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Proposed Text for the MIMO 
Section of the IEEE 802.16m Amendment
Yinggang Du, Hongjie Si, Yang Tang, Xin Chang
Qi Li, Yinwei Zhao, Ping Yu, Jianmin Lu
Huawei Technologies

1. Introduction
The contribution proposes text for the DL MIMO and UL MIMO sections 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].
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”
3. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
Insert the following text into section 15 of IEEE 802.16m-008/050: 
15. Advanced Air Interface 

15.3. Physical layer 
15.3.12. DL MIMO Transmission Scheme
15.3.12.1. DL MIMO Architecture and Data Processing
The architecture of downlink 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 MU-MIMO, multiple users can be scheduled in one RU. When vertical encoding (SCW) is utilized, there is only one encoder block (one “layer”). When horizontal encoding (MCW) 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]
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. 

· The OFDM symbol construction block maps antenna-specific data to the OFDM symbol.

· The feedback block contains feedback information such as CQI and CSI from the AMS. 

· The scheduler block will schedule users to resource units and decide their MCS level, MIMO parameters (MIMO mode, rank).  This block is responsible for making a number of decisions with regards to each resource allocation, including:

· Allocation type: Whether the allocation should be transmitted with a distributed or localized allocation

· Single-user (SU) versus multi-user (MU) MIMO: Whether the resource allocation should support a single user or more than one user

· MIMO Mode: Which open-loop (OL) or closed-loop (CL) transmission scheme should be used for the user(s) assigned to the resource allocation.

· User grouping: For MU-MIMO, which users should be transmitted on the Resource Unit (RU)

· 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).

· MCS level per layer: The modulation and coding rate to be used on each layer.  

· Boosting: The power boosting values to be used on the data and pilot subcarriers. 
· Band selection: If localized resource allocation is used, where in the frequency band should the localized allocation be placed.

15.3.12.1.1. Antenna Configuration

The ABS employs a minimum of two transmit antennas. The AMS employs a minimum of two receive antennas. The transmit antenna NT=(2,4,8), where NT denotes the number of ABS transmit antennas.
15.3.12.1.2. Layer to Stream Mapping
For open-loop spatial multiplexing and closed-loop SU-MIMO, the number of streams is
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, where NS is no more than 8. For open-loop transmit diversity modes, NS depends on the STC schemes employed by the MIMO encoder. MU-MIMO can have up to 2 streams with 2 Tx antennas, and up to 4 streams for 4 Tx antennas and 8 Tx antennas.   
For SU-MIMO, spatial multiplexing MIMO mode employs vertical encoding (SCW) and horizontal encoding (MCW), and transmit diversity MIMO mode employs vertical encoding (SCW). For MU-MIMO, horizontal encoding (MCW) is employed at the base-station while only one stream is transmitted to each mobile station.

15.3.12.1.3. 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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where y is the output of the precoder/beamformer, P is a pre-coding matrix, S(x) is an STC matrix, and x is the input layer vector.   

15.3.12.1.4. Resource mapping

The MIMO mode permutation for various MIMO schemes is supported in either Distributed or Localized resource mapping.

15.3.12.1.5. Signaling support for MIMO

15.3.12.1.5.1. Signaling support for SU MIMO

In the downlink closed-loop SU-MIMO, the precoding matrix shall be signalled via explicit signaling when common demodulated pilots are used.
15.3.12.1.5.2. Signaling support for MU MIMO

In the downlink MU-MIMO, the precoding matrix shall be signaled via explicit signaling when common demodulation pilots are used.

Transmission for Data Channels 

15.3.12.1.6. Single-user MIMO

Both open-loop single-user MIMO and closed-loop single-user MIMO can be used for the antenna configurations specified in Section 15.3.8.1.1. For open-loop single-user MIMO, both spatial multiplexing and transmit diversity schemes can be used. For closed-loop single-user MIMO, codebook based precoding can be used for both TDD and FDD systems. For closed-loop single-user MIMO, sounding based precoding can be used for TDD systems. 

