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Proposed codebook for 4 Tx
Shaohua Li, Haiyan Jia
Nokia Siemens networks
1. Introduction
In March meeting, the codebook proposed by IEEE C802.16m-09/0577 is accepted by 802.16m AWD [1]. In contribution IEEE C802.16m-09/649r1, we propose one base codebook. In this contribution, we also propose the performance evaluation for all the candidate codebook with uniform linear array configuration. In this new contribution, we propose new simulation results for polarized antenna to justify our proposed codebook. Simulation results show that our codebook can achieve the best performance in almost every case. 
2. Performance evaluation
In this section, system level result is provided for codebook evaluation. For comparison, we also provide system level simulation for 16e codebook [2], and the codebook adopted in AWD, referred as 16e-6bit and AWD-6bit. The simulation assumption and parameters are listed in Appendix A. The detail simulation results can be found in S802.16m-09/0888. In Table 1, we give the performance summary for these three codebooks.
	Table 1: Performance comparison between NSN, 16e, and AWD codebook
　
	MIMO
mode
	configuration
	16e 
	NSN
	AWD
	Gain (%)

	uncorrelated
	SU MIMO
	ULA
	1
	1.002
	0.998
	almost 
the same

	
	
	45@BS,VH@MS
	1
	1
	1.001
	almost 
the same

	
	
	VH@BS,VH@MS
	1
	1
	0.987
	1%

	
	MU MIMO
	ULA
	1
	0.999
	0.997
	almost 
the same

	
	
	45@BS,VH@MS
	1
	0.994
	0.958
	4%

	
	
	VH@BS,VH@MS
	1
	0.992
	0.956
	4%

	correlated
	SU MIMO
	ULA
	1
	1.035
	1.035
	almost 
the same

	
	
	45@BS,VH@MS
	1
	1.016
	1.005
	1%

	
	
	VH@BS,VH@MS
	1
	1.014
	1.004
	1%

	
	MU MIMO
	ULA
	1
	1.684
	1.687
	almost 
the same

	
	
	45@BS,VH@MS
	1
	1.078
	1.075
	almost 
the same

	
	
	VH@BS,VH@MS
	1
	1.083
	1.081
	almost 
the same


From the simulation results, we can see that our codebook show better performance in almost every case. 
3. Proposed text

------------------------------------Start text proposal------------------------------------
15.3.7.2.6.6.2.2 Base codebook for four transmit antennas
15.3.7.2.6.6.2.2.1 SU-MIMO base codebook

The base codebooks of SU-MIMO with four transmit antennas consist of rank-1 codebook C(4,1,6), rank-2 codebook C(4,2,6), rank-3 codebook C(4,3,4) and rank-4 codebook C(4,4,3). Table 674 is included to illustrate the rank-1 codebooks. For rank-2,3,and 4, the codebook is listed in Table 675.
Table 674: C(4,1,6)
	Binary Index
	M
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	0
	0
	0.5000+0.0000i
	0.1913+0.4619i
	-0.3536+0.3536i
	-0.4619-0.1913i

