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Proposed SDD text:
11.x  UL MIMO Transmission Scheme 
11.x.1  UL MIMO Architecture and Data Processing
The architecture of uplink MIMO on the transmitter side is shown in the Figure 1. 

In SU-MIMO, only one user is scheduled in one Resource Unit (RU). In collaborative MIMO, multiple users can be scheduled in one RU. 
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Figure 1. UL-MIMO Architecture
The encoder block contains the channel encoder and modulator for each codeword. 

The MIMO encoder block maps one codeword onto M layers which are fed to the precoding block. A layer corresponds to a spatial stream. 
The precoding block maps layers to antennas by generating the antenna specific data symbols according to the selected MIMO mode. 
The OFDM symbol construction block maps antenna specific data to the OFDM symbol. The permutation and pilot insertion are implemented in this block.
The UL signaling block contains control information such as MCS selection, MIMO mode selection, the PVI (prefer vector index). 

When only one transmit antenna is configured, MIMO encoder and precoder are not present in Figure 1.

11.x.1.1. Antenna Configuration
The MS employs one or two transmit antennas. The antenna space is ½ lambda…  
11.x.1.2. Codeword to Layer Mapping
The number of spatial streams, M, for SU-MIMO is 
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denote number of transmitting antenna and receiving antenna, respectively.  For Collaborative MIMO, the collaborative users shall have the same stream number and same MIMO schemes. The number of spatial steams for collaborative MIMO is no more than 2 for each MSs.. For SU-MIMO and collaborative MIMO, only SCW is supported.
11.x.1.3. Layer to Antenna Mapping
The layer to antenna mapping can be represented as in the Figure 2.
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Figure 2. Layer to antenna mapping
The layer to antenna mapping depends on the MIMO scheme used.  The mapping can be defined using the following equation
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where P is a pre-coding matrix, S(x) is an STC/SM matrix, and x is the input layer vector.   

11.x.1.4. Resource mapping
The following table illustrates the MIMO mode permutation for various MIMO schemes.

	MIMO Scheme
	Resource Mapping

	Open Loop SU-MIMO
	Distributed or Localized

	Closed Loop SU-MIMO
	Localized

	Open Loop

Collaborative MIMO
	Distributed or Localized

	Closed Loop

Collaborative MIMO
	Localized


11.x.2. Transmission for Data Channels 
11.x.2.1. Single-user MIMO
Single-user MIMO schemes are used to improve per-link performance.  
Both open-loop single-user MIMO and closed-loop single-user MIMO shall be supported for the antenna configuration specified in Section 11.x.1.1. A variety of transmission modes are supported in each case. 

For open-loop single-user MIMO, both spatial multiplexing and transmit diversity schemes shall be supported. 
For closed-loop single-user MIMO, codebook based precoding shall be supported for both TDD and FDD systems. 
11.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 antennas with rate 1 transmission are defined as Transmit Diversity modes. The operation of these modes is specified in Section 11.x.2.1.1.1. The other modes, including 2Tx antennas with rate 2 transmission, are defined as Spatial Multiplexing modes. The operation of these modes is specified in Section 11.x.2.1.1.2. 
For open loop SU-MIMO, the precoding matrix P can be defined using the following equation:

P = I.

I is an NT( NT identity matrix, where NT is the number of physical antennas at transmitter.
11.x.2.1.1.1. Transmit Diversity
In transmit diversity mode, rate 1 STBC/SFBC with 2 transmit antennas shall be supported for open-loop single-user MIMO. 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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The output of the precoder is a 2 ( 2 matrix
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11.x.2.1.1.2. Spatial Multiplexing
In spatial multiplexing mode, rate 2 spatial multiplexing with 2 transmit antennas shall be supported for open-loop single-user MIMO. 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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The output of the precoder is a 2 ( 1 vector
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11.x.2.1.2. Closed-loop SU-MIMO
11.x.2.1.2.1. Precoding technique
In FDD and TDD systems, unitary codebook based precoding shall be supported. 
11.x.2.2. Collaborative MIMO 
Collaborative MIMO schemes are used to enable a resource allocation to communicate data to two or more MSs. 802.16m uses collaborative MIMO to boost system throughput.
Both open-loop collaborative MIMO and closed-loop collaborative MIMO shall be supported for the antenna configurations specified in Section 11.x.1.1. 
For open-loop collaborative MIMO, both spatial multiplexing and transmit diversity schemes shall be supported. 
For closed-loop collaborative MIMO, codebook based precoding shall be supported for both TDD and FDD systems. 
For collaborative MSs, they should have the same stream number and the same MIMO schemes. 
11.x.3. Transmission for Uplink Control Channel
MIMO schemes can be used for Uplink control channels, e.g. fast feedback channel, ACK/NAK channel, and ranging channel. 
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