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Introduction
In this contribution, we modified IEEE 802.16m uplink OL-SU-MIMO text. 

In session #57, several decisions have been made. Some clean-up is still necessary to fully reflect these decisions:

· SFBC type of STC shall be output of MIMO encoder
· FFS list shall be same as downlink FFS list
The proposed text also considerably simplifies and shortens the description of the transmit diversity and spatial multiplexing schemes without any technical change.  

The following comment will be superceded by this contribution, comment #471.

Comment # : 472, 473, 474, 475, 476, 477, 479, 480, 481, 482
------------------------------------------------------------ Text begins ------------------------------------------------------------

Remedy : Line 23, page 96 to line 25, page 100
Modify texts as follows;

11.12.2.1 Single-user MIMO

Single-user MIMO schemes are used to improve per-link performance in the uplink.  

Both open-loop single-user MIMO and closed-loop single-user MIMO are supported for the antenna configurations specified in Section 11.12.1.1. 

For open-loop single-user MIMO, both spatial multiplexing and transmit diversity schemes are supported. 

For closed-loop single-user MIMO, codebook based precoding is supported for both TDD and FDD systems. 

For closed-loop single-user MIMO, downlink pilot based precoding is supported for TDD systems. 

As described in section 11.12.1, the overall structure of MIMO processing has two parts. The first part is the MIMO encoder and second part is the precoder. 
The MIMO encoder is a batch processor that operates on M input symbols at a time. The input to the MIMO encoder is represented by an M ( 1 vector
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, Equation 25
where si si is the i-th i-th input symbol within a batch. The output of the MIMO encoder is an NS ( NF MIMO STC matrix z = S(x), which serves as the input to the precoder. The output of the MIMO encoder is multiplied by NT ( NS precoder, P. The output of the precoder is denoted by a matrix NT ( NF matrix


[image: image2.wmf]1,11,21,

2,12,22,

,1,2,

F

F

TTTF

N

N

NNNN

yyy

yyy

yyy

éù

êú

êú

=´=

êú

êú

êú

ëû

yPz

L

L

MMOM

L


[image: image3.wmf]ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

=

F

T

T

T

F

F

,

2

,

1

,

,

2

2

,

2

1

,

2

,

1

2

,

1

1

,

1

N

N

N

N

N

N

y

y

y

y

y

y

y

y

y

L

M

O

M

M

L

L

y

, Equation 26
where yi,j yj,k is the output symbol to be transmitted via the i-th j-th physical antenna on the j-th k-th subcarrier/symbol. Note NF is the number of subcarriers or symbols used to transmit the MIMO signals derived from the input vector x. For open-loop SU-MIMO, the rate of a mode is defined as 
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11.12.2.1.1 Open-loop SU-MIMO

A number of antenna configurations and transmission rates are supported in uplink open-loop SU-MIMO. Among them, 2Tx and 4Tx antennas with rate 1 transmission are defined as Transmit Diversity modes. The operation of these modes is specified in Section 11.12.2.1.1.1. The other modes, including 2Tx and 4Tx antennas with rate 2 transmission, 4Tx antennas with rate 3 transmission, and 4Tx antennas with rate 4 transmission, are defined as Spatial Multiplexing modes. The operation of these modes is specified in Section 11.12.2.1.1.2. The dimensions of the vectors and matrices for open-loop SU-MIMO are shown in the following table:

Table 7 Matrix dimensions for open-loop SU-MIMO modes
	NT
	Rate
	M
	NS
	NF

	2
	1
	1
	1
	1

	2
	1
	2
	2
	2

	4
	1
	1
	1
	1

	4
	1
	2
	2
	2

	2
	2
	2
	2
	1

	4
	2
	2
	2
	1

	[4]
	[2]
	[4]
	[4]
	[2]

	4
	3
	3
	3
	1

	[4]
	[3]
	[6]
	[6]
	[2]

	4
	4
	4
	4
	1


[Note : This table will be updated according to the decision of OL-SU-MIMO]

On a given frequency resource subcarrier k [size is FFS], the precoding matrix P can be defined using the following equation:

P(k) = D(k)W(k), Equation 27
The precoder is composed of two matrices. The first matrix W(k) is an NT ( NS matrix, where NT is the number of transmit antennas and NS is the number of streams. The matrix W(k) is selected from a predefined unitary codebook, and changes every u subcarriers, and/or v OFDM symbols. The matrix W(k) can be identity matrix for 4Tx rate-4 spatial multiplexing case. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix. [The detailed unitary codebook, and the parameter u and v are FFS.] The second matrix D(k) is an NT ( NT diagonal matrix as follows,
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where k denotes frequency resource index and 
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denotes the phase shift for the i-th transmit antenna across two adjacent frequency resources. [The value of 
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  is FFS.]

