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Proposed Text of DL MIMO Section for the IEEE 802.16m Amendment
Shaohua Li, et al.
Nokia Siemens Networks
1. Introduction
The contribution proposes the text of DL MIMO section 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. 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-07/002r6, “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”
3. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
Insert a new section 15: 
DL MIMO Transmission Scheme

15.2.9.1. DL MIMO Architecture and Data Processing

The architecture of downlink MIMO on the transmitter side is shown in the Figure 11 

In SU-MIMO, only one user is scheduled in one Resource Unit (RU). In MU-MIMO, multiple users can be scheduled in one RU. 
If vertical encoding is utilized, there is only one encoder block (one “layer”). If horizontal encoding is utilized, there are multiple encoders (multiple “layers”). A “layer” is defined as a coding / modulation path fed to the MIMO encoder as an input, and a “stream” is defined as each output of the MIMO encoder that is passed to the beamformer / precoder.

[image: image1.emf]
Figure 1 – DL MIMO Architecture
The encoder block contains the channel encoder, interleaver, rate-matcher, and modulator for each layer. 

The Resource Mapping block maps the modulated symbols to the corresponding time-frequency resources in the allocated resource units (RUs).

The MIMO encoder block maps L (≥1) layers onto NS (≥L) streams, which are fed to the Beamformer/Precoder block.  

The Beamformer/Precoder block maps streams to antennas by generating the antenna-specific data symbols according to the selected MIMO mode. 
Layer to Stream Mapping
The complex-valued modulation symbols for each of the layers to be transmitted are mapped onto one or several streams. Complex-valued modulation symbols  
[image: image2.wmf])
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For SU-MIMO
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For MU-MIMO:
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where 
[image: image15.wmf]M

 is the number of streams, 
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 is the number of modulation symbols per stream. 
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 is an STC matrix. It is defined in 15.3.9.2.1.1 for OL SU-MIMO, 15.3.9.2.1.2 for CL SU-MIMO, and 15.3.9.2.2 for CL MU-MIMO.
Stream to Antenna Mapping

The stream to antenna mapping is defined using the following equation
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where 
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 is the output of the precoder/beamformer, 
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 is the output symbol to be transmitted via the j-th antenna on the k-th subcarrier. Note NF is the number of subcarriers used to transmit the MIMO signals. For open-loop SU-MIMO, the rate of a mode is defined as 
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 is an Nt ( Ns precoding matrix in the 
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 subcarrier, where Nt is the number of transmit antennas, and Ns  is the number of streams. It is given in 15.3.9.2.1.1 for OL SU-MIMO, 15.3.9.2.1.2 for CL SU-MIMO, and Error! Reference source not found. for MU-MIMO.
15.2.9.1.1. Mapping to data carrier
For each of the antenna 
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used for transmission, the block of complex-valued symbols 
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 shall be mapped in sequence  starting with 
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 in the LRUs assigned for transmission and not used for pilots. The mapping to subcarrier
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 not reserved for other purposes shall be in increasing order of first the frequency index 
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 over the assigned LRUs and then the symbol index 
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, starting with the first symbol in a subframe. The sequence of 
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15.2.9.2. Transmission for Data Channels
Single-user MIMO
15.2.9.2.1.1. OL Single-user MIMO
Open-loop STC rate-1 transmission are defined as Transmit Diversity modes. The other open-loop Single-user MIMO modes are defined as Spatial Multiplexing modes.
The dimensions of the vectors and matrices for OL SU-MIMO are shown in the following table:
Table 1 – Matrix dimensions for DL OL 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

	8
	1
	1
	1
	1

	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

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

	8
	3
	3
	3
	1

	[8]
	[3]
	[6]
	[4]
	[2]

	4
	4
	4
	4
	1

	8
	4
	4
	4
	1


15.2.9.2.1.1.1. Transmit Diversity
For the transmit diversity modes with M=1, the 
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Then the output of beamformer is 
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where 
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 is a NT × 1 vector., the values of 
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are TBD.
For the transmit diversity modes with M=2, the 
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the output of beamformer is 
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where 
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is a NT × 2 vector, the values of 
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are TBD.
15.2.9.2.1.1.2. Spatial Multiplexing
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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The output of the beamformer is 
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where 
[image: image51.wmf](

)

k

W

 is a NT × R matrix. For 
[image: image52.wmf]2

=

T

N

, 
[image: image53.wmf]R

 is 2, and for 
[image: image54.wmf]4

=

T

N

, 
[image: image55.wmf]R

can be 2, 3 and 4. The values of 
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are TBD. 
15.2.9.2.1.2. CL SU-MIMO
15.2.9.2.1.2.1. Precoding for CL SU-MIMO

