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1. Introduction
This document is a companion contribution of the link-level analysis in [1] which compares the different 4-Tx codebook proposals in [2-6]. In this contribution, we present some system-level simulation results for several codebook candidates that are simulated in [1]. Consistent with the finding in [1], we find that the joint constant modulus Householder (CMHH) offers the best overall performance in various scenarios. 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 designs are compared:
1. The joint CMHH codebook [2]
2. Samsung single-polarized (SP) codebook [3]
3. Samsung dual-polarized (DP) codebook [3]

The system simulation assumptions are given in Appendix 1. The system-level SCM is used [7]. The following antenna configurations are simulated:
1. Case 1A: Uniform Linear Array (ULA) with 4 separation antenna separation, Urban Micro
2. Case 1B: ULA with 10 separation, Urban Macro

3. Case 2: ULA pair with 10 between pairs and 0.5 separation within a pair, Urban Macro
4. Case 3-0 (0.90): Cross-polarized pair with 0.5 separation, VH orientation, Urban Macro

5. Case 3-1 (+45,-45): Cross-polarized pair with 0.5 separation, ±45-deg orientation, Urban Macro
6. Case 4-0 (0.90): Cross-polarized pair with 10 separation, VH orientation, Urban Macro
7. Case 4-1 (+45,-45): Cross-polarized pair with 10 separation, ±45-deg orientation Urban Macro

System-level scenario 1 for LTE (500-m ISD) is used to derive the path-loss model [8].
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. For ease of comparison, we use the joint CMHH proposal as the reference case. Observe that:
· The joint CMHH codebook achieves the best overall performance.  
· For the single- and dual-polarized scenarios, the joint CMHH codebook outperforms Samsung SP codebook.
· For the dual-polarized scenarios, Samsung DP codebook provides some gain over the joint CMHH codebook in 5%/10%-user throughput in a few dual-polarized cases but results in some loss in other scenarios (or otherwise performs approximately the same). 
Table 1. 5% user throughput (Mbps)

	Config
	Case
	Joint CMHH
	Samsung SP
	Samsung DP

	
	
	Throughput
	TP
	Gain over CMHH
	TP
	Gain over CMHH

	4x2
	1A
	0.587    
	0.585    
	-0.3%
	0.583
	-0.7%

	
	1B
	0.546     
	0.545  
	-0.2%
	0.533
	-2.4%

	
	2
	0.670    
	0.668    
	-0.2%
	0.679
	1.3%

	
	3-0
	0.765    
	0.752    
	-1.7%
	0.761
	-0.5%

	
	3-1
	0.757    
	0.757    
	0.0%
	0.782
	3.3%

	
	4-0
	0.652    
	0.643    
	-1.4%
	0.656
	0.6%

	
	4-1
	0.648    
	0.652    
	0.6%
	0.660
	1.8%

	4x4
	1A
	0.863    
	0.864    
	0.1%
	0.861
	-0.2%

	
	1B
	0.838    
	0.817    
	-2.5%
	0.811
	-3.2%

	
	2
	0.998    
	1.014    
	1.6%
	1.014
	1.6%

	
	3-0
	1.165    
	1.097    
	-5.8%
	1.148
	-1.5%

	
	3-1
	1.186    
	1.127    
	-5.0%
	1.173
	-1.1%

	
	4-0
	0.984    
	0.984    
	0.0%
	0.984
	0.0%

	
	4-1
	0.996    
	0.979    
	-1.7%
	1.004
	0.8%


Table 2. 10% user throughput (Mbps)

	Config
	Case
	Joint CMHH
	Samsung SP
	Samsung DP

	
	
	Throughput
	TP
	Gain over CMHH
	TP
	Gain over CMHH

	4x2
	1A
	0.713    
	0.711    
	-0.3%
	0.708
	-0.7%

	
	1B
	0.671    
	0.664    
	-1.0%
	0.654
	-2.5%

	
	2
	0.795    
	0.792    
	-0.4%
	0.810
	1.9%

	
	3-0
	0.921    
	0.908    
	-1.4%
	0.925
	0.4%

	
	3-1
	0.925    
	0.912    
	-1.4%
	0.954
	3.1%

	
	4-0
	0.790    
	0.786    
	-0.5%
	0.790
	0.0%

	
	4-1
	0.782    
	0.790    
	1.0%
	0.790
	1.0%

	4x4
	1A
	1.068    
	1.068   
	0.0%
	1.061
	-0.6%

	
	1B
	1.018    
	0.982    
	-3.5%
	1.004
	-1.3%

	
	2
	1.187    
	1.207    
	1.7%
	1.223
	3.0%

	
	3-0
	1.379
	1.303    
	-5.5%
	1.387    
	0.6%

	
	3-1
	1.438    
	1.358    
	-5.6%
	1.421
	-1.1%

	
	4-0
	1.203    
	1.206    
	0.2%
	1.228
	2.1%

	
	4-1
	1.219    
	1.202    
	-1.4%
	1.232
	1.1%


Table 3. Average sector throughput (Mbps)

	Config
	Case
	Joint CMHH
	Samsung SP
	Samsung DP

	
	
	Throughput
	TP
	Gain over CMHH
	TP
	Gain over CMHH

	4x2
	1A
	13.771
	13.585
	-1.3%  
	13.766
	-0.03%

	
	1B
	11.926
	11.851
	-0.6%
	11.829
	-0.8%

	
	2
	13.210
	13.164
	   -0.3%
	13.274
	0.5%

	
	3-0
	14.595
	14.144
	   -3.1%
	14.539
	-0.4%

	
	3-1
	14.772
	14.400
	 -2.5%
	14.796
	0.2%

	
	4-0
	13.378
	13.361
	   -0.1%
	13.333
	    -0.3%

	
	4-1
	13.571
	13.493
	   -0.6%
	13.492
	   -0.6%

	4x4
	1A
	21.086
	20.877
	   -1.0%
	20.861
	   -1.1%

	
	1B
	18.396
	18.314
	   -0.4%
	18.168
	   -1.2%

	
	2
	18.884
	19.042
	    0.8%
	18.838
	   -0.2%

	
	3-0
	21.317
	20.057
	   -5.9%
	21.122
	   -0.9%

	
	3-1
	21.650
	20.484
	   -5.4%
	21.349
	   -1.4%

	
	4-0
	20.950
	21.150
	    0.9%
	20.978
	    0.1%

	
	4-1
	21.141
	21.240
	    0.5%
	21.232
	    0.4%


4. Conclusion
Based on the system-level simulation in this document, we find that the joint constant modulus Householder (CMHH) offers the best overall performance in various scenarios. 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. The inclusion of additional codebooks (e.g. for dual-polarized scenario or larger codebook) is FFS as pointed out in the joint way forward document [2].
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

	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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