-/MU-MIMO dynamic switching for 4 Tx antenna ports with various antenna configurations (uniform linear array (ULA) and cross-polarized array (CPA)). We assume that 20% of the UEs are  outdoors. Other detailed simulation assumptions are given in the Appendix.
Table I. System Throughput Performance of Mode 3-1 and Mode 3-2 Feedback with Rel. 10 Codebook

	Antenna configuration
	MIMO scheme
	Mode 3-1
	Mode 3-2

	
	
	Avg. Cell Thr. (Mbps)
	5%-UE Thr. (Mbps)
	Avg. Cell Thr. (Mbps)
	Gain over Mode 3-1
	5%-UE Thr. (Mbps)
	Gain over Mode 3-1

	4x2,

CPA 0.5λ
	SU
	25.3
	0.530
	25.5
	0.8%
	0.557
	5.1%

	
	SU/MU
	26.1
	0.571
	26.7
	2.3%
	0.600
	5.1%

	4x2,

ULA 0.5λ
	SU
	22.6
	0.546
	22.8
	0.9%
	0.569
	4.2%

	
	SU/MU
	26.0
	0.624
	26.2
	0.8%
	0.652
	4.5%


Observations from the performance evaluation results:

· In the case of the Rel. 10 4-Tx codebook, compared to PUSCH feedback mode 3-1, PUSCH feedback mode 3-2 provides gains of 0.8% - 2.3% and 4.2 - 5.1% in terms of the cell-average throughput and 5% cell-edge UE throughput, respectively. 
2.2
Comparisons of Mode 3-2 and Mode 3-1 Assuming 100% outdoor UEs (Scenario A’)
Table II gives the performance comparisons assuming 100% outdoor UEs (Scenario A’). 
Table II. System Throughput Performance of Scenario A’ with Rel. 10 Codebook
	Antenna configuration
	MIMO scheme
	Mode 3-1
	Mode 3-2

	
	
	Avg. Cell Thr. (Mbps)
	5%-UE Thr. (Mbps)
	Avg. Cell Thr. (Mbps)
	Gain over Mode 3-1
	5%-UE Thr. (Mbps)
	Gain over Mode 3-1

	4x2,

CPA 0.5λ
	SU
	25.6
	0.566
	25.8
	0.8%
	0.577
	1.9%

	
	SU/MU
	26.5
	0.594
	27.1
	2.3%
	0.618
	4.0%

	4x2,

ULA 0.5λ
	SU
	22.6
	0.560
	22.8
	0.9%
	0.576
	2.9%

	
	SU/MU
	26.0
	0.657
	26.2
	0.8%
	0.666
	1.4%


Observations from the performance evaluation results:

· Compared to the 20% outdoor UE assumption (Scenario A), all MIMO schemes in various antenna deployments achieve better throughput performance with the assumption that 100% of the UEs are outdoors. 
· In the case of the Rel. 10 4-Tx codebook with 100% outdoor UEs, compared to PUSCH feedback mode 3-1, PUSCH feedback mode 3-2 yields gains of 0.8% - 2.3% and 1.4 - 4.0% in terms of the cell-average throughput and 5% cell-edge UE throughput, respectively. 
2.3
System Performance with SVD Precoder
In this section, the ideal feedback with an SVD precoder is evaluated to show the potential improvement in throughput using an enhanced codebook. We assume 20% outdoor UEs and consider SU only and SU-/MU-MIMO dynamic switching for 4 Tx antenna ports with various antenna configurations. Compared to the Rel. 10 codebook, the performance gains from the SVD precoder are shown in Table III with both PUSCH feedback mode 3-1 and mode 3-2. We note that only the precoder has ideal feedback and the other parameters are the same as in the Rel. 10 codebook evaluation (in Section 2.1 and 2.2), e.g., the CQI is quantized and channel estimation error is assumed.
Table III. System Throughput Performance of SVD Precoder

	Precoding Scheme
	Antenna Configuration
	MIMO Scheme
	Mode 3-1
	Mode 3-2

	
	
	
	Avg. Cell Thr. (Mbps)/Gain
	5%-UE Thr. (Mbps)/Gain
	Avg. Cell Thr. (Mbps)/Gain
	5%-UE Thr. (Mbps)/Gain

	Rel. 10 codebook
	4x2,

CPA 0.5λ
	SU
	25.3
	0.530
	25.5
	0.557

	
	
	SU/MU
	26.1
	0.571
	26.7
	0.600

	
	4x2,

ULA 0.5λ
	SU
	22.6
	0.546
	22.8
	0.569

	
	
	SU/MU
	26.0
	0.624
	26.2
	0.652

	SVD precoder
	4x2,

CPA 0.5λ
	SU
	26.2 (3.6%)
	0.584 (10.2%)
	27.2 (6.7%)
	0.611 (9.7%)

	
	
	SU/MU
	27.6 (5.7%)
	0.623 (9.1%)
	29.8 (11.6%)
	0.681 (13.5%)

