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1. Introduction

The 6-bit codebook set, which includes rank-1 and 2 codebooks, for 4 transmit antennas, is proposed for IEEE802.16m to achieve the follow features:
1. One codebook for all channel correlation conditions: The good performance in terms of throughput can be achieved with one codebook for a wide range of channel conditions: uncorrelated, correlated and dual-polarized.  

2. Low codeword searching complexity: Compared to the conventional 6-bit codebook, the proposed rank-1 codebook design can at least save the codeword selection complexity by 61%. 
3. Nest property: The column vectors of the rank-2 codebook are the rank-1 codewords. In this case, the codeword selection computation complexity can be further saved by 50%.
4. Low power imbalance: The codebook is designed with the consideration of the power imbalance issue. Compared to 802.16e 6-bit codebook, the proposed codebook can dramatically decrease the power imbalance level. 
5. Low feedback overhead: The codebook is designed in a hierarchical structure to support differential feedback, which can lower the feedback overhead.
       2. Text proposals 
------------------------------------Begin text proposal------------------------------------

(Line 33, Page 103)

11.8.2.1.2    Precoding technique

In FDD and TDD systems, unitary codebook based precoding is supported. The notation 
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denotes the vector codebook, which consists of 
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complex, unit vectors of a dimension 
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and 
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denotes the number of streams. The integer
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is the number of bits required for the index that can indicate any codeword in the codebook. The codebooks for dimension of 2,4 and 8 are listed in Table xxx.

Table1: List of codebooks for spatial dimension of 2,4 and 8

	Spatial dimension
	Rank-1
	Rank-2
	Rank-3
	Rank-4
	Rank-M (M>4)
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                             Table x: 
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	000000
	1
	   0.5000          
	  -0.5000 
	   0.5000          
	  -0.5000 

	010000
	2
	   0.5000          
	  -0.4619 - 0.1913i
	   0.3536 + 0.3536i
	  -0.1913 - 0.4619i

	100000
	3
	   0.5636 
	  -0.3332 - 0.2672i
	   0.1174 + 0.5512i
	  -0.3308 - 0.2702i

	110000
	4
	   0.5000          
	  -0.4619 + 0.1913i
	   0.3536 - 0.3536i
	  -0.1913 + 0.4619i

	000001
	5
	   0.5000          
	   0.5000          
	  -0.5000 
	  -0.5000 

	010001
	6
	   0.3117 
	   0.6025 + 0.1995i
	  -0.4030 - 0.4903i
	  -0.1122 - 0.2908i

	100001
	7
	   0.5587          
	   0.3361 + 0.2735i
	  -0.3361 - 0.2735i
	  -0.1135 - 0.5471i

	110001
	8
	   0.3117
	   0.4030 + 0.4903i
	  -0.6025 - 0.1995i
	  -0.1122 - 0.2908i

	000010
	9
	   0.5000          
	  -0.5000 
	  -0.5000 
	   0.5000          

	010010
	10
	   0.3117          
	  -0.6025 - 0.1995i
	  -0.1122 - 0.2908i
	   0.4030 + 0.4903i

	100010
	11
	   0.5587          
	  -0.3361 - 0.2735i
	  -0.1135 - 0.5471i
	   0.3361 + 0.2735i

	110010
	12
	   0.3117          
	  -0.4029 - 0.4904i
	  -0.1184 - 0.2883i
	   0.6067 + 0.1865i

	000011
	13
	   0.5000          
	   0.0000 - 0.5000i
	   0.5000          
	   0.0000 - 0.5000i

	010011
	14
	   0.3058
	   0.1901 - 0.6052i
	   0.1195 + 0.2866i
	   0.4884 - 0.4111i

	100011
	15
	   0.5587
	   0.2735 - 0.3361i
	   0.1135 + 0.5471i
	   0.2735 - 0.3361i

	110011
	16
	   0.3082
	   0.4887 - 0.4077i
	   0.1205 + 0.2837i
	   0.1842 - 0.6092i

	000100
	17
	   0.5000          
	   0.0000 + 0.5000i
	  -0.5000 
	   0.0000 - 0.5000i

	010100
	18
	   0.5000          
	  -0.1913 + 0.4619i
	  -0.3536 - 0.3536i
	   0.4619 - 0.1913i

