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1. Introduction
The contribution proposes the text of MIMO subclause to be included in the 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D7 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4].
2. Modifications to the SDD text
The text proposed in this contribution is based on subclauses 11.8 and 11.12 in the IEEE 802.16m SDD [3]. The modifications to the SDD text are summarized below:
· Changed terminology … used in [ ][ ] as follows: 
· Inserted an introduction subclause   

· Added the almost same text 
Updated the section of 
· Left the section of … as TBD:

· Left the section of … as TBD:

· Not included the section of … of [ ]: 

· Set …: 

We propose to set…
· Limited the…, but left … as TBD: 
It is proposed that…
Lastly, it is noted that, even though... 
3. References
[1] IEEE P802.16 Rev2/D7, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.

[2] IEEE 802.16m-07/002r7, “802.16m System Requirements” 
[3] IEEE 802.16m-08/003r5, “The Draft IEEE 802.16m System Description Document”
[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
4. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
Insert a new section 15: 
3. Advanced Air Interface 

3.1. Physical layer 
Introduction
OFDMA symbol description, symbol parameters and transmitted signal 
Frame Structure
Reserved

Downlink physical structure
Downlink physical control

Downlink MIMO transmission schemes

Downlink MIMO architecture and data processing

Transmission schemes for data channels

3.1.1.1.1. Encoding, precoding and mapping of SU-MIMO

3.1.1.1.2. Encoding, precoding and mapping of MU-MIMO

3.1.1.1.3. Mapping of data subcarriers

3.1.1.1.4. Mapping of pilot subcarriers

3.1.1.1.5. Usage of MIMO modes
3.1.1.1.6. Feedback mechanisms and operation

3.1.1.1.6.1. Downlink post-processing CINR measurement feedback

3.1.1.1.6.2. MIMO mode selection feedback

3.1.1.1.6.3. Types of MIMO feedback

3.1.1.1.6.4. Quantized MIMO feedback for closed-loop transmit precoding

3.1.1.1.6.4.1. Quantized feedback modes

3.1.1.1.6.4.2. Base mode for codebook-based feedback
The base codebook may be used for the feedback to support transmit precoding on the DL-MIMO, as instructed by the BS. 
The base codebook is a unitary codebook. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix.
The MS selects its preferred matrix from the base codebook based on the channel measurements. The MS feedbacks the index of the preferred codeword, and the BS computes the precoder W according to the index. Both BS and MS use the same codebook for correct operation. 

For the base mode, the PMI feedback from a mobile station shall represent an entry of the base codebook, where the base codebooks are defined as follows for two, four, and eight transmit antennas at the BS.

The notation C(Nt, Mt, NB) denotes the codebook, which consists of 2NB complex matrices of dimension Nt by Mt, and Mt denotes the number of streams.

The notation C(Nt, Mt, NB, i) denotes the i-th codebook entry of C(Nt, Mt, NB).

3.1.1.1.6.4.2.1. Base codebook for two transmit antennas

3.1.1.1.6.4.2.1.1. SU-MIMO base codebook

The codebook for two transmit antenna is constructed using a similar methodology as described in section 8.4.11.15 of WirelessMAN-OFDMA, with the exception that the first codeword v1 is defined as an Nt by Mt unitary matrix
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All codeword matrices vi for i = 2,3…,2NB in V(Nt, Mt, NB) codebook can be derived from the first codeword matrix v1 using the following equations
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where phase φ1 is a phase of the first entry of the first column of codeword 
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The parameters for generation of the codebooks for two transmit antenna Nt = 2 and number of streams Mt =1, 2 are listed in Table 1.
Table 1. – Generating parameters for two transmit antenna codebook

	Nt
	Mt
	NB
	L
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	s in H(s)

	2
	1
	3
	3
	[1, 2]
	[1, 0]

	2
	2
	2
	3
	
	


The indexes from 4 to 7 are not used in 3-bits downlink PMI feedback for Mt =2 codebook.

