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Proposed Text of UL MIMO Transmission Scheme Section for the IEEE 802.16m Amendment
Wookbong Lee, Bin-Chul Ihm
LG Electronics
1. Introduction
The contribution proposes the text of frame structure 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. Modifications to the SDD text
The text proposed in this contribution is based on subclause 11.10 in the IEEE 802.16m SDD [3]. The modifications to the SDD text are summarized below:
· Changed terminologies so that same terminology can be reused as in [1]. The changes are as follows: 
Input symbol to MIMO encoder: x to s
Output symbol of the MIMO encoder: z to x

Rate to STC rate
MIMO precoding matrix: P to W
Output of the precoding block: y to z
Number of stream: NS to Mt
Number of transmit antenna: NT to Nt
· Modified UL MIMO Architecture according to baseline IEEE 802.16m amendment text [5]
· Defining details of OL SU-MIMO scheme based on results of contribution [6]

· Make precoding matrix sections according to subclause 11.10 as well as subclause 20.2
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-07/002r6, “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”
[5] IEEE C802.16m-08/1339r3, “Proposed Text of Frame Structure Section for the IEEE 802.16m Amendment”
[6] IEEE C802.16m-09/0019, “Performance comparison of IEEE 802.16m OL-SU-MIMO”
4. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
3. Definitions
Insert the following at the end of section 3:
3.xx layer: An information path fed to the MIMO encoder as an input
3.xx stream: Each information path encoded by the MIMO encoder that is passed to the beamformer/precoder
3.xx rank: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for the user allocated to the Resource Unit (RU)
Abbreviations and acronyms
Insert the following at the end of section 4:
CL


closed-loop

MU


multi-user
OL


open-loop

PMI


precoding matrix index
SU


single-user

Insert a new section 15: 
4. Advanced Air Interface 

4.1. Physical layer 
Introduction
OFDMA symbol description, symbol parameters and transmitted signal 
Frame Structure
DL Physical Structure

UL Physical Structure

DL Control Structure

UL Control Structure

Channel coding and HARQ

DL MIMO Transmission Scheme

UL MIMO Transmission Scheme

4.1.1.1. UL MIMO Architecture and Data Processing

The architecture of uplink MIMO on the transmitter side is shown in the Figure 1. 
The Segment by LRU maps the modulated symbols to the corresponding time-frequency resources in the allocated resource units (RUs).
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Figure 1 – UL MIMO Architecture
The FEC block contains the channel encoder, interleaver, and rate-matcher for each layer. 
The Mod block contains the modulator for each layer.
The Segment by LRU 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 Mt (≥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. 

The LRU to Data burst mapping block maps antenna-specific data to the OFDM symbol.

The BS schedules MSs to resource units and decides their MCS level, MIMO parameters (MIMO mode, rank, PMI, pilot type, and pilot index), allocation type, and pilot boosting value.
Layer to Stream Mapping
The layer to stream mapping depends on the MIMO scheme used.

The mapping is defined using the following equation

x=S(s)                                                                            (15.3.1)
Where x is the output of the MIMO encoder, S(s) is an STC matrix, and s is the input layer vector.
For SU-MIMO and MU-MIMO, Vertical encoding (SCW) is employed. Details are defined in 15.3.10.2.1 for SU-MIMO and 15.3.10.2.2 for MU-MIMO. L is equal to 1.
Stream to Antenna Mapping
The stream to antenna mapping depends on the MIMO scheme used.  
The mapping can be defined using the following equation
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                                                                          (15.3.2)
Where z is the output of the precoder/beamformer and W is an Nt ( Mt precoding matrix.
Details for each MIMO scheme are defined in 15.3.10.2.1.1 for OL SU-MIMO, 15.3.10.2.1.2 for CL SU-MIMO, 15.3.10.2.2.1 for OL MU-MIMO, and 15.3.10.2.2.2 for CL MU-MIMO.

4.1.1.2. Transmission for Data Channels
Single-user MIMO
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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                                                                          (15.3.3)

Where si is the i-th input symbol within a batch. The output of the MIMO encoder is an Mt ( NF MIMO STC matrix x = S(s), which serves as the input to the precoder. 
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Where xs,k is the s-th output symbol on the k-th subcarrier. Note NF is the number of subcarriers used to transmit the MIMO. For open-loop SU-MIMO, the rate of a mode is defined as STC Rate=M / NF.
The output of the MIMO encoder is multiplied by an Nt ( Mt precoder, W. The output of the precoder is denoted by a matrix Nt ( NF matrix
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                                                    (15.3.5)
Where zj,k is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier. 