As described in section 15.3.8.1, 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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where si is the 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
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where yj,k is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier. NF is the number of subcarriers 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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15.3.12.1.6.1. 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 15.3.8.1.6.1.1. 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 15.3.8.1.6.1.2. The dimensions of the vectors and matrices for open-loop SU-MIMO are shown in the following table:

Table 1 Matrix dimensions for DL 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

	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


On a given subcarrier k, the precoding matrix P can be defined using the following equation:

P(k) = W(k), Equation 4
W(k) is an NT ( NS matrix, where 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 (TBD) subcarriers, and/or v (TBD) OFDM symbols. The matrix W(k) can be identity matrix for 2Tx rate-2 and 4Tx rate-4. 
15.3.12.1.6.1.1. Transmit Diversity

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

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

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

· 8Tx rate-1: For M = 2,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 15.3.8.1.6.1
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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Then the output of the MIMO encoder is multiplied by NT × 2 matrix W, where W is described in section 15.3.8.1.6.1
15.3.12.1.6.1.2. 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 with precoding

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

· 4Tx rate-2: Double SFBC with precoding

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

· 8Tx rate-2: Double SFBC with precoding

· Rate-3 spatial multiplexing modes:

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

· 4Tx rate-3: Hybrid SM and SFBC with precoding

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

· 8Tx rate-3: Hybrid SM and SFBC with precoding

· Rate-4 spatial multiplexing modes:

· 4Tx rate-4: rate 4 SM with precoding
· 8Tx rate-4: rate 4 SM with precoding
For the rate-R SM with precoding modes, the input and the output of MIMO encoder is represented by an R ( 1 vector
[image: image9.wmf]1

1

R

s

s

s

éù

êú

êú

==

êú

êú

ëû

xz

M

, Equation 7
Then the output of the MIMO encoder is multiplied by NT × R matrix W, where W is described in section 15.3.8.1.6.1.

For the Double SFBC with precoding modes, the input and the output of MIMO encoder is represented by a 4 ( 1 vector and a 4 ( 2 matrix respectively.
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Then the output of the MIMO encoder is multiplied by NT × 4 matrix W, where W is described in section 15.3.8.1.6.1. W can be a set of 3 antenna circulation matrices:
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For the rate-3 Hybrid SM and SFBC with precoding modes, the input and the output of MIMO encoder is represented by 6 ( 1 vector and a 4 ( 2 matrix
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Then the output of the MIMO encoder is multiplied by NT × 4 matrix W, where W is described in section 15.3.8.1.6.1. W can be a set of 6 antenna circulation matrices:: 
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 Equation 13
15.3.12.1.6.2. Closed-loop SU-MIMO

15.3.12.1.6.2.1. Precoding technique

In FDD and TDD systems, unitary codebook based precoding is supported. The notation 
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complex, unit vectors of a dimension 
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denotes the number of streams. The integer
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is the number of bits required for the index that can indicate any codeword in the codebook. The codebooks for dimension of 2,4 and 8 are listed in Table xxx.

Table xxx: List of codebooks for spatial dimension of 2,4 and 8

	Spatial dimension
	Rank-1
	Rank-2
	Rank-3
	Rank-4
	Rank-M (M>4)

	2
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In TDD systems, sounding based precoding is supported. 

15.3.12.1.6.2.2. Feedback for SU-MIMO

In FDD systems and TDD systems, a mobile station may feedback some of the following information in Closed loop SU-MIMO mode:

· Rank (Wideband or sub-band)

· Sub-band selection

· CQI (Wideband or sub-band, per layer)

· PMI (Wideband or sub-band for serving cell and/or neighboring cell)

· Long-term CSI

For codebook based precoding, three different feedback modes for the PMI are supported:

· The standard mode: The PMI feedback from a mobile station represents an entry of the base codebook. It shall be sufficient for the base station to determine a new precoder.

· The adaptive mode: The PMI feedback from a mobile station represents an entry of the transformed base codebook according to long term channel information.

· The differential mode: the feedback from a mobile station provides a differential knowledge of the short-term channel information. This feedback represents information that is used along with other feedback information known at the base station for determining a new precoder.

The feedback information can be transmitted via a physical layer control channel or via a higher layer signaling message. 

In TDD systems, a mobile station may transmit a sounding signal on the uplink.

