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Proposed Text for the DL MIMO Section
(DL OL SU-MIMO) of the IEEE 802.16m Amendment 
Hosein Nikopourdeilami, Mo-Han Fong, Sophie Vrzic, Robert Novak, Dongsheng Yu, Kathiravetpillai Sivanesan

Nortel Networks

1. Introduction
The contribution proposes the text for the DL MIMO section (DL OL SU-MIMO) 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/D8 [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]. The simulation results supporting the proposed schemes for OL SU MIMO is provided in [5].
2. References
[1] IEEE P802.16 Rev2/D8, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Dec. 2008.

[2] IEEE 802.16m-07/002r6, “802.16m System Requirements” 
[3] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document”
[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
[5] C80216m-09_0013.pdf, “Results on the Performance Evaluation of DL Open Loop SU-MIMO Schemes”
3. 4.
Text proposal for inclusion in the 802.16m amendment

--------------------------------------  Start of the text proposal  --------------------------------------
[Add the following text to page 30, line 22 of IEEE 802.16m-08/050]
15.3.x DL MIMO Transmission Scheme
15.3.x.1 DL MIMO Architecture and Data Processing
15.3.x.2. Transmission for Data Channels
15.3.x.2.1 Single-user MIMO
15.3.x.2.1.1 Open-loop SU-MIMO

A number of antenna configurations and transmission rates are supported in open-loop SU-MIMO. Among them, 2Tx, 4Tx, and 8Tx antennas with rate 1 transmission are defined as Transmit Diversity modes. The operation of these modes is specified in Section 15.3.x.2.1.1.1. The other modes, including 2Tx, 4Tx, and 8Tx antennas with rate 2 transmission, 4Tx and 8Tx antennas with rate 3 transmission, 4Tx and 8Tx antennas with rate 4 transmission, and 8Tx antennas with transmission up to rate 8, are defined as Spatial Multiplexing modes. The operation of these modes is specified in Section 15.3.x.2.1.1.2. The dimensions of the vectors and matrices for open-loop SU-MIMO are shown in the following table:

	NT
	Rate
	M
	NS
	NF

	2
	1
	2
	2
	2

	4
	1
	2
	2
	2

	8
	1
	2
	2
	2

	2
	2
	2
	2
	1

	4
	2
	2
	2
	1

	4
	2
	4
	4
	2

	8
	2
	2
	2
	1

	8
	2
	4
	4
	2

	4
	3
	3
	3
	1

	8
	3
	3
	3
	1

	4
	4
	4
	4
	1

	8
	4
	4
	4
	1


Table 15.3.x.2.1.1-1: Matrix dimensions for open-loop SU-MIMO modes

On a given subcarrier k, the precoding matrix is defined as P=W(k), where W(k) is an NT ( NS matrix, NT is the number of transmit antennas and NS is the numbers of streams. The matrix W(k) is selected from a predefined unitary codebook, and changes every u (=1 or 2 ) subcarriers, and every OFDM symbol as expressed in sections 15.3.x.2.1.1.1 and 15.3.x.2.1.1.2. The matrix W(k) can be identity matrix for 2Tx rate-2 and 4Tx rate-4. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix.
15.3.x.2.1.1.1 Transmit Diversity

The following transmit diversity modes are supported for open-loop single-user MIMO:

· 2Tx rate-1: SFBC

· 4Tx rate-1: SFBC with precoder

· 8Tx rate-1: SFBC with precoder

For the transmit diversity mode, the input to the MIMO encoder is represented a 2 × 1 vector. 
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The MIMO encoder generates the SFBC matrix.
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,                          (Equation 15.3.x.2.1.1.1-2)  Then the output of the MIMO encoder is multiplied by NT × 2 precoder matrix W, where W is described in section 15.3.x.2.1.1.

