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Proposed Text of DL MIMO Transmission Scheme Section for the IEEE 802.16m Amendment
Wooram Shin, Choong Il Yeh, Young Seog Song,
Byung-Jae Kwak, Jihyung Kim, Min Sik Seo, Dong Seung Kwon
ETRI
1. Introduction
The contribution proposes the text of DL MIMO Transmission Scheme 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/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. Modifications to the SDD text
The text proposed in this contribution is based on subclause 11.8 in the IEEE 802.16m SDD [3]. The modifications to the SDD text are summarized as follows:
· Reorganizing the subclauses in [3] and adding some subclauses
3.1.1. DL MIMO Transmission Scheme

3.1.1.1. DL MIMO Architecture and Data Processing

Antenna Configuration
Layer to Stream Mapping

Stream to Antenna Mapping
3.1.1.2. Signaling Support for MIMO

Signaling Support for SU-MIMO
Signaling Support for MU-MIMO

3.1.1.3. Transmission for Data Channels
SU-MIMO

3.1.1.3.1.1. OL SU-MIMO
3.1.1.3.1.1.1. Transmit Diversity
3.1.1.3.1.1.2. Spatial Multiplexing
3.1.1.3.1.1.3. Feedback for OL SU-MIMO
3.1.1.3.1.2. CL SU-MIMO
3.1.1.3.1.2.1. Feedback for CL SU-MIMO
3.1.1.3.1.3. Codebook for SU-MIMO

MU-MIMO

3.1.1.3.1.4. CL MU-MIMO
3.1.1.3.1.4.1. Opportunistic MU-MIMO
3.1.1.3.1.5. Feedback for MU-MIMO

3.1.1.3.1.6. Codebook for MU-MIMO

3.1.1.3.1.7. Unification with SU-MIMO

Rank and Mode Adaptation

3.1.1.4. Transmission for Control Channels
Transmission for Broadcast Control Channel
Transmission for Unicast Service Control Channel
3.1.1.5. Advanced Features
Multi-ABS MIMO

MIMO for Multi-cast Broadcast Services

· In order to reuse the terminologies and notations in [1], changing the some of them in [3] as follows:
· Rate to STC rate

· An input layer vector to MIMO encoder: x to s
· An output vector of the MIMO encoder: z to x
· A MIMO precoding matrix: P to W
· An output vector of the precoded/beamformer block: y to z
· Number of transmit antenna: NT to Nt
· Number of transmit antenna: NR to Nr
· Number of stream: NS to Mt
· Adding an opportunistic MU-MIMO mode [5] as follows:
For opportunistic MU-MIMO, W is derived as follows:
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where the matrix 
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 is selected in a predefined manner to provide the opportunistic effect, and the matrix WF is derived in the same manner as deriving W in CL MU-MIMO. A predefined precoding matrix 
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where 
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 and changes every u frames (or super-frames).
The simulation result using PU2RC is presented in the following figure:

[image: image7.jpg]18000

16000

4000

2000

Systern capa(kbps)

o
=1
=1
=1

—— CMBF_Ghigh)
8000 —®—CMBF_Glow) [

~—#+— COMBF_G(high)
—#— COMBF_G(low)

6000

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Nusers




It is shown that opportunistic MU-MIMO provides about 16% gain over non-opportunistic MU-MIMO for Nusers = 32 in correlated channels.
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4. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
4. Definitions
Insert the followings at the end of section 3:
xx. layer: A coded modulated information path fed to the MIMO encoder as an input
xx. stream: Each output of the MIMO encoder that is passed to the beamformer/precoder
xx. rank: The number of streams allocated to each resource unit

Abbreviations and Acronyms
Insert the followings at the end of section 4:
ABS


advanced base station

AMS


advanced mobile station

CL


closed-loop

CSI


channel state information

MCW

multiple-codeword

MU


multi-user
OL


open-loop
PMI


precoding matrix index

RU


resource unit

SCW


single-codeword

SFBC

space frequency block code
SU


single-user

Insert DL MIMO Transmission Scheme section as follows:
5. Advanced Air Interface
5.1. 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

5.1.1.1. DL MIMO Architecture and Data Processing

The architecture of DL MIMO on the transmitter side is shown in the Figure 1.
In SU-MIMO, only one user is scheduled in one RU. In MU-MIMO, multiple users are scheduled in one RU.
If vertical encoding (SCW) is utilized, there is only one layer. If horizontal encoding (MCW) is utilized, there are multiple layers.

[image: image8]
Figure 1 – DL MIMO Architecture
The encoder block contains the channel encoder, interleaver, rate-matcher, and modulator for each layer.
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 resource mapping block maps the antenna-specific data symbols to the corresponding time-frequency resources in the allocated RUs.