3.1.1.1.6.4.2.1.2. MU-MIMO base codebook

The base codebook for MU-MIMO is same as the rank 1 base codebook for SU-MIMO, defined in 15.3.7.2.6.4.2.1.1.
3.1.1.1.6.4.2.2. Base codebook for four transmit antennas

3.1.1.1.6.4.2.2.1. 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 2, 3, 4 and 5 are included to illustrate the rank-1,2,3,4 base codebooks.
Table 2   C(4,1,6)

	Binary Index
	m
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	000000
	0
	0.5000          
	-0.5000 
	0.5000 
	-0.5000 

	000001
	1
	-0.5000          
	-0.5000 
	0.5000 
	0.5000 

	000010
	2
	-0.5000          
	0.5000 
	0.5000 
	-0.5000 

	000011
	3
	0.5000          
	0.0000 - 0.5000i
	0.5000 
	0.0000 - 0.5000i

	000100
	4
	-0.5000          
	0.0000 - 0.5000i
	0.5000 
	0.0000 + 0.5000i

	000101
	5
	-0.5000          
	0.0000 + 0.5000i
	0.5000 
	0.0000 - 0.5000i

	000110
	6
	0.5000          
	0.5000 
	0.5000 
	0.5000 

	000111
	7
	0.5000          
	0.0000 + 0.5000i
	0.5000 
	0.0000 + 0.5000i

	001000
	8
	0.5000          
	0.5000 
	0.5000 
	-0.5000 

	001001
	9
	0.5000          
	0.0000 + 0.5000i
	-0.5000 
	0.0000 + 0.5000i

	001010
	10
	0.5000          
	-0.5000 
	0.5000 
	0.5000 

	001011
	11
	0.5000          
	0.0000 - 0.5000i
	-0.5000 
	0.0000 - 0.5000i

	001100
	12
	0.5000          
	0.3536 + 0.3536i
	0.0000 + 0.5000i
	-0.3536 + 0.3536i

	001101
	13
	0.5000          
	-0.3536 + 0.3536i
	0.0000 – 0.5000i
	0.3536 + 0.3536i

	001110
	14
	0.5000          
	-0.3536 - 0.3536i
	0.0000 + 0.5000i
	0.3536 - 0.3536i

	001111
	15
	0.5000          
	0.3536 - 0.3536i
	0.0000 – 0.5000i
	-0.3536 - 0.3536i

	010000
	16
	0.5000          
	-0.4619 - 0.1913i
	0.3536 + 0.3536i
	-0.1913 - 0.4619i

	010001
	17
	0.3117 
	0.6025 + 0.1995i
	-0.4030 – 0.4903i
	-0.1122 - 0.2908i

	010010
	18
	0.3117          
	-0.6025 - 0.1995i
	-0.1122 – 0.2908i
	0.4030 + 0.4903i

	010011
	19
	0.3058
	0.1901 - 0.6052i
	0.1195 + 0.2866i
	0.4884 - 0.4111i

	010100
	20
	0.5000          
	-0.1913 + 0.4619i
	-0.3536 – 0.3536i
	0.4619 - 0.1913i

	010101
	21
	0.5000          
	0.1913 - 0.4619i
	-0.3536 – 0.3536i
	-0.4619 + 0.1913i

	010110
	22
	0.5000          
	0.4619 + 0.1913i
	0.3536 + 0.3536i
	0.1913 + 0.4619i

	010111
	23
	0.3082          
	0.0104 + 0.3151i
	0.4077 + 0.4887i
	-0.4783 + 0.4145i

	011000
	24
	0.3117          
	0.3573 - 0.2452i
	0.6025 – 0.1995i
	-0.1578 + 0.5360i

	011001
	25
	0.3117
	0.2452 + 0.3573i
	-0.6025 + 0.1995i
	0.5360 + 0.1578i

	011010
	26
	0.3082          
	-0.3666 + 0.2426i
	0.6092 – 0.1842i
	0.1615 - 0.5298i

	011011
	27
	0.3117          
	-0.2452 - 0.3573i
	-0.6025 + 0.1995i
	-0.5360 - 0.1578i