	100100
	19
	   0.3082
	  -0.4887 + 0.4077i
	  -0.6092 - 0.1842i
	   0.2837 - 0.1205i

	110100
	20
	   0.5000          
	   0.1913 + 0.4619i
	  -0.3536 + 0.3536i
	  -0.4619 - 0.1913i

	000101
	21
	   0.5000          
	   0.0000 - 0.5000i
	  -0.5000 
	   0.0000 + 0.5000i

	010101
	22
	   0.5000          
	   0.1913 - 0.4619i
	  -0.3536 - 0.3536i
	  -0.4619 + 0.1913i

	100101
	23
	   0.5636
	   0.2673 - 0.3331i
	  -0.1222 - 0.5501i
	  -0.2673 + 0.3331i

	110101
	24
	   0.5000          
	  -0.1913 - 0.4619i
	  -0.3536 + 0.3536i
	   0.4619 + 0.1913i

	000110
	25
	   0.5000          
	   0.5000          
	   0.5000          
	   0.5000          

	010110
	26
	   0.5000          
	   0.4619 + 0.1913i
	   0.3536 + 0.3536i
	   0.1913 + 0.4619i

	100110
	27
	   0.5636          
	   0.3691 + 0.5142i
	   0.3331 + 0.2673i
	   0.0862 + 0.3032i

	110110
	28
	   0.5000          
	   0.4619 - 0.1913i
	   0.3536 - 0.3536i
	   0.1913 - 0.4619i

	000111
	29
	   0.5000          
	   0.0000 + 0.5000i
	   0.5000          
	   0.0000 + 0.5000i

	010111
	30
	   0.3082          
	   0.0104 + 0.3151i
	   0.4077 + 0.4887i
	  -0.4783 + 0.4145i

	100111
	31
	   0.5587          
	  -0.2990 + 0.0880i
	   0.3361 + 0.2735i
	  -0.5216 + 0.3616i

	110111
	32
	   0.3117          
	  -0.2452 + 0.3573i
	   0.6025 + 0.1995i
	  -0.5360 + 0.1578i

	001000
	33
	   0.5000          
	   0.5000          
	   0.5000          
	  -0.5000 

	011000
	34
	   0.3117          
	   0.3573 - 0.2452i
	   0.6025 - 0.1995i
	  -0.1578 + 0.5360i

	101000
	35
	   0.5587          
	   0.0880 - 0.2990i
	   0.3361 - 0.2735i
	  -0.3616 + 0.5216i

	111000
	36
	   0.3117
	   0.3117 - 0.0000i
	   0.4030 - 0.4903i
	  -0.4030 + 0.4903i

	001001
	37
	   0.5000          
	   0.0000 + 0.5000i
	  -0.5000 
	   0.0000 + 0.5000i

	011001
	38
	   0.3117
	   0.2452 + 0.3573i
	  -0.6025 + 0.1995i
	   0.5360 + 0.1578i

	101001
	39
	   0.5587
	   0.2990 + 0.0881i
	  -0.3362 + 0.2735i
	   0.5216 + 0.3616i

	111001
	40
	   0.3117          
	  -0.0000 + 0.3117i
	  -0.4030 + 0.4903i
	   0.4903 + 0.4030i

	001010
	41
	   0.5000          
	  -0.5000 
	   0.5000          
	   0.5000          

	011010
	42
	   0.3082          
	  -0.3666 + 0.2426i
	   0.6092 - 0.1842i
	   0.1615 - 0.5298i

	101010
	43
	   0.5587          
	  -0.0880 + 0.2990i
	   0.3361 - 0.2735i
	   0.3616 - 0.5216i

	111010
	44
	   0.3082          
	  -0.3152 - 0.0036i
	   0.4076 - 0.4888i
	   0.4040 - 0.4872i

	001011
	45
	   0.5000          
	   0.0000 - 0.5000i
	  -0.5000 
	   0.0000 - 0.5000i

	011011
	46
	   0.3117          
	  -0.2452 - 0.3573i
	  -0.6025 + 0.1995i
	  -0.5360 - 0.1578i