The input and the output of MIMO encoder is represented by an R ( 1 vector
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The output of the precoder is denoted by a matrix Nt ( 1 vector
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The values of the precoding matrix 
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shall be selected among the precoder elements in the codebook configured in ABS and AMS. The configured codebook shall be selected from Table defined in 15.3.9.2.1.2.2.2..
For TDD sounding based precoding, the value of 
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 is derived from the MS sounding feedback. 
15.2.9.2.1.2.2. Feedback for single-user MIMO

15.2.9.2.1.2.2.1. CQI feedback
(TBD)
15.2.9.2.1.2.2.2. CSI feedback
15.2.9.2.1.2.2.2.1. Standard Mode
Based codebooks are defined for the CSI feedback of close-loop MIMO, whose codeword is sufficient for the base station to determine a new precoder. The codebooks for 2 Tx transmission with 3-bit feedback index and that for 4 Tx transmission with 4-bit feedback index are listed in Table 2 and Table 3, respectively. 
Table 2 – Base codebook for 2Tx transmission

	Base Codebook Index
	Number of Stream (NS)

	
	1
	2

	0
	  [TBD]
	[TBD]

	1
	[TBD]
	[TBD]

	2
	[TBD]
	[TBD]

	    3
	[TBD]
	[TBD]

	    4
	[TBD]
	[TBD]

	    5
	[TBD]
	[TBD]

	    6
	[TBD]
	[TBD]

	    7
	[TBD]
	[TBD]


Table 3 – 4bit Base codebook for 4Tx transmission

	Base Codebook Index
	Number of Stream (NS)

	
	1
	2
	3
	4

	0
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	1
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	2
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	3
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	4
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	5
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	6
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	7
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	8
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	9
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	10
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	11
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	12
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	13
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	14
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	15
	[TBD]
	[TBD]
	[TBD]
	[TBD]


The codebooks in Table xxx, and Table xxx are produced by generating expressions one per table. These tables are optimized for generation efficiency and storage memory. 

6bit base codebook for one stream and 4 Transmit antennas, V(4,1,6), are generated as follows: 
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where 
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is an empty set
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denotes grassmann manifold, it is the set of all one-dimension subspaces in 
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denotes the line generated by a vector 
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, and 
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is a threshold. 
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denotes the conjugate transpose operation,
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Table 4 – 6bit Base codebook for 4Tx transmission

	Number of Tx

(Nt)
	Number of Stream (NS)

	
	1
	2
	3
	4

	4
	V(4,1,6)
	HE(V(4,1,6),2)
	HE(V(4,1,6),3)
	H(V(4,1,6))


In the table, HE(vN,M) generates an N by M matrix from a unit N vector, VN, by taking the last M columns of 
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15.2.9.2.1.2.2.2.2. Differential Mode
(TBD)
15.2.9.2.1.2.2.2.3. Adaptive Mode
(TBD)
MU-MIMO

15.2.9.2.1.3. Precoding for MU-MIMO

Multi-user MIMO schemes are used to enable a resource allocation to joint transmission data to two or more MSs. The input and the output of MIMO encoder is represented by an R ( 1 vector
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The output of the precoder is denoted by a matrix Nt ( 1 vector
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The values of the precoding matrix 
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shall be derived from the elements in the codebook configured in ABS and AMS. The configured codebook is defined in 15.3.9.2.1.2.2.2..
For TDD sounding based precoding, the value of 
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 is derived from the MS sounding feedback. 
15.2.9.2.1.4. Feedback for MU-MIMO

15.2.9.2.1.4.1. CQI feedback
(TBD)
15.2.9.2.1.4.2. CSI feedback
15.2.9.2.1.4.2.1. Standard Mode
For codebook based precoding, the codebooks defined in 15.3.9.2.1.2.2.2.1 are used for the standard mode CSI feedback. 
15.2.9.2.1.4.2.2. Differential Mode
The codebooks defined in 15.3.9.2.1.2.2.2.2 are used for the differential mode CSI feedback. 
15.2.9.2.1.4.2.3. Adaptive Mode

The codebooks defined in 15.3.9.2.1.2.2.2.3 are used for the adaptive mode CSI feedback. 
15.2.9.3. Transmission for Control Channels
Transmission for Broadcast Control Channel
(TBD)
Transmission for Unicast Control Channel
(TBD)
15.2.9.4. Advanced Features
Multi-BS MIMO

[TBD]
MIMO for Multi-cast Broadcast Services

[TBD]
-------------------------------  Text End  ---------------------------------------------------[image: image91.png]
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