For the 2Tx rate-1 mode, the output of the precoder is a 2 ( 2 matrix
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For the 4Tx rate-1, the output of the precoder is a 4 ( 2 matrix
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where W is a 4 ( 2 unitary precoder. Note that W may be frequency and/or time dependent as described in section 15.3.x.2.1.1. W is a set of Np=6 antenna circulation matrices.
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,         (Equation 15.3.x.2.1.1.1-5)
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 can be changed every pair of tones or every symbol.
For the 8Tx rate-1, the output of the precoder is a 8 ( 2 matrix
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where W is a 8 ( 2 unitary precoder. Note that W may be frequency and/ or time dependent as described in section 15.3.x.2.1.1. W is defined as follows:
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 is a 8x4 matrix which is implementation specific, 
[image: image10.wmf]2

W

 is a 4 ( 2 unitary precoder which consists of a set of Np =6 antenna circulation matrices.
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,      (Equation 15.3.x.2.1.1.1-8)
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 can be changed every pair of tones or every symbol. 

The permutation rule of the antenna hopping (AH) precoders for transmit diversity mode is defined as follows: 
· Let f is the index of the subcarrier starting from 0 (0 <= f <= Nfft-1). Note that f denotes the index of a physical tone not a logical tone. Nfft is the FFT size according to the bandwidth.
· Let t denote the OFDM symbol index starting form 0 ( 0<= t <= 5)

· The AH precoder set contains Np (=6 for diversity mode) precoders

· n = floor( Np / 2 )
· p denotes the precoder index used for a specific tone ( 0<= p <= Np-1)
p = { floor( t / n ) + t * floor( Np / n ) + floor( f / 2 ) } mod Np           (Equation 15.3.x.2.1.1.1-9)
15.3.x.2.1.1.2 Spatial Multiplexing

The following spatial multiplexing modes are supported for open-loop single-user MIMO:

· Rate-2 spatial multiplexing modes:

· 2Tx rate-2: rate 2 SM 

· 4Tx rate-2: rate 2 DSFBC with precoding and rate 2 SM with precoding

· 8Tx rate-2: rate 2 DSFBC with precoding and rate 2 SM with precoding

· Rate-3 spatial multiplexing modes:

· 4Tx rate-3: rate 3 SM with precoding

· 8Tx rate-3: rate 3 SM with precoding

· Rate-4 spatial multiplexing modes:

· 4Tx rate-4: rate 4 SM

· 8Tx rate-4: rate 4 SM with precoding

For 2Tx antennas rate-2 mode, the input and output of the MIMO encoder and the output of the precoder are represented as a 2 ( 1 vector.
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                         (Equation 15.3.x.2.1.1.2-1)
For 4Tx antennas rate-2 mode, the input to the MIMO encoder is represented as a 4 ( 1 vector (DSFBC case) or a 2 x 1 vector (SM case).
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 for DSFBC, 
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 for SM,       (Equation 15.3.x.2.1.1.2-2)

The output of the MIMO encoder is a 4 ( 2 matrix (DSFBC case) or a 4 ( 1 vector (SM case).
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 for DSFBC, 
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 for SM,      (Equation 15.3.x.2.1.1.2-3)  

the output of the precoder is a 4 ( 2 matrix (DSFBC case) or a 4 ( 1 vector (SM case).
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where W is a 4 ( 4 unitary precoder (DSFBC case) or a 4 ( 2 unitary precoder (SM case).
When using DSFBC with precoding, 
[image: image19.wmf]W

 is a set of Np=3 antenna circulation matrices.
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,        (Equation 15.3.x.2.1.1.2-5)
When using SM with precoding, 
[image: image21.wmf]W

 is a set of Np =6 antenna circulation matrices.
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,     (Equation 15.3.x.2.1.1.2-6)
In DSFBC case,
[image: image23.wmf]W

 can be changed every pair of tones or every symbol. In SM case, 
[image: image24.wmf]W

 can be changed every tone or symbol.
For 8Tx antennas rate-2 mode, the input to the MIMO encoder is represented as a 4 ( 1 vector (DSFBC case) or a 2 x 1 vector (SM case).
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 for DSFBC, 
[image: image26.wmf]ú