	011100
	28
	0.3117
	0.4260 + 0.0793i
	0.1995 + 0.6025i
	0.2674 + 0.4906i

	011101
	29
	0.3117          
	-0.0793 + 0.4260i
	-0.1995 – 0.6025i
	0.4906 - 0.2674i

	011110
	30
	0.3117
	-0.4260 - 0.0793i
	0.1995 + 0.6025i
	-0.2674 - 0.4906i

	011111
	31
	0.3117
	0.0793 - 0.4260i
	-0.1995 – 0.6025i
	-0.4906 + 0.2674i

	100000
	32
	0.5636 
	-0.3332 - 0.2672i
	0.1174 + 0.5512i
	-0.3308 - 0.2702i

	100001
	33
	0.5587          
	0.3361 + 0.2735i
	-0.3361 – 0.2735i
	-0.1135 - 0.5471i

	100010
	34
	0.5587          
	-0.3361 - 0.2735i
	-0.1135 – 0.5471i
	0.3361 + 0.2735i

	100011
	35
	0.5587
	0.2735 - 0.3361i
	0.1135 + 0.5471i
	0.2735 - 0.3361i

	100100
	36
	0.3082
	-0.4887 + 0.4077i
	-0.6092 – 0.1842i
	0.2837 - 0.1205i

	100101
	37
	0.5636
	0.2673 - 0.3331i
	-0.1222 – 0.5501i
	-0.2673 + 0.3331i

	100110
	38
	0.5636          
	0.3691 + 0.5142i
	0.3331 + 0.2673i
	0.0862 + 0.3032i

	100111
	39
	0.5587          
	-0.2990 + 0.0880i
	0.3361 + 0.2735i
	-0.5216 + 0.3616i

	101000
	40
	0.5587          
	0.0880 - 0.2990i
	0.3361 – 0.2735i
	-0.3616 + 0.5216i

	101001
	41
	0.5587
	0.2990 + 0.0881i
	-0.3362 + 0.2735i
	0.5216 + 0.3616i

	101010
	42
	0.5587          
	-0.0880 + 0.2990i
	0.3361 – 0.2735i
	0.3616 - 0.5216i

	101011
	43
	0.5587          
	-0.2990 - 0.0880i
	-0.3361 + 0.2735i
	-0.5216 - 0.3616i

	101100
	44
	0.5636
	0.2741 - 0.1559i
	0.2672 + 0.3332i
	0.1081 + 0.6236i

	101101
	45
	0.5636          
	0.1559 + 0.2741i
	-0.2672 – 0.3332i
	0.6236 - 0.1081i

	101110
	46
	0.5587          
	-0.2737 + 0.1492i
	0.2735 + 0.3361i
	-0.1132 - 0.6245i

	101111
	47
	0.5587          
	-0.1492 - 0.2737i
	-0.2735 - 0.3361i
	-0.6245 + 0.1132i

	110000
	48
	0.5000          
	-0.4619 + 0.1913i
	0.3536 - 0.3536i
	-0.1913 + 0.4619i

	110001
	49
	0.3117
	0.4030 + 0.4903i
	-0.6025 - 0.1995i
	-0.1122 - 0.2908i

	110010
	50
	0.3117          
	-0.4029 - 0.4904i
	-0.1184 - 0.2883i
	0.6067 + 0.1865i

	110011
	51
	0.3082
	0.4887 - 0.4077i
	0.1205 + 0.2837i
	0.1842 - 0.6092i

	110100
	52
	0.5000          
	0.1913 + 0.4619i
	-0.3536 + 0.3536i
	-0.4619 - 0.1913i

	110101
	53
	0.5000          
	-0.1913 - 0.4619i
	-0.3536 + 0.3536i
	0.4619 + 0.1913i

	110110
	54
	0.5000          
	0.4619 - 0.1913i
	0.3536 - 0.3536i
	0.1913 - 0.4619i