For OL SU-MIMO, the following schemes are FFS: rate-1 STBC/SFBC and rate-2 Double STBC/SFBC, 2-D POD for rate-1 and rate-2, rate-3 hybrid SM+STBC/SFBC, differential STBC/SFBC, Antenna hopping, and SM+Antenna hopping.
For OL SU-MIMO, the following schemes are FFS:  4Tx rate-1 SFBC + Antenna hopping, 4Tx rate-2 Double SFBC + Antenna hopping, 4Tx rate-2 SM + Antenna hopping, 4Tx rate-3 SM + Antenna hopping, 4Tx rate-3 hybrid SM + SFBC + Antenna hopping.

11.12.2.1.1.1 Transmit Diversity

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

· 2Tx rate-1: For M = 2, STBC/SFBC, and for M = 1, a rank-1 precoder

· 4Tx rate-1: For M = 2, STBC/SFBC with precoder, and for M = 1, a rank-1 precoder

For the transmit diversity modes with M=1, the input to MIMO encoder is x=s1, and the output of the MIMO encoder is a scalar, z=x. Then the output of MIMO encoder is multiplied by NT × 1 matrix W, where W is described in section 11.12.1.1.1.
For the transmit diversity modes with M=2, 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 30
Then the output of the MIMO encoder is multiplied by NT × 2 matrix W, where W is described in section 11.12.1.1.1.
In Transmit Diversity mode, the MIMO encoder generates 2Tx STBC/SFBC, and then multiplied by NT ( 2 matrix and NT ( NT diagonal matrix as described in section 11.12.1.1.
For the transmit diversity modes, for M=1, the input to MIMO encoder is
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and the output of the MIMO encoder is a scalar
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The output of the rank-1 precoder for NT = 2, and 4 Tx antennas is a NT ( 1 matrix
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where W and D may be frequency and/or time dependent as described in section 11.12.2.1.1.
For the transmit diversity modes, the input to the MIMO encoder is represented a 2 ( 1 vector 
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The output of the MIMO encoder is a 2 ( 2 matrix
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For the 2Tx rate-1 mode, the output of the precoder is a 2 ( 2 matrix


[image: image15.wmf]z

y

=

, Equation 31
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 precoder and D is a 4 ( 4 diagonal phase matrix. Note that W and D may be frequency dependent as described in section 11.12.2.1.1. 
11.12.2.1.1.2 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 SM with precoding

· Rate-3 spatial multiplexing modes:

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

· Rate-4 spatial multiplexing modes:

· 4Tx rate-4: rate 4 SM with precoding
For the rate-R spatial multiplexing modes, the input and the output of MIMO encoder is represented by an R ( 1 vector
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Then the output of the MIMO encoder is multiplied by NT × R matrix W, where W is described in section 11.12.1.1.1.
For the rate-2 spatial multiplexing modes, the input to the MIMO encoder is represented as a 2 ( 1 vector
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The output of the MIMO encoder is a 2 ( 1 vector
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For the 2Tx rate-2 mode, the output of the precoder is a 2 ( 1 vector
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For the 4Tx rate-2 mode, the output of the precoder is a 4 ( 1 vector
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where W is a 4 ( 2 precoder and D is a 4 ( 4 diagonal phase matrix. Note that W and D may be frequency dependent as described in section 11.12.2.1.1.

For the rate-3 spatial multiplexing modes, the input to the MIMO encoder is represented as a 3 ( 1 vector


[image: image22.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

3

2

1

s

s

s

x

, Equation 37
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 precoder and D is a 4 ( 4 diagonal phase matrix. Note that W and D may be frequency dependent as described in section 11.12.2.1.1.

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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