	1
	1
	0.5000+0.0000i
	-0.4619+0.1913i
	0.3536-0.3536i
	-0.1913+0.4619i

	10
	2
	0.5000+0.0000i
	-0.1913-0.4619i
	-0.3536+0.3536i
	0.4619+0.1913i

	11
	3
	0.5000+0.0000i
	0.4619-0.1913i
	0.3536-0.3536i
	0.1913-0.4619i

	100
	4
	0.5000+0.0000i
	-0.1913+0.4619i
	-0.3536-0.3536i
	0.4619-0.1913i

	101
	5
	0.5000+0.0000i
	-0.4619-0.1913i
	0.3536+0.3536i
	-0.1913-0.4619i

	110
	6
	0.5000+0.0000i
	0.1913-0.4619i
	-0.3536-0.3536i
	-0.4619+0.1913i

	111
	7
	0.5000+0.0000i
	0.4619+0.1913i
	0.3536+0.3536i
	0.1913+0.4619i

	1000
	8
	0.5000+0.0000i
	0.5000+0.0000i
	0.5000+0.0000i
	0.5000+0.0000i

	1001
	9
	0.5000+0.0000i
	0.0000+0.5000i
	-0.5000+0.0000i
	0.0000-0.5000i

	1010
	10
	0.5000+0.0000i
	-0.5000+0.0000i
	0.5000+0.0000i
	-0.5000+0.0000i

	1011
	11
	0.5000+0.0000i
	0.0000-0.5000i
	-0.5000+0.0000i
	0.0000+0.5000i

	1100
	12
	0.5000+0.0000i
	0.3536+0.3536i
	0.0000+0.5000i
	-0.3536+0.3536i

	1101
	13
	0.5000+0.0000i
	-0.3536+0.3536i
	0.0000-0.5000i
	0.3536+0.3536i

	1110
	14
	0.5000+0.0000i
	-0.3536-0.3536i
	0.0000+0.5000i
	0.3536-0.3536i

	1111
	15
	0.5000+0.0000i
	0.3536-0.3536i
	0.0000-0.5000i
	-0.3536-0.3536i

	10000
	16
	0.6317+0.0000i
	0.2974+0.2202i
	-0.1504-0.6021i
	-0.1928-0.2044i

	10001
	17
	0.3669+0.0000i
	0.0559+0.1469i
	0.7863+0.1370i
	-0.4490+0.0460i

	10010
	18
	0.4802+0.0000i
	0.2169-0.4912i
	-0.0041+0.4161i
	-0.4531+0.3203i

	10011
	19
	0.2721+0.0000i
	0.2673-0.3957i
	-0.3428+0.2824i
	0.5769+0.4097i

	10100
	20
	0.2924+0.0000i
	-0.6539+0.1451i
	0.0285-0.2610i
	-0.4142+0.4748i

	10101
	21
	0.8093+0.0000i
	-0.4197-0.1494i
	0.0527-0.1744i
	0.3348+0.0351i

	10110
	22
	0.6317+0.0000i
	-0.2202+0.2974i
	0.1504+0.6021i
	-0.2044+0.1928i

	10111
	23
	0.3669+0.0000i
	-0.1469+0.0559i
	-0.7863-0.1370i
	0.0460+0.4490i

	11000
	24
	0.4802+0.0000i
	0.4912+0.2169i
	0.0041-0.4161i
	0.3203+0.4531i

	11001
	25
	0.2721+0.0000i
	0.3957+0.2673i
	0.3428-0.2824i
	0.4097-0.5769i

	11010
	26
	0.2924+0.0000i
	-0.1451-0.6539i
	-0.0285+0.2610i
	0.4748+0.4142i

	11011
	27
	0.8093+0.0000i
	0.1494-0.4197i
	-0.0527+0.1744i
	0.0351-0.3348i

	11100
	28
	0.6317+0.0000i
	-0.2974-0.2202i
	-0.1504-0.6021i
	0.1928+0.2044i

	11101
	29
	0.3669+0.0000i
	-0.0559-0.1469i
	0.7863+0.1370i
	0.4490-0.0460i

	11110
	30
	0.4802+0.0000i
	-0.2169+0.4912i
	-0.0041+0.4161i
	0.4531-0.3203i

	11111
	31
	0.2721+0.0000i
	-0.2673+0.3957i
	-0.3428+0.2824i
	-0.5769-0.4097i

	100000
	32
	0.2924+0.0000i
	0.6539-0.1451i
	0.0285-0.2610i
	0.4142-0.4748i

	100001
	33
	0.8093+0.0000i
	0.4197+0.1494i
	0.0527-0.1744i
	-0.3348-0.0351i

	100010
	34
	0.6317+0.0000i
	0.2202-0.2974i
	0.1504+0.6021i
	0.2044-0.1928i

	100011
	35
	0.3669+0.0000i
	0.1469-0.0559i
	-0.7863-0.1370i
	-0.0460-0.4490i

	100100
	36
	0.4802+0.0000i
	-0.4912-0.2169i
	0.0041-0.4161i
	-0.3203-0.4531i

	100101
	37
	0.2721+0.0000i
	-0.3957-0.2673i
	0.3428-0.2824i
	-0.4097+0.5769i

	100110
	38
	0.2924+0.0000i
	0.1451+0.6539i
	-0.0285+0.2610i
	-0.4748-0.4142i

	100111
	39
	0.8093+0.0000i
	-0.1494+0.4197i
	-0.0527+0.1744i
	-0.0351+0.3348i

	101000
	40
	0.6317+0.0000i
	0.0547+0.3660i
	0.6021-0.1504i
	0.2810+0.0082i

	101001
	41
	0.3669+0.0000i
	-0.0644+0.1433i
	-0.1370+0.7863i
	0.2850-0.3501i

	101010
	42
	0.4802+0.0000i
	0.5007-0.1939i
	-0.4161-0.0041i
	0.0939-0.5469i

	101011
	43
	0.2721+0.0000i
	0.4689-0.0907i
	-0.2824-0.3428i
	-0.6976+0.1183i

	101100
	44
	0.2924+0.0000i
	-0.5650-0.3597i
	0.2610+0.0285i
	-0.0429-0.6286i

	101101
	45
	0.8093+0.0000i