	110111
	55
	0.3117          
	-0.2452 + 0.3573i
	0.6025 + 0.1995i
	-0.5360 + 0.1578i

	111000
	56
	0.3117
	0.3117 - 0.0000i
	0.4030 - 0.4903i
	-0.4030 + 0.4903i

	111001
	57
	0.3117          
	-0.0000 + 0.3117i
	-0.4030 + 0.4903i
	0.4903 + 0.4030i

	111010
	58
	0.3082          
	-0.3152 - 0.0036i
	0.4076 - 0.4888i
	0.4040 - 0.4872i

	111011
	59
	0.3082
	0.0036 - 0.3152i
	-0.4076 + 0.4888i
	-0.4872 - 0.4040i

	111100
	60
	0.3117
	0.2204 + 0.2204i
	0.4903 + 0.4030i
	0.0618 + 0.6317i

	111101
	61
	0.3117          
	-0.2204 + 0.2204i
	-0.4903 - 0.4030i
	0.6317 - 0.0618i

	111110
	62
	0.3082          
	-0.2154 - 0.2302i
	0.4887 + 0.4077i
	-0.0451 - 0.6313i

	111111
	63
	0.3082
	0.2254 - 0.2204i
	-0.4888 - 0.4076i
	-0.6302 + 0.0588i


Table 3   C(4,2,6)
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	Binary index
	m
	i,j
	Binary index
	m
	i,j
	Binary index
	m
	i,j
	Binary index
	m
	i,j