15.3.12.1.7. Multi-user MIMO 
Multi-user MIMO schemes are used to enable a resource allocation to communicate data to two or more AMSs. IEEE 802.16m uses Multi-user MIMO to boost system throughput.
Multi-user transmission with one stream per user is supported for MU-MIMO. MU-MIMO includes the MIMO configuration of 2Tx antennas to support up to 2 users, and 4Tx or 8Tx antennas to support up to 4 users.

15.3.12.1.7.1. Precoding technique

Up to four AMSs can be assigned to each resource allocation. Both unitary and non-unitary MU-MIMO are supported in IEEE 802.16m. The unified codebook for SU and MU is employed. The MU MIMO codebooks are subsets of the unified codebook (including full set) to support both unitary and non-unitary precoding. The codebook subsets (including full set) to be used will be explicitly or implicitly indicated by the BS.   

15.3.12.1.7.2. Unification with SU

Predefined and flexible adaptation between SU-MIMO and MU-MIMO are supported. The adaptation between SU MIMO rank 1 and MU MIMO is dynamic by using the same feedback information.

The adaptation between feedback for SU MIMO rank 2 (or more) and feedback for MU MIMO is semi-static.

15.3.12.1.7.3. Feedback for MU-MIMO

15.3.12.1.7.4. CQI feedback

In FDD systems and TDD systems, a mobile station may feedback some of the following information in MU-MIMO mode:

•
Sub-band selection

•
CQI (Wideband or sub-band, per layer)

•
PMI (Wideband or sub-band for serving cell and/or neighboring cell)

•
Long-term CSI

For CQI feedback, the mobile station measures the downlink pilot channel reference signal or the dedicated pilots in the allocated resource unit, computes the channel quality information (CQI), and reports the CQI on the uplink feedback channel. Both wideband CQI and subband CQI may be transmitted by a mobile station. Wideband CQI is the average CQI of a wide frequency band. In contrast, sub-band CQI is the CQI of a localized sub-band. The CQI is calculated at the mobile station assuming that the interfering users are scheduled by the serving base station using precoders orthogonal to each other and orthogonal to the reported PMI.

15.3.12.1.7.5. CSI feedback

Channel state information feedback may be employed for MU-MIMO. Codebook-based feedback is supported in both FDD and TDD. Sounding-based feedback is supported in TDD. 

For codebook based precoding, three different feedback modes for the PMI are supported:

· The standard mode: the PMI feedback from a mobile station shall represent an entry of the base codebook. It shall be sufficient for the base station to determine a new precoder.

· The adaptive mode: The PMI feedback from a mobile station shall represent an entry of the transformed base codebook according to long term channel information.

· The differential mode: the feedback from a mobile station provides a differential knowledge of the short-term channel information. This feedback represents information that is used along with other feedback information known at the base station for determining a new precoder.

The unified codebook for SU and MU is employed. The MU MIMO codebook contains subsets of the unified codebook (including full set) to support both unitary and non-unitary precoding. When codebook-based feedback is used, the ABS indicates which codebook subset (including full set) will be used explicitly or implicitly.

An enhanced UL sounding channel is used to feedback CSI-related information by the AMS to facilitate vendor-specific adaptive closed-loop MIMO precoding.  For sounding-based precoding, the enhanced UL sounding channel can be configured to carry a known pilot signal from one or more AMS antennas to enable the ABS to compute its precoding/beamforming weights by leveraging TDD reciprocity.  The sounding waveform can be configured to occupy portions of the frequency bandwidth in a manner similar to the sounding waveform used in the legacy system.  To facilitate analog-feedback-based precoding, the enhanced UL sounding channel can be configured to carry unquantized CSI-related information (e.g., an unquantized encoding of the DL spatial covariance matrix or an unquantized encoding of the eigenvectors of the DL spatial covariance matrix).  The unquanitized CSI-related information can be specific to a particular specified portion of the band (narrowband feedback) or specific to the entire bandwidth (wideband feedback).