	-0.1911-0.4024i
	0.1744+0.0527i
	-0.2616+0.2119i

	101110
	46
	0.6317+0.0000i
	-0.3660+0.0547i
	-0.6021+0.1504i
	0.0082-0.2810i

	101111
	47
	0.3669+0.0000i
	-0.1433-0.0644i
	0.1370-0.7863i
	-0.3501-0.2850i

	110000
	48
	0.4802+0.0000i
	0.1939+0.5007i
	0.4161+0.0041i
	-0.5469-0.0939i

	110001
	49
	0.2721+0.0000i
	0.0907+0.4689i
	0.2824+0.3428i
	0.1183+0.6976i

	110010
	50
	0.2924+0.0000i
	0.3597-0.5650i
	-0.2610-0.0285i
	-0.6286+0.0429i

	110011
	51
	0.8093+0.0000i
	0.4024-0.1911i
	-0.1744-0.0527i
	0.2119+0.2616i

	110100
	52
	0.6317+0.0000i
	-0.0547-0.3660i
	0.6021-0.1504i
	-0.2810-0.0082i

	110101
	53
	0.3669+0.0000i
	0.0644-0.1433i
	-0.1370+0.7863i
	-0.2850+0.3501i

	110110
	54
	0.4802+0.0000i
	-0.5007+0.1939i
	-0.4161-0.0041i
	-0.0939+0.5469i

	110111
	55
	0.2721+0.0000i
	-0.4689+0.0907i
	-0.2824-0.3428i
	0.6976-0.1183i

	111000
	56
	0.2924+0.0000i
	0.5650+0.3597i
	0.2610+0.0285i
	0.0429+0.6286i

	111001
	57
	0.8093+0.0000i
	0.1911+0.4024i
	0.1744+0.0527i
	0.2616-0.2119i

	111010
	58
	0.6317+0.0000i
	0.3660-0.0547i
	-0.6021+0.1504i
	-0.0082+0.2810i

	111011
	59
	0.3669+0.0000i
	0.1433+0.0644i
	0.1370-0.7863i
	0.3501+0.2850i

	111100
	60
	0.4802+0.0000i
	-0.1939-0.5007i
	0.4161+0.0041i
	0.5469+0.0939i

	111101
	61
	0.2721+0.0000i
	-0.0907-0.4689i
	0.2824+0.3428i
	-0.1183-0.6976i

	111110
	62
	0.2924+0.0000i
	-0.3597+0.5650i
	-0.2610-0.0285i
	0.6286-0.0429i

	111111
	63
	0.8093+0.0000i
	-0.4024+0.1911i
	-0.1744-0.0527i
	-0.2119-0.2616i


Table 675 – C(4,2,6), C(4,3,6) and C(4,4,6)
	Number of Tx

(Nt)
	Number of Stream (NS)

	
	1
	2
	3
	4

	4
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In the table, 
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Operation 
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------------------------------------End text proposal------------------------------------
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Appendix A: Simulation conditions

Table 3: Assumption
	Assumption
	Notes

	Number of Antennas
	4 transmitter, 2 receiver [4Tx, 2Rx]

	Antenna configuration
	ULA: 0.5 lambda; 

	MIMO Scheme
	1. Closed-loop single user with dynamic rank adaptation
2. Zero-forcing multiple user MIMO
Schedule from 1 to 2 users dynamically based on the same rank-1 PMI feedback. No SU/MU mode adaptation.



	Channel correlation Scenario
	1. Uncorrelated Channel : Zero Correlation 

2. High correlated channel: 0.5 lambda antenna spacing, angular spread of 3 degree

	Antenna Calibration
	Ideal antenna calibration (mandatory)


Table 4: Parameters
	Parameter
	Assumption

	OFDM parameters
	10 MHz 

	Permutation
	Localized

	Scheduling Unit
	Whole band 

	Link Adaptation
	QPSK 1/2 with repetition 1/2/4/6, QPSK 3/4, 16QAM 1/2, 16QAM 3/4, 64QAM 1/2, 64QAM 2/3, 64QAM 3/4, 64QAM 5/6

	HARQ
	Chase combining, non-adaptive, synchronous. HARQ with maximum 4 retransmissions, ACK/NACK delay, no error on ACK/NACK.

	Scheduling
	No control overhead

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Data Channel Estimation
	Perfect data channel estimation

	Feedback Channel Measurement
	Perfect feedback channel measurement

	Cellular Layout
	Hexagonal grid, 19 cell sites, wrap-around, 

3 sectors per site

	Shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB

	Users per sector
	10 (SU MIMO) and 20 (MU MIMO)

	Scheduling Criterion
	Proportional Fair (PF for all the scheduled users)
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