	
	4x2,

ULA 0.5λ
	SU
	24.0 (6.2%)
	0.594 (8.8%)
	25.1 (10.1%)
	0.623 (9.5%)

	
	
	SU/MU
	30.6 (17.7%)
	0.694 (11.2%)
	33.6 (28.2%)
	0.741 (13.7%)


Observations from the performance evaluation results:

· With PUSCH feedback mode 3-1, the SVD based precoder achieves gains of 3.6% - 17.7% in terms of the cell-average throughput and 9.1% - 13.5% in terms of the 5% cell-edge UE throughput compared to the Rel. 10 4-Tx codebook. 
· With PUSH feedback mode 3-2, the SVD based precoder achieves gains 6.2% - 28.2% in terms of the cell-average throughput and 8.1% - 13.7% in terms of the 5% cell-edge UE throughput compared to the Rel. 10 4-Tx codebook.
Based on these observations from the system performance evaluations, we observe the following observation and make a proposal.

Observation: We see a potential system-throughput performance gain in Scenarios A (20% outdoor UE) and A’ (100% outdoor UE) (assuming an MMSE option 1 receiver and high Tx antenna correlation scenario (0.5 lambda))

Proposal: Study further DL MIMO enhancement assuming conditions such as using an MMSE option 2 receiver, a low Tx antenna correlation scenario, and so on
3. Conclusion

In this contribution, we investigated the system level simulation performance of new CSI feedback mode 3-2 and potential gains of a codebook enhancement from Rel-10 4-Tx codebook.
Based on the system performance evaluations, we observed the following.
Observations from the performance evaluation results:

· In the case of the Rel. 10 4-Tx codebook, compared to PUSCH feedback mode 3-1, PUSCH feedback mode 3-2 provides gains of 0.8% - 2.3% and 4.2 - 5.1% in terms of the cell-average throughput and 5% cell-edge UE throughput, respectively. 
· Compared to the 20% outdoor UE assumption (Scenario A), all MIMO schemes in various antenna deployments achieve better throughput performance with the assumption that 100% of the UEs are outdoors. 
· In the case of the Rel. 10 4-Tx codebook with the 100% outdoor UE assumption, compared to PUSCH feedback mode 3-1, PUSCH feedback mode 3-2 yields gains of 0.8% - 2.3% and 1.4 - 4.0% in terms of the cell-average throughput and 5% cell-edge UE throughput, respectively. 
· With PUSCH feedback mode 3-1, the SVD based precoder achieves gains of 3.6% - 17.7% in terms of the cell-average throughput and 9.1% - 13.5% in terms of the 5% cell-edge UE throughput compared to the Rel. 10 4-Tx codebook.
· With PUSH feedback mode 3-2, the SVD based precoder achieves gains of 6.2% - 28.2% in terms of the cell-average throughput and gains of 8.1% - 13.7% in terms of the 5% cell-edge UE throughput compared to the Rel. 10 4-Tx codebook.
Based on these observations from the system performance evaluations, we observe the following observation and make a proposal.

Observation: We see a potential system-throughput performance gain in Scenarios A (20% outdoor UE) and A’ (100% outdoor UE) (assuming an MMSE option 1 receiver and high Tx antenna correlation scenario (0.5 lambda))

Proposal: Study further DL MIMO enhancement assuming conditions such as using an MMSE option 2 receiver, a low Tx antenna correlation scenario, and so on
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Appendix
Table AI. Simulation Assumptions
	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	For eNB: 4 Tx antennas

CPA 0.5 w.l.: XX; ULA 0.5 w.l.: ||||

For UEs: 2 Rx antennas

CPA 0.5 w.l. : X; ULA 0.5 w.l. : ||

	Deployment scenario
	Homogeneous network with ITU UMa

	Number of UEs and distribution
	Scenario A: 10 UEs per cell, 20% outdoor distributed

Scenario A’: 10 UEs per cell, 100% outdoor distributed

	Traffic model
	Full buffer

	UE moving speed (Max. Doppler frequency)
	3 km/h (fD = 5.55 Hz)

	Rank adaptation
	Rank adaptation, and up to two for one UE

	MIMO scheme
	Maximum rank 2 for SU-MIMO and rank 1 for MU-MIMO,

Max. 4 layers for MU-MIMO 

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Control delay (scheduling, AMC)
	6 ms

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 ms

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)

64QAM (R = 3/5 - 4/5)

	CQI/PMI feedback interval
	10 ms

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

PUSCH Mode 3-2: Subband PMI, subband CQI

	DM-RS channel estimation
	Non-ideal 

	CSI-RS channel estimation
	Non-ideal without a priori PDP information

	UE receiver assumption
	MMSE – option 1

	Overhead of RS and PDCCH 
	PDCCH (2 symbols per subframe)

DM-RS (12 REs per PRB)

CRS (2 ports in 4/10 non-MBSFN subframes)

CSI-RS (4 REs per RB per 10 ms for 4 antenna ports)

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling at other TPs
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