15.3.12.1.8. Rank and Mode Adaptation

To support the numerous radio environments for IEEE 802.16m systems, both MIMO mode and rank adaptation are supported. ABSs and AMSs may adaptively switch between DL MIMO techniques depending on parameters such as antenna configurations and channel conditions. Parameters selected for mode adaptation may have slowly or fast varying dynamics. By switching between DL MIMO techniques an IEEE 802.16m system can dynamically optimize throughput or coverage for a specific radio environment. 

The MIMO modes include open-loop MIMO like transmit diversity, spatial multiplexing, and closed-loop MIMO, etc. The adaptation of these modes is related with the system load, the channel information, AMS speed and average CINR. Switching between SU-MIMO and MU-MIMO is also supported.
Both dynamic and semi-static adaptation mechanisms are supported in 16m. For dynamic adaptation, the mode/rank may be changed frame by frame. For semi-static adaptation, AMS may request adaptation. The decision of rank and mode adaptation is made by the ABS. The adaptation occurs slowly, and feedback overhead is less.

15.3.12.1.9. MIMO for Multi-cast Broadcast Services

Open-loop spatial multiplexing schemes as described in Section 15.3.8.1.6.1.2 are used for MBS. The MBS data shall contain up to two codewords. The transmission format for multi-codeword transmission shall include a primary codeword and a secondary codeword. The primary and secondary codewords may use different modulation and coding and/or power offsets in order to enable efficient interference cancellation at the mobile station. The stream to antenna mapping for MBS multi-codeword transmission is according to section 15.3.8.1.3, where the precoding matrix P is selected from a predefined unitary codebook, and changes every u (TBD) subcarriers, and/or v (TBD) OFDM symbols. 
15.3.13. UL MIMO Transmission Scheme 
15.3.13.1. UL MIMO Architecture and Data Processing

The architecture of uplink MIMO on the transmitter side is shown in the Figure 2. 

In SU-MIMO, only one user is scheduled in one Resource Unit (RU). In MU-MIMO, multiple users can be scheduled in one RU. When vertical encoding (SCW) is utilized, there is only one encoder block (one “layer”). When horizontal encoding (MCW) 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.
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Figure 2 Uplink 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 precoding block maps streams 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.

· When only one transmit antenna is used, the codeword to stream mapping, MIMO encoding and precoder are removed in Figure 2.

· The ABS will schedule users to resource blocks and decides their MCS level, MIMO parameters (MIMO mode, rank). PMI may be calculated at the ABS or AMS.
· Decisions with regards to each resource allocation include:
· Allocation type: Whether the allocation in question should be transmitted with a distributed or localized allocation

· Single-user (SU) versus multi-user (MU) MIMO: Whether the resource allocation should support a single user or more than one user

· MIMO Mode: Which open-loop (OL) or closed-loop (CL) transmission scheme should be used for the user(s) assigned to the resource allocation.

· User grouping: For MU-MIMO, which users are allocated to the resource allocation

· Rank: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for the user allocated to the resource allocation.

· MCS level per layer: The modulation and coding rate to be used on each layer.  

· Boosting: The power boosting values to be used on the data and pilot subcarriers. 
· Band selection: If localized resource allocation is used, the frequency band location.
15.3.13.1.1. Antenna Configuration

The antenna configurations are denoted by (NT, NR) where NT denotes the number of AMS transmit antennas and NR denotes the number of ABS receive antennas. The supported antenna configurations are NT = 1, 2, or 4 and NR ≥ 2.

15.3.13.1.2. Layer to Stream Mapping
For open-loop spatial multiplexing and closed-loop SU-MIMO, the number of streams is 
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. For open-loop transmit diversity modes, NS depends on the STC schemes employed by the MIMO encoder and its value is specified in 15.3.12.2.2.1. For SU-MIMO and MU-MIMO, both Vertical encoding (SCW) and Horizontal encoding (MCW) can be employed.
The layer to stream mapping depends on the MIMO scheme used. The mapping can be defined using the following equation:

z = S(x), Equation 14
where z is the output of the MIMO encoder, S(x) is an STC matrix, and x is the input layer vector.

15.3.13.1.3. 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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where P is a pre-coding matrixand z is the output of the MIMO encoder.   