û

ù

ê

ë

é

=

2

1

s

s

x

 for SM,        (Equation 15.3.x.2.1.1.2-7)

The output of the MIMO encoder is a 4 ( 2 matrix (DSFBC case) or a 4 ( 1 vector (SM case)
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 for DSFBC, 
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 for SM,   (Equation 15.3.x.2.1.1.2-8)

the output of the precoder is a 4 ( 2 matrix
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where W is defined as follows:
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W

 is a 8x4 matrix which is implementation specific, 
[image: image32.wmf]2

W

 is a 4 ( 4 unitary precoder (DSFBC case) or 4 x 2 unitary precoder (SM case).

When using DSFBC with precoding, 
[image: image33.wmf]2

W

 is a set of Np =3 antenna circulation matrices. 


[image: image34.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

0

0

1

0

1

0

0

0

0

1

0

0

0

0

0

1

,

1

0

0

0

0

0

1

0

0

1

0

0

0

0

0

1

,

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

2

W

,  (Equation 15.3.x.2.1.1.2-11)
When SM with precoding, 
[image: image35.wmf]2
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 is a set of Np =6 antenna circulation matrices. 
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, (Equation 15.3.x.2.1.1.2-12)
In DSFBC case,
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 can be changed every pair of tones or every symbol. In SM case,
[image: image38.wmf]2
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 can be changed every tone or symbol.
For the rate-3 spatial multiplexing modes, the input to the MIMO encoder is represented as a 3 ( 1 vector.
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The output of the MIMO encoder is a 3 ( 1 vector.
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For the 4Tx rate-3 mode, the output of the precoder is a 4 ( 1 vector.
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where W is a 4 ( 3 unitary precoder. Note that W may be frequency and/or time dependent as described in section 15.3.x.2.1.1. 
[image: image42.wmf]W

 is a set of Np =4 antenna circulation matrices.
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,  (Equation 15.3.x.2.1.1.2-16)
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 can be changed every tone or symbol.
For the 8Tx rate-3 mode, the output of the precoder is a 8 ( 1 vector.
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where W is defined as follows:
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[image: image47.wmf]1

W

 is a 8x4 matrix which is implementation specific, 
[image: image48.wmf]2

W

 is a 4x3 unitary precoder which consists of a set of Np =4 antenna circulation matrices.
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,  (Equation 15.3.x.2.1.1.2-19) 
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 can be changed every tone or symbol.
For the rate-4 spatial multiplexing modes, the input to the MIMO encoder is represented as a 4(1 vector
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The output of the MIMO encoder is a 4 ( 1 vector.
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For the 4Tx rate-4 mode, the output of the precoder is a 4 ( 1 vector.
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For the 8Tx rate-4 mode, the output of the precoder is a 8 ( 1 vector.
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where W is a 8 ( 4 precoder which is implementation specific.
The permutation rule of the AH precoders for spatial multiplexing mode (including SM and DSFBC) is defined as follows: 
· Let f is the index of the subcarrier starting from 0 (0 <= f <= Nfft-1). Note that f denotes the index of a physical tone not a logical tone. Nfft is the FFT size according to the bandwidth.
· Let t denote the OFDM symbol index starting form 0 ( 0<= t <= 5)

· The AH precoder set contains Np (=3,4, or 6) precoders

· n = floor( Np / 2 )
· p denotes the precoder index used for a specific tone ( 0<= p <= Np-1)
p = { floor( t / n ) + t * floor( Np / n ) + f } mod Np           for SM   (Equation 15.3.x.2.1.1.2-24)
p = { floor( t / n ) + t * floor( Np / n ) + floor( f / 2 ) } mod Np  for DSFBC  (Equation 15.3.x.2.1.1.2-25)
------------------------------------  End of text proposal  ------------------------------------
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