	101011
	47
	   0.5587          
	  -0.2990 - 0.0880i
	  -0.3361 + 0.2735i
	  -0.5216 - 0.3616i

	111011
	48
	   0.3082
	   0.0036 - 0.3152i
	  -0.4076 + 0.4888i
	  -0.4872 - 0.4040i

	001100
	49
	   0.5000          
	   0.3536 + 0.3536i
	   0.0000 + 0.5000i
	  -0.3536 + 0.3536i

	011100
	50
	   0.3117
	   0.4260 + 0.0793i
	   0.1995 + 0.6025i
	   0.2674 + 0.4906i

	101100
	51
	   0.5636
	   0.2741 - 0.1559i
	   0.2672 + 0.3332i
	   0.1081 + 0.6236i

	111100
	52
	   0.3117
	   0.2204 + 0.2204i
	   0.4903 + 0.4030i
	   0.0618 + 0.6317i

	001101
	53
	   0.5000          
	  -0.3536 + 0.3536i
	   0.0000 - 0.5000i
	   0.3536 + 0.3536i

	011101
	54
	   0.3117          
	  -0.0793 + 0.4260i
	  -0.1995 - 0.6025i
	   0.4906 - 0.2674i

	101101
	55
	   0.5636          
	   0.1559 + 0.2741i
	  -0.2672 - 0.3332i
	   0.6236 - 0.1081i

	111101
	56
	   0.3117          
	  -0.2204 + 0.2204i
	  -0.4903 - 0.4030i
	   0.6317 - 0.0618i

	001110
	57
	   0.5000          
	  -0.3536 - 0.3536i
	   0.0000 + 0.5000i
	   0.3536 - 0.3536i

	011110
	58
	   0.3117
	  -0.4260 - 0.0793i
	   0.1995 + 0.6025i
	  -0.2674 - 0.4906i

	101110
	59
	   0.5587          
	  -0.2737 + 0.1492i
	   0.2735 + 0.3361i
	  -0.1132 - 0.6245i

	111110
	60
	   0.3082          
	  -0.2154 - 0.2302i
	   0.4887 + 0.4077i
	  -0.0451 - 0.6313i

	001111
	61
	   0.5000          
	   0.3536 - 0.3536i
	   0.0000 - 0.5000i
	  -0.3536 - 0.3536i

	011111
	62
	   0.3117
	   0.0793 - 0.4260i
	  -0.1995 - 0.6025i
	  -0.4906 + 0.2674i

	101111
	63
	   0.5587          
	  -0.1492 - 0.2737i
	  -0.2735 - 0.3361i
	  -0.6245 + 0.1132i

	111111
	64
	   0.3082
	   0.2254 - 0.2204i
	  -0.4888 - 0.4076i
	  -0.6302 + 0.0588i


                        Table 2: 
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	000000
	1
	1,5
	010000
	17
	9,13
	100000
	33
	33,37
	110000
	49
	49,53

	000001
	2
	1,7
	010001
	18
	9,25
	100001
	34
	33,45
	110001
	50
	49,57

	000010
	3
	1,9
	010010
	19
	9,29
	100010
	35
	33,46
	110010
	51
	49,61

	000011
	4
	1,17
	010011
	20
	9,31
	100011
	36
	33,41
	110011
	52
	49,62

	000100
	5
	1,21
	010100
	21
	10,14
	100100
	37
	34,37
	110100
	53
	50,53

	000101
	6
	1,25
	010101
	22
	10,25
	100101
	38
	35,45
	110101
	54
	51,59

	000110
	7
	3,11
	010110
	23
	11,15
	100110
	39
	36,41
	110110
	55
	52,57

	000111
	8
	5,11
	010111
	24
	13,17
	100111
	40
	36,44
	110111
	56
	53,57

	001000
	9
	5,13
	011000
	25
	13,21
	101000
	41
	37,41
	111000
	57
	53,61

	001001
	10
	5,25
	011001
	26
	15,29
	101001
	42
	37,43
	111001
	58
	54,57

	001010
	11
	5,29
	011010
	27
	17,25
	101010
	43
	38,41
	111010
	59
	55,63

	001011
	12
	5,32
	011011
	28
	17,29
	101011
	44
	39,47
	111011
	60
	56,61

	001100
	13
	5,9
	011100
	29
	20,24
	101100
	45
	40,45
	111100
	61
	56,64

	001101
	14
	6,9
	011101
	30
	21,25
	101101
	46
	40,48
	111101
	62
	57,61

	001110
	15
	6,13
	011110
	31
	21,29
	101110
	47
	41,45
	111110
	63
	57,63

	001111
	16
	8,25
	011111
	32
	21,30
	101111
	48
	41,47
	111111
	64
	58,61


In TDD systems, sounding based precoding is supported. 