15.3.13.1.4. Resource mapping

The MIMO mode permutation for various MIMO schemes is supported in either Distributed or Localized resource mapping.

15.3.13.1.5. Signaling support for MIMO

15.3.13.2. Transmission for Data Channels 

15.3.13.2.1. Single-user MIMO

Both open-loop single-user MIMO and closed-loop single-user MIMO are supported for the antenna configurations specified in Section 15.3.12.1.1. For open-loop single-user MIMO, both spatial multiplexing and transmit diversity schemes are supported. For closed-loop single-user MIMO, codebook based precoding can be used for both TDD and FDD systems. For closed-loop single-user MIMO, downlink pilot based precoding can be used for TDD systems. 

As described in section 15.3.12.1, 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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where si is the 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
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where yj,k is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier. 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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15.3.13.2.2. 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 15.3.12.2.2.1. 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 15.3.12.2.2.2. The dimensions of the vectors and matrices for open-loop SU-MIMO are shown in the following table:

Table 2 Matrix dimensions for UL 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
	4
	2

	4
	4
	4
	4
	1


On a given subcarrier k, the precoding matrix P can be defined using the following equation:

P(k) = W(k), Equation 18
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 2Tx rate-2 and 4Tx rate-4 spatial multiplexing case. 
15.3.13.2.2.1. Transmit Diversity

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

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

· 4Tx rate-1: For M = 2, 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 15.3.12.1.1.1.
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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Then the output of the MIMO encoder is multiplied by NT × 2 matrix W, where W is described in section 15.3.12.1.1.1.
15.3.13.2.2.2. 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 with precoding

· 4Tx rate-2: rate 2 SM with precoding
· 4Tx rate-2: Double SFBC with precoding
· Rate-3 spatial multiplexing modes:

· 4Tx rate-3: rate 3 SM with precoding
· 4Tx rate-3: Hybrid SM and SFBC with precoding
· Rate-4 spatial multiplexing modes:

· 4Tx rate-4: rate 4 SM with precoding
For the rate-R SM with precoding 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 15.3.12.2.1.1.

For the Double SFBC with precoding modes, the input and the output of MIMO encoder is represented by a 4 ( 1 vector and a 4 ( 2 matrix respectively.
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Then the output of the MIMO encoder is multiplied by NT × 4 matrix W, where W is described in section 15.3.12.2.1.1.
For the rate-3 Hybrid SM and SFBC with precoding modes, the input and the output of MIMO encoder is represented by 6 ( 1 vector and a 4 ( 2 matrix
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Then the output of the MIMO encoder is multiplied by NT × 4 matrix W, where W is described in section 15.3.8.1.6.1.

15.3.13.2.3. Closed-loop SU-MIMO

15.3.13.2.3.1. Precoding technique

In FDD and TDD systems, unitary codebook based precoding is supported. In this mode, a mobile station transmits a sounding pilot in the uplink to assist the uplink scheduling and precoder selection in the base station. The base station signals the resource allocation, MCS, rank, preferred precoder index, and packet size to the mobile station. The codebook on the uplink shall be the same or a subset of the SU-MIMO codebook in the downlink. 

In TDD systems, downlink pilot based precoding is supported. In this mode, a mobile station transmits a sounding pilot in the uplink to assist the uplink scheduling in the base station. The base station signals the resource allocation, MCS, rank, and packet size to the mobile station. The mobile station chooses the precoder based on the downlink CQI measurement pilot. The precoder is vendor-specific. It is FFS whether the mobile station will feedback the rank and MCS to assist the uplink scheduling in the base station. 

The support of transmit antenna selection is FFS.

15.3.13.2.4. Uplink overhead channels for uplink SU-MIMO
In FDD systems and TDD systems, a mobile station may transmit a sounding signal on the uplink.

Multi-user MIMO

Uplink Multi-user MIMO is supported to enable multiple AMSs spatially multiplexed on the same radio resources (e.g. the same time and the same frequency allocation) for uplink transmission. 

Both open-loop and closed-loop MU-MIMO are supported. 

AMS precoding and/or beamforming is supported.

15.3.13.2.5. Precoding techniques

In MU-MIMO systems, the received signal of the f-th subcarrier at the ABS can be represents as follows.