	000000
	0
	6,0
	010000
	16
	0,4
	100000
	32
	12,14
	110000
	48
	32,34

	000001
	1
	6,1
	010001
	17
	0,5
	100001
	33
	12,15
	110001
	49
	34,35

	000010
	2
	6,2
	010010
	18
	0,33
	100010
	34
	12,31
	110010
	50
	35,7

	000011
	3
	0,1
	010011
	19
	1,3
	100011
	35
	13,14
	110011
	51
	40,11

	000100
	4
	0,2
	010100
	20
	1,34
	100100
	36
	5,23
	110100
	52
	41,43

	000101
	5
	1,2
	010101
	21
	1,55
	100101
	37
	14,15
	110101
	53
	44,46

	000110
	6
	7,4
	010110
	22
	2,3
	100110
	38
	14,47
	110110
	54
	45,47

	000111
	7
	7,5
	010111
	23
	8,9
	100111
	39
	17,2
	110111
	55
	49,6

	001000
	8
	3,4
	011000
	24
	2,39
	101000
	40
	17,3
	111000
	56
	52,53

	001001
	9
	3,5
	011001
	25
	8,11
	101001
	41
	18,19
	111001
	57
	56,10

	001010
	10
	6,4
	011010
	26
	8,27
	101010
	42
	18,6
	111010
	58
	56,58

	001011
	11
	6,5
	011011
	27
	9,10
	101011
	43
	24,9
	111011
	59
	57,11

	001100
	12
	7,1
	011100
	28
	9,42
	101100
	44
	25,10
	111100
	60
	57,59

	001101
	13
	7,2
	011101
	29
	10,11
	101101
	45
	28,13
	111101
	61
	60,14

	001110
	14
	8,10
	011110
	30
	10,43
	101110
	46
	29,14
	111110
	62
	61,15

	001111
	15
	13,15
	011111
	31
	12,13
	101111
	47
	30,15
	111111
	63
	61,63


Table 4   C(4,3,4)
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	Binary

 index
	m
	i,j,k
	Binary

 index
	m
	i,j,k
	Binary

 index
	m
	i,j,k
	Binary

 Index
	m
	i,j,k

	000000
	0
	6,0,1
	000100
	4
	7,3,4
	001000
	8
	6,0,4
	001100
	12
	8,9,10

	000001
	1
	6,0,2
	000101
	5
	7,3,5
	001001
	9
	6,4,5
	001101
	13
	8,10,11

	000010
	2
	6,1,2
	000110
	6
	7,4,5
	001010
	10
	7,3,1
	001110
	14
	12,13,15

	000011
	3
	0,1,2
	000111
	7
	3,4,5
	001011
	11
	7,1,2
	001111
	15
	13,14,15


Table 5   C(4,4,3)
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	Binary

 index
	m
	i,j,k,p
	Binary

 index
	m
	i,j,k,p
	Binary

 index
	m
	i,j,k,p

	000000
	0
	6,0,1,2
	000010
	2
	6,0,4,5
	000100
	4
	8,9,10,11

	000001
	1
	7,3,4,5
	000011
	3
	7,3,1,2
	000101
	5
	12,13,14,15


The chordal distance property of C(4,1,6) is shown in Fig 1. It is noted that the chordal distance between the codewords of different codeword clusters is much larger than the chordal distance between the codewords in Layer 2 and the codeword in Layer 1 of the same codeword cluster.
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                                     Figure 1  Chordal distance map of C(4,1,6)
3.1.1.1.6.4.2.2.2. MU-MIMO base codebook

The base codebook for MU-MIMO is same as the rank 1 base codebook for SU-MIMO, defined in 15.3.7.2.6.4.2.2.1.
3.1.1.1.6.4.2.3. Base codebook for eight transmit antennas

3.1.1.1.6.4.2.3.1. SU-MIMO base codebook

The base codebook is constructed from two matrices V8(:,:,1) and V8(:,:,2), which are constructed as described below. 
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The two rank-8 matrices used for rank-2 to rank-8 transmission for SU-MIMO are
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The third base matrix, V8(:,:,3), is used for rank-1 transmission for MU-MIMO. The j-th column vector of the base matrix V8(:,:,3) is given by
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where the set θj, j=1,...,16, is given by
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The 4bits 8Tx base codebook is constructed from the three 8×8 base matrices and is specified in Tables 6 and 7. Note that only the column indices of the corresponding base matrices are shown in Table 7 for brevity.
Table 6 – Rank 1 of SU MIMO 4bit 8Tx base codebook

	Codebook Matrix Index (CMI)
	Base Matrix
	C(8,1,4)

	1
	V8(:,:,3)

	V8(:,1,3)

	2
	
	V8(:,2,3)

	3
	
	V8(:,3,3)

	4
	
	V8(:,4,3)

	5
	
	V8(:,5,3)

	6
	
	V8(:,6,3)

	7
	
	V8(:,7,3)

	8
	
	V8(:,8,3)

	9
	
	V8(:,9,3)

	10
	
	V8(:,10,3)

	11
	
	V8(:,11,3)

	12
	
	V8(:,12,3)

	13
	
	V8(:,13,3)

	14
	
	V8(:,14,3)

	15
	
	V8(:,15,3)

	16
	
	V8(:,16,3)


Table 7 – Ranks 2 to 8 of SU MIMO 4bit 8Tx base codebook

	Codebook Matrix Index (CMI)
	Base Matrix
	C(8,2,4)
	C(8,3,4)
	C(8,4,4)
	C(8,5,4)
	C(8,6,4)
	C(8,7,4)
	C(8,8,4)

	1
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8:,:,1

V


	1 5
	1 3 5
	1537
	12357
	123567
	1234567
	12345678

	2
	
	2 6
	2 4 6
	2648
	12468
	124568
	1234568
	n/a

	3
	
	3 7
	2 3 7
	3726
	23467
	234678
	1234678
	n/a

	4
	
	4 8
	1 4 8
	4815
	13458
	134578
	1234578
	n/a

	5
	
	5 3
	3 5 7
	5372
	23567
	234567
	2345678
	n/a

	6
	
	4 6
	4 6 8
	6481
	14568
	134568
	1345678
	n/a

	7
	
	2 7
	2 6 7
	7264
	24678
	124678
	1245678
	n/a

	8
	
	8 1
	1 5 8
	8153
	13578
	123578
	1235678
	n/a

	9
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	1 3
	1 2 3
	1234
	12345
	123456
	1234567
	12345678

