3GPP TSG RAN WG1 49
                                            R1-072596
Kobe, Japan, 26 – 30 March, 2007
Source: 

Texas Instruments
Title:
System Level Evaluation for 4-TX Pre-coding for SU-MIMO
Agenda Item:

7.10.1
Document for:
Discussion and Decision
1. Introduction
Currently, two types of 4-TX codebook design are considered for the E-UTRA: the Householder-based and the DFT-based designs. The performance comparison between the two codebook types has been done in the past meetings. In particular, a number of contributions have demonstrated the advantages of the Householder-based design (see, e.g. [1-6]) in either performance or complexity or both. 

In this document, we provide system-level comparison between the two types of codebook design. For the Householder-based design, only the design given in the joint way forward [8] is simulated as it is demonstrated to be the best candidate based on the companion link-level evaluation results [7]. 
· It is again demonstrated that the Householder-based design is superior to the DFT-based design assuming the same amount of feedback overhead (4 bits). This better performance is achieved with lower computational complexity. 
· It is also demonstrated that the Householder-based design proposed in [8] offers significant gain over virtual antenna selection.

Based on the system-level results given in this contribution, we propose that the Householder-based codebook design given in [8] be adopted as the 4-TX codebook for SU-MIMO.
2. Simulation Setup
The following codebook design are compared:
1. Virtual antenna selection with DFT matrix

2. 4-DFT codebook with diagonal uniform linear phase rotation (size=4 bits) 
3. CMHH+AS design in [8] (size=4 bits)

The system simulation assumptions are given in Appendix 1. The system-level SCM is used [9]. The following antenna configurations are simulated:
1. Case 1A: ULA with 4 separation antenna separation with SCM Urban Micro
2. Case 1B: ULA with 10 separation with SCM Urban Macro

3. Case 2: ULA pair with 10 between pairs and 0.5 separation within a pair with SCM Urban Macro

System-level scenario 1 for LTE (500-m ISD) is used to derive the pathloss model [10].
3. Simulation Results
Tables 1, 2, and 3 compile the 5% user throughput, the 10% user throughput, and the average sector throughput for the three codebook schemes. Observe that:
· The CMHH+AS codebook consistently outperforms the 4-DFT codebook. In terms of the 5% and 10% user throughput, CMHH+AS offers ~4% more gain over virtual antenna selection (VAS) in a number of cases. Additionally, CMHH+AS offers ~3% more gain over 4-DFT in the average sector throughput in most cases. 
· Significant pre-coding gain over virtual antenna selection is observed when CMHH+AS is used. The gain in the 5% and 10% user throughputs ranges from 5% to 12%, whereas the gain in the average sector throughput ranges from 3% to 6%. This gain is a substantial fraction of the overall 4x2 and 4x4 MIMO gain. 
Table 1. 5% user throughput (Mbps)

	Config
	Case
	VAS
	4-DFT
	CMHH+AS in [8]

	
	
	Throughput
	Throughput
	Gain over VAS
	Throughput
	Gain over VAS

	4x2
	1A
	0.521
	0.563
	8.1%       
	0.584
	12.1%            

	
	1B
	0.580
	0.631
	8.7%
	0.652
	12.3%

	
	2
	0.669
	0.714
	6.9%
	0.719
	7.5%

	4x4
	1A
	0.820
	0.845
	3.1%
	0.875
	6.7%

	
	1B
	0.929
	0.963
	3.6%
	0.975
	5.0%

	
	2
	1.022
	1.081
	5.8%
	1.110
	8.6%


Table 2. 10% user throughput (Mbps)

	Config
	Case
	VAS
	4-DFT
	CMHH+AS in [8]

	
	
	Throughput
	Throughput
	Gain over VAS
	Throughput
	Gain over VAS

	4x2
	1A
	0.652
	0.694
	6.4 % 
	0.719
	10.3%     

	
	1B
	0.727
	0.786
	8.1%
	0.803
	10.4%

	
	2
	0.824
	0.884
	7.1%
	0.883
	7.1%

	4x4
	1A
	1.009
	1.043
	3.3%
	1.060
	5.0%

	
	1B
	1.152
	1.203
	4.4%
	1.219
	5.8%

	
	2
	1.266
	1.324
	4.7%
	1.362
	7.6%


Table 3. Average sector throughput (Mbps)

	Config
	Case
	VAS
	4-DFT
	CMHH+AS in [8]

	
	
	Throughput
	Throughput
	Gain over VAS
	Throughput
	Gain over VAS

	4x2
	1A
	12.846
	13.210
	2.8%
	13.549
	5.5%

	
	1B
	14.854
	15.368
	3.5%
	15.677
	5.5%

	
	2
	15.560
	16.063
	3.2%
	16.221
	4.3%

	4x4
	1A
	20.133
	20.685
	2.7%
	20.769
	3.2%

	
	1B
	24.090
	24.237
	0.6%
	24.586
	2.1%

	
	2
	23.640
	24.138
	2.1%
	24.456
	3.5%


4. Conclusion
In this contribution, system level evaluation was performed to compare the performance of three codebook designs: virtual antenna selection, 4-DFT design, and the CMHH+AS design given in [8].  It is demonstrated that the Householder-based design given in [8]:
· is superior to the DFT-based design assuming the same amount of feedback overhead (4 bits). This better performance is achieved with lower computational complexity. 

· offers significant system level throughput gain over virtual antenna selection.

Hence, we propose that the 4-TX Householder-based codebook design given in [8] be adopted as the 4-TX codebook for SU-MIMO.
Appendix 1 : System Level Simulation Assumptions 
TABLE A-1: System Level Simulation Assumptions
	PARAMETER
	VALUES

	Number of sectors per cell
	3 sectors, with either two or four 120-degree antennas per sector

	Number of UEs per cell
	15 UEs

	UE Speed
	3 kmph

	Traffic Model
	Full-buffer

	System scenario
	Case 1 LTE: 500-m ISD

	Channel scenario
	1. SCM Urban Micro for case 1A (4 Node-B spacing)

2. SCM Urban Macro for case 1B (10Node-B spacing)

3. SCM Urban Macro for case 2 (2 pairs of /2 separated by 10)

	System Bandwidth
	5 MHz

	FFT Size
	512

	Resource Block size
	180 kHz 

	Frequency scheduling sub-band
	2 RBs

	Pre-coding sub-band
	5 RBs

	MCS Levels
	QPSK r = 1/5, 1/4, 1/3, 2/5, ½, 3/5, 2/3, ¾ 

16QAM r = 2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6 

64QAM r = 3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6   

	TTI duration
	1.0 ms (14 OFDM symbols)

	CQI feedback delay
	4 sub-frames (4-ms)

	Scheduling Criterion
	Proportional Fair

	HARQ Scheme
	Chase combining

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmissions
	3

	Scheduling
	Single-user MIMO, one UE per sub-band. Each UE uses the same MCS used for one codeword across RBs

	MIMO Receiver
	LMMSE
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