[image: image37], Equation 26
where K is the number of the allocated users on one resource unit, [image: image38.wmf]f
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is the uplink channel response of the f-th subcarrier from the j-th AMS to the ABS; [image: image39.wmf]f
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 is the precoding matrix of the f-th subcarrier from the j-th AMS; [image: image40.wmf]f
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is the transmit signal of the f-th subcarrier from the j-th AMS; and [image: image41.wmf]f

n

is the noise of the f-th subcarrier received at the ABS.

In FDD and TDD systems, unitary codebook based precoding is supported. In TDD systems, downlink pilot based precoding is supported and the precoder is vendor-specific. The number of AMSs or streams to support on the same time-frequency resource is also vendor/implementation specific. Different pilot patterns may be employed on different streams. Specific pilot patterns are FFS. The maximum number of pilot streams is limited to 4.

15.3.13.2.6. Open-loop MU-MIMO

AMSs with single transmit antenna are supported in open-loop MU-MIMO transmissions. AMSs with multiple transmit antennas are also supported in open-loop MU-MIMO transmissions. Uplink open-loop SU-MIMO spatial multiplexing modes of all rates, and transmit diversity mode with rank 1, are supported in open loop MU-MIMO for AMSs with more than one transmit antenna. 

The ABS is responsible for scheduling users and the number of transmitted streams such that it can appropriately decode the received signals according to the number of transmitted streams and to the number of receive antennas. The total number of transmitted streams shall not exceed the number of receive antennas at the ABS.

15.3.13.2.7. Closed-loop MU-MIMO

Unitary codebook based precoding is supported for both TDD and FDD. In this case, the AMS shall follow indication of PMI from the ABS in a downlink control channel and perform codebook based precoding. 

Downlink pilot based precoding is supported in TDD systems. In this case, the precoder may be vendor-dependent.  

Non-unitary precoding is FFS.

15.3.13.2.8. Unification with SU-MIMO

Unified codebook for SU and MU may be supported. 

15.3.13.2.9. Feedback for MU-MIMO

Feedback with an uplink sounding signal is supported.

-------------------------------  Text End  ---------------------------------------------------
1.  One codebook for all channel correlation conditions: The good performance in terms of throughput can be achieved with one codebook for a wide range of channel conditions: uncorrelated, correlated and dual-polarized.  

2. Low codeword searching complexity: Compared to the conventional 6-bit codebook, the proposed rank-1 codebook design can at least save the codeword selection complexity by 61%. 
3. Nest property: The column vectors of the rank-2 codebook are the rank-1 codewords. In this case, the codeword selection computation complexity can be further saved by 50%.
4. Low power imbalance: The codebook is designed with the consideration of the power imbalance issue. Compared to 802.16e 6-bit codebook, the proposed codebook can dramatically decrease the power imbalance level. 
5. Low feedback overhead: The codebook is designed in a hierarchical structure to support differential feedback, which can lower the feedback overhead.
Table xxx: 
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	000000
	1
	   0.5000          
	  -0.5000 
	   0.5000          
	  -0.5000 

	010000
	2
	   0.5000          
	  -0.4619 - 0.1913i
	   0.3536 + 0.3536i
	  -0.1913 - 0.4619i

	100000
	3
	   0.5636 
	  -0.3332 - 0.2672i
	   0.1174 + 0.5512i
	  -0.3308 - 0.2702i

	110000
	4
	   0.5000          
	  -0.4619 + 0.1913i
	   0.3536 - 0.3536i
	  -0.1913 + 0.4619i

	000001
	5
	   0.5000          
	   0.5000          
	  -0.5000 
	  -0.5000 

	010001
	6
	   0.3117 
	   0.6025 + 0.1995i
	  -0.4030 - 0.4903i
	  -0.1122 - 0.2908i

	100001
	7
	   0.5587          
	   0.3361 + 0.2735i
	  -0.3361 - 0.2735i
	  -0.1135 - 0.5471i

	110001
	8
	   0.3117
	   0.4030 + 0.4903i
	  -0.6025 - 0.1995i
	  -0.1122 - 0.2908i