	10
	
	2 4
	1 2 4
	1246
	12456
	124567
	1245678
	n/a

	11
	
	2 3
	2 3 4
	2437
	23478
	123478
	1234578
	n/a

	12
	
	1 4
	1 3 4
	1348
	13478
	134678
	1234678
	n/a

	13
	
	5 8
	5 7 8
	3578
	23578
	235678
	1235678
	n/a

	14
	
	6 7
	6 7 8
	4678
	14678
	145678
	1345678
	n/a

	15
	
	5 7
	5 7 6
	5678
	35678
	345678
	2345678
	n/a

	16
	
	6 8
	5 6 8
	1568
	13568
	123568
	1234568
	n/a


3.1.1.1.6.4.2.3.2. MU-MIMO base codebook

The base codebook for MU-MIMO is same as the rank 1 base codebook for SU-MIMO, defined in section 15.3.7.2.6.4.2.3.
15.3.7.2.6.4.2.4. Codebook subset selection

15.3.7.2.6.4.2.4.1. OL MIMO subset

15.3.7.2.6.4.2.4.1.1. OL SU-MIMO subset for two transmit antennas
[TBD]

15.3.7.2.6.4.2.4.1.2. OL SU-MIMO subset for four transmit antennas
[TBD]

15.3.7.2.6.4.2.4.1.3. OL SU-MIMO subset for eight transmit antennas

[TBD]

15.3.7.2.6.4.2.4.2. CL SU-MIMO subset

15.3.7.2.6.4.2.4.2.1. CL SU-MIMO subset for four transmit antennas
Codebook subset selection for four transmit antennas is specified in Table 8.

Table 8 - Subset selection of the base codebook for four transmit antennas

	Rank
	One
	Two
	Three
	Four

	Subset selection
	C(4,1,6,m)
m = 0 to15
	C(4,2,6,m)
m = 0 to15
	C(4,3,4,m)
m = 0 to15
	C(4,4,3,m)
m = 0 to 5


15.3.7.2.6.4.2.4.3. CL MU-MIMO subset

[TBD]

3.1.2. Uplink physical structure

3.1.3. Uplink physical structure

3.1.4. Uplink MIMO transmission schemes 
3.1.4.1. Uplink MIMO architecture and data processing
3.1.4.2. Transmission schemes for data channels
3.1.4.3.   Codebook for closed-loop transmit precoding

3.1.4.3.1.1.1.1. Base codebook for two transmit antennas

3.1.4.3.1.1.1.1.1. SU-MIMO base codebook

The base codebook of uplink 2 Tx is the same as the downlink 2 Tx base codebook (SU MIMO base codebook), defined in 15.3.7.2.6.4.2.1.

3.1.4.3.1.1.1.1.2. MU-MIMO base codebook

The base codebook for UL collaborative spatial multiplexing MIMO is same as base codebook for SU-MIMO, defined in 15.3.10.3.1.1.1.1.1
3.1.4.3.1.1.1.2. Base codebook for four transmit antennas

3.1.4.3.1.1.1.2.1. SU-MIMO base codebook

The codebooks for UL MIMO with four transmit antenna MS are constructed using the methodology described in section 15.3.7.2.6.4.2.1 for two transmit antenna case.
The parameters for the generation of codebooks for four transmit antenna Nt = 4 and number of streams Mt =1, 2, 3, 4 are listed in Table 9.
Table 9. – Generating parameters for two transmit antenna codebook

	Nt
	Mt
	NB
	L
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	s in H(s)

	4
	1
	6
	6
	[18, 55, 22, 6]
	[1, 0, 0, 0]

	4
	2
	6
	6
	
	

	4
	3
	6
	6
	
	

	4
	4
	6
	6
	
	


3.1.4.3.1.1.1.2.2. MU-MIMO base codebook

The base codebook for UL collaborative spatial multiplexing MIMO is same as the base codebook for UL SU-MIMO, defined in 15.3.10.3.1.1.1.2.1
-------------------------------  Text End  --------------------------------------------------- 
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