------------------------------------End text proposal------------------------------------
Appendix: 
1. Rank-1 codebook structure 
   Fig 1: rank-1 codebook hierarchical structure

[image: image29]
The codewords of each branch in the layer 2 are defined as the daughter codewords of the one in the layer 1 of the same branch, which is named as the mother codeword. As shown in fig 1, each mother codeword has three daughter codewords. It is noted the daughter codeword has higher correlation with its mother codeword than with other codeword in the layer 1. The binary indices of the codewords in the same branch share the same last four digits. 

Layer 1: Layer 1 codewords are DFT based and tailored for the correlated  channel.

Layer 2: The design criterion of Layer 2 codewords is to maximize the chordal distance to guarantee the performance in the uncorrelated channel. Meanwhile, the layer 2 codewords are formed in a hierarchical structure to facilitate the codeword searching.
In general, with different application focuses of layer 1 and 2 codewords, the codebook, in overall, can provide superior performance in both correlated and uncorrelated channel.

2. Rank-1 codeword searching

With the hierarchical structure, the conventional codeword searching mechanism, in which all the codewords have to be tried, can be significantly simplified. The simplified rank-1 codeword searching method based on the proposed codebook is given as
Step 1: Find the top N layer-1 codewords in terms of maximizing the  

           effective channel gain
[image: image30.wmf]i
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, where 
[image: image31.wmf]H

is the channel matrix.

Step 2: Calculate the effective channel gains of the N layer-1 codewords    

            found in Step 1 and their corresponding 3N daughter codewords. 

            Totally, 3N+16 out of 64 codewords are searched.
Step 3: The codeword, which maximizes the effective channel gain, is 

            selected.

As an example, when N=3, only 25 out of 64 codewords are searched. In other words, 61% of codeword searching complexity can be saved. Most importantly, based on the simulations, the corresponding performance degradation is negligible.
3. Rank-2 codeword searching
For Rank-2 codeword searching, the effective channel 
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 is required. In conventional codeword searching,  there are 128 matrix multiplications, which consist of 
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 With the nested property achieved in the proposed codebooks, the vectors, 
[image: image34.wmf][

]

)

2

(:,

2

),

1

(:,

2

i

i

W

W

 of the rank-2 codeword are the codewords in the rank-1 codebook. As a result, the number of matrix multiplication can be reduced from 128 to 64 or by 50%.
4. Rank adaptation
In rank adaptation, the effective channels calculation for both rank-1 and 2 codewords, 
[image: image35.wmf]i
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 and 
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2

, are required. In conventional rank adaptation method, there are 192 matrix multiplications, which consist of 64 for rank-1 codebook and 128 for rank-2 codebook. However, with the proposed codebook, the number of matrix multiplications is reduced from 192 to 64 or by 67%.
Layer 2





111111





101111





011111





001111





110001





100001





010001





000001





110000





100000





010000





000000





   Layer 1





Branch 1





Branch 2





Branch 16





…





…








_1292056469.unknown

_1292057834.unknown

_1292403749.unknown

_1292406855.unknown

_1292407447.unknown

_1292408557.unknown

_1292408612.unknown

_1292408368.unknown

_1292406933.unknown

_1292403785.unknown

_1292057862.unknown

_1292057871.unknown

_1292057835.unknown

_1292057769.unknown

_1292057770.unknown

_1292057378.unknown

_1292057450.unknown

_1292056490.unknown

_1290513308.unknown

_1292056420.unknown

_1292056458.unknown

_1292056214.unknown

_1290513346.unknown

_1290510780.unknown

_1290513107.unknown

_1290513116.unknown

_1290513089.unknown

_1290510750.unknown