	000010
	9
	   0.5000          
	  -0.5000 
	  -0.5000 
	   0.5000          

	010010
	10
	   0.3117          
	  -0.6025 - 0.1995i
	  -0.1122 - 0.2908i
	   0.4030 + 0.4903i

	100010
	11
	   0.5587          
	  -0.3361 - 0.2735i
	  -0.1135 - 0.5471i
	   0.3361 + 0.2735i

	110010
	12
	   0.3117          
	  -0.4029 - 0.4904i
	  -0.1184 - 0.2883i
	   0.6067 + 0.1865i

	000011
	13
	   0.5000          
	   0.0000 - 0.5000i
	   0.5000          
	   0.0000 - 0.5000i

	010011
	14
	   0.3058
	   0.1901 - 0.6052i
	   0.1195 + 0.2866i
	   0.4884 - 0.4111i

	100011
	15
	   0.5587
	   0.2735 - 0.3361i
	   0.1135 + 0.5471i
	   0.2735 - 0.3361i

	110011
	16
	   0.3082
	   0.4887 - 0.4077i
	   0.1205 + 0.2837i
	   0.1842 - 0.6092i

	000100
	17
	   0.5000          
	   0.0000 + 0.5000i
	  -0.5000 
	   0.0000 - 0.5000i

	010100
	18
	   0.5000          
	  -0.1913 + 0.4619i
	  -0.3536 - 0.3536i
	   0.4619 - 0.1913i

	100100
	19
	   0.3082
	  -0.4887 + 0.4077i
	  -0.6092 - 0.1842i
	   0.2837 - 0.1205i

	110100
	20
	   0.5000          
	   0.1913 + 0.4619i
	  -0.3536 + 0.3536i
	  -0.4619 - 0.1913i

	000101
	21
	   0.5000          
	   0.0000 - 0.5000i
	  -0.5000 
	   0.0000 + 0.5000i

	010101
	22
	   0.5000          
	   0.1913 - 0.4619i
	  -0.3536 - 0.3536i
	  -0.4619 + 0.1913i

	100101
	23
	   0.5636
	   0.2673 - 0.3331i
	  -0.1222 - 0.5501i
	  -0.2673 + 0.3331i

	110101
	24
	   0.5000          
	  -0.1913 - 0.4619i
	  -0.3536 + 0.3536i
	   0.4619 + 0.1913i

	000110
	25
	   0.5000          
	   0.5000          
	   0.5000          
	   0.5000          

	010110
	26
	   0.5000          
	   0.4619 + 0.1913i
	   0.3536 + 0.3536i
	   0.1913 + 0.4619i

	100110
	27
	   0.5636          
	   0.3691 + 0.5142i
	   0.3331 + 0.2673i
	   0.0862 + 0.3032i

	110110
	28
	   0.5000          
	   0.4619 - 0.1913i
	   0.3536 - 0.3536i
	   0.1913 - 0.4619i

	000111
	29
	   0.5000          
	   0.0000 + 0.5000i
	   0.5000          
	   0.0000 + 0.5000i

	010111
	30
	   0.3082          
	   0.0104 + 0.3151i
	   0.4077 + 0.4887i
	  -0.4783 + 0.4145i

	100111
	31
	   0.5587          
	  -0.2990 + 0.0880i
	   0.3361 + 0.2735i
	  -0.5216 + 0.3616i

	110111
	32
	   0.3117          
	  -0.2452 + 0.3573i
	   0.6025 + 0.1995i
	  -0.5360 + 0.1578i

	001000
	33
	   0.5000          
	   0.5000          
	   0.5000          
	  -0.5000 

	011000
	34
	   0.3117          
	   0.3573 - 0.2452i
	   0.6025 - 0.1995i
	  -0.1578 + 0.5360i

	101000
	35
	   0.5587          
	   0.0880 - 0.2990i
	   0.3361 - 0.2735i
	  -0.3616 + 0.5216i

	111000
	36
	   0.3117
	   0.3117 - 0.0000i
	   0.4030 - 0.4903i
	  -0.4030 + 0.4903i

	001001
	37
	   0.5000          
	   0.0000 + 0.5000i
	  -0.5000 
	   0.0000 + 0.5000i