4.1.1.2.1.1. OL SU-MIMO
Open-loop STC rate-1 transmission are defined as Transmit Diversity modes. The other open-loop SU-MIMO modes are defined as Spatial Multiplexing modes.
The dimensions of the vectors and matrices for open-loop SU-MIMO are shown in the following table:
Table 1 – Matrix dimensions for UL open-loop SU-MIMO modes
	Nt
	STC Rate
	M
	Mt
	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
	3
	3
	3
	1

	4
	4
	4
	4
	1


On a given subcarrier k, the precoding matrix W(k) is an Nt ( Mt matrix. The matrix W(k) is selected from a predefined unitary codebook defined in 15.3.10.2.1.1.1, and changes every subband. A subband consists of N1 contiguous PRUs. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix. 
The pilots shall be precoded with the same precoder, W(k).

4.1.1.2.1.1.1. OL SU-MIMO Precoding Matrix
[TBD]
4.1.1.2.1.1.2. Transmit Diversity
For the transmit diversity modes with M=1, the input to MIMO encoder is s=s1, and the output of the MIMO encoder is a scalar, x=s. Then the output of MIMO encoder is multiplied by Nt × 1 matrix W, where W is described in section 15.3.10.2.1.1.1.
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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                                                                     (15.3.7)

Then the output of the MIMO encoder is multiplied by Nt × 2 matrix W, where W is described in section 15.3.10.2.1.1.1.
4.1.1.2.1.1.3. Spatial Multiplexing
In this mode, M shall be equal to STC Rate and Mt. 

For the STC Rate-R spatial multiplexing modes, the input and the output of MIMO encoder is represented by an R ( 1 vector
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                                                                       (15.3.8)
Then the output of the MIMO encoder is multiplied by Nt × Mt matrix W, where W is described in section 15.3.10.2.1.1.1.

4.1.1.2.1.2. CL SU-MIMO
In this mode, M shall be equal to STC Rate and Mt. 

For the STC Rate-R spatial multiplexing modes, the input and the output of MIMO encoder is represented by an R ( 1 vector
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                                                                       (15.3.9)
The output of the MIMO encoder is multiplied by a precoder, W. The output of the precoder is denoted by a matrix Nt ( 1 vector
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                                                                  (15.3.10)
Where zj is the output symbol to be transmitted via the j-th physical antenna.
On a given subcarrier k, the precoding matrix W(k) is an Nt ( Mt matrix. 
For codebook based precoding, the value of W(k) shall be derived from the precoder element defined in  15.3.10.2.1.2.1. 

For TDD downlink reference signal based precoding, the value of W(k) is derived from the DL reference signal. 

The pilots shall be precoded with the same precoder, W(k).

4.1.1.2.1.2.1. CL SU-MIMO Precoding Matrix

[TBD]
MU-MIMO
In this mode, M shall be equal to STC Rate and Mt. 

If the STC Rate of the MS is R, then the input and output of the MIMO encoder is represented by an R ( 1 vector
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The output of the MIMO encoder is multiplied by a precoder, W. The output of the precoder is denoted by a matrix Nt ( 1 matrix
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Where zj is the output symbol to be transmitted via the j-th physical antenna.
4.1.1.2.1.3. OL MU-MIMO
On a given subcarrier k, the precoding matrix W(k) is an Nt ( Mt matrix. The matrix W(k) is selected from a predefined unitary codebook defined in 15.3.10.2.1.1.1, and changes every subband.
The pilots are also precoded with the same W(k).
4.1.1.2.1.4. CL MU-MIMO
On a given subcarrier k, the precoding matrix W(k) is an Nt ( Mt matrix. 
For codebook based precoding, the value of W(k) shall be derived from the precoder element defined in 15.3.10.2.2.2.1. 

For TDD downlink reference signal based precoding, the value of W(k) is derived from the DL reference signal. 

The pilots shall be precoded with the same precoder, W(k).
4.1.1.2.1.4.1. CL MU-MIMO Precoding Matrix

[TBD]
-------------------------------  Text End  ---------------------------------------------------[image: image13.png]
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