	011001
	38
	   0.3117
	   0.2452 + 0.3573i
	  -0.6025 + 0.1995i
	   0.5360 + 0.1578i

	101001
	39
	   0.5587
	   0.2990 + 0.0881i
	  -0.3362 + 0.2735i
	   0.5216 + 0.3616i

	111001
	40
	   0.3117          
	  -0.0000 + 0.3117i
	  -0.4030 + 0.4903i
	   0.4903 + 0.4030i

	001010
	41
	   0.5000          
	  -0.5000 
	   0.5000          
	   0.5000          

	011010
	42
	   0.3082          
	  -0.3666 + 0.2426i
	   0.6092 - 0.1842i
	   0.1615 - 0.5298i

	101010
	43
	   0.5587          
	  -0.0880 + 0.2990i
	   0.3361 - 0.2735i
	   0.3616 - 0.5216i

	111010
	44
	   0.3082          
	  -0.3152 - 0.0036i
	   0.4076 - 0.4888i
	   0.4040 - 0.4872i

	001011
	45
	   0.5000          
	   0.0000 - 0.5000i
	  -0.5000 
	   0.0000 - 0.5000i

	011011
	46
	   0.3117          
	  -0.2452 - 0.3573i
	  -0.6025 + 0.1995i
	  -0.5360 - 0.1578i

	101011
	47
	   0.5587          
	  -0.2990 - 0.0880i
	  -0.3361 + 0.2735i
	  -0.5216 - 0.3616i

	111011
	48
	   0.3082
	   0.0036 - 0.3152i
	  -0.4076 + 0.4888i
	  -0.4872 - 0.4040i

	001100
	49
	   0.5000          
	   0.3536 + 0.3536i
	   0.0000 + 0.5000i
	  -0.3536 + 0.3536i

	011100
	50
	   0.3117
	   0.4260 + 0.0793i
	   0.1995 + 0.6025i
	   0.2674 + 0.4906i

	101100
	51
	   0.5636
	   0.2741 - 0.1559i
	   0.2672 + 0.3332i
	   0.1081 + 0.6236i

	111100
	52
	   0.3117
	   0.2204 + 0.2204i
	   0.4903 + 0.4030i
	   0.0618 + 0.6317i

	001101
	53
	   0.5000          
	  -0.3536 + 0.3536i
	   0.0000 - 0.5000i
	   0.3536 + 0.3536i

	011101
	54
	   0.3117          
	  -0.0793 + 0.4260i
	  -0.1995 - 0.6025i
	   0.4906 - 0.2674i

	101101
	55
	   0.5636          
	   0.1559 + 0.2741i
	  -0.2672 - 0.3332i
	   0.6236 - 0.1081i

	111101
	56
	   0.3117          
	  -0.2204 + 0.2204i
	  -0.4903 - 0.4030i
	   0.6317 - 0.0618i

	001110
	57
	   0.5000          
	  -0.3536 - 0.3536i
	   0.0000 + 0.5000i
	   0.3536 - 0.3536i

	011110
	58
	   0.3117
	  -0.4260 - 0.0793i
	   0.1995 + 0.6025i
	  -0.2674 - 0.4906i

	101110
	59
	   0.5587          
	  -0.2737 + 0.1492i
	   0.2735 + 0.3361i
	  -0.1132 - 0.6245i

	111110
	60
	   0.3082          
	  -0.2154 - 0.2302i
	   0.4887 + 0.4077i
	  -0.0451 - 0.6313i

	001111
	61
	   0.5000          
	   0.3536 - 0.3536i
	   0.0000 - 0.5000i
	  -0.3536 - 0.3536i

	011111
	62
	   0.3117
	   0.0793 - 0.4260i
	  -0.1995 - 0.6025i
	  -0.4906 + 0.2674i

	101111
	63
	   0.5587          
	  -0.1492 - 0.2737i
	  -0.2735 - 0.3361i
	  -0.6245 + 0.1132i

	111111
	64
	   0.3082
	   0.2254 - 0.2204i
	  -0.4888 - 0.4076i
	  -0.6302 + 0.0588i
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