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 schedules AMSs to resource units and decides the followings:
· Allocation type: Whether the allocation should be transmitted with a distributed or localized allocation

· SU versus MU: Whether the resource allocation should support a single user or more than one user

· MIMO mode: Which OL or 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 RU
· Rank: The number of streams allocated to each RU
· MCS level per layer: The modulation and code 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
Antenna Configuration

The ABS employs a minimum of two transmit antennas. The AMS employs a minimum of two receive antennas. The supported transmit antenna configurations are 2, 4, and 8.
Layer to Stream Mapping

The layer to stream mapping depends on the MIMO scheme used. For SU-MIMO, the number of streams is Mt≤min(Nt, Nr), where Mt is no more than 8. The mapping is defined using the following equation
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(15.3.1)
where x is the output of the MIMO encoder, S(s) is an Mt ( NF STC matrix, and s is the input layer vector.
For SU-MIMO, SCW is employed. For MU-MIMO, MCW is employed at the ABS while only one stream is transmitted to each AMS.
Stream to Antenna Mapping

The stream to antenna mapping depends on the MIMO scheme used. The mapping is defined using the following equation

[image: image10.wmf]=´

zWx











(15.3.2)
where z is the output of the precoder/beamformer and W is an Nt ( Mt precoding matrix.
5.1.1.2. Signaling Support for MIMO

Signaling Support for SU-MIMO

For CL SU-MIMO, the precoding matrix shall be signaled via explicit signaling if common demodulated pilots are used, or via dedicated pilots.

Signaling Support for MU-MIMO

For CL MU-MIMO, the precoding matrix shall be signaled via explicit signaling if common demodulation pilots are used, or via dedicated pilots.
5.1.1.3. Transmission for Data Channels
SU-MIMO
Single-user MIMO schemes are used to improve per-link performance.

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 STC matrix x = S(s), which serves as the input to the precoder.
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(15.3.4)

where xs,k is the s-th stream output on the k-th subcarrier. Note NF is the number of subcarriers used to transmit the MIMO signals derived from the input vector s. For OL SU-MIMO, the STC rate of a mode is defined as R = M / NF. The output of the MIMO encoder is multiplied by an Nt ( Mt precoder, W. The output of the precoder, z, 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.
5.1.1.3.1.1. OL SU-MIMO
A number of antenna configurations and transmission rates are supported in OL SU-MIMO. STC rate 1 transmission modes are defined as Transmit Diversity modes. The other modes with STC rate more than one 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
	R
	M
	Mt
	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

	8
	2
	2
	2
	1

	4
	3
	3
	3
	1

	8
	3
	3
	3
	1

	4
	4
	4
	4
	1

	8
	4
	4
	4
	1

	8
	5
	5
	5
	1

	8
	6
	6
	6
	1

	8
	7
	7
	7
	1

	8
	8
	8
	8
	1


The output of the STC encoder on k-th subcarrier is precoded by multiplying with an Nt ( Mt precoding matrix W(k). The matrix W(k) is selected from a predefined codebook defined in 15.3.9.3.1.3, and changes every u PRUs.
5.1.1.3.1.1.1. 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, z = s. Then the output of MIMO encoder is multiplied by Nt × 1 matrix W.
For the transmit diversity modes with M=2, the input to the MIMO encoder is represented by a 2 × 1 vector.
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(15.3.6)

The MIMO encoder generates the SFBC matrix.
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(15.3.7)

Then the output of the MIMO encoder is multiplied by an Nt × 2 matrix W.
5.1.1.3.1.1.2. Spatial Multiplexing
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.
5.1.1.3.1.1.3. Feedback for OL SU-MIMO
For OL SU-MIMO, an AMS may feedback rank, sub-band selection, and CQI to assist the ABS’s decision of rank adaptation and MIMO mode switching.
5.1.1.3.1.2. CL SU-MIMO
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)
Then the output of the MIMO encoder is multiplied by a precoder matrix W. For codebook based precoding in FDD and TDD systems, W is obtained from the PMI fed back from an AMS, which is defined in 15.3.9.3.1.3. For sounding based precoding in TDD systems, W is derived from the UL sounding channel.
5.1.1.3.1.2.1. Feedback for CL SU-MIMO
In FDD and TDD systems, an AMS may feedback some of the following information in CL 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 an AMS shall represent an entry of the base codebook. It shall be sufficient for the ABS to determine a new precoder.

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

· The differential mode: the feedback from an AMS 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 ABS for determining a new precoder.

Mobile station shall support the standard and adaptive mode and may support the differential mode.

The feedback information may be transmitted via a physical layer control channel or via a higher layer signaling message.
In TDD systems, an AMS may transmit a sounding signal on the uplink.
5.1.1.3.1.3. Codebook for SU-MIMO

The base codebook is an IEEE 802.16e-based and/or DFT-based codebook. [The details are TBD.]

MU-MIMO

MU-MIMO schemes are used to boost system throughput.
For MU-MIMO, the MIMO encoder performs multiplexing each layer from Nu AMSs
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(15.3.10)

where si is the i-th input symbol within a batch from the i-th AMS and Nu is up to four. The output of the MIMO encoder is multiplied by an Nt ( Nu precoder, W. The output of the precoder, z, is denoted by a matrix Nt ( 1 matrix
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(15.3.11)
where zj is the output symbol to be transmitted via the j-th physical antenna.
5.1.1.3.1.4. CL MU-MIMO

For codebook based precoding, W is derived from the PMI fed back from an AMS, which is defined in 15.3.9.3.2.4. For sounding based precoding in TDD systems, W is derived from the UL sounding channel.
5.1.1.3.1.4.1. Opportunistic MU-MIMO
For opportunistic MU-MIMO, W is derived as follows:
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where the matrix 
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 is selected in a predefined manner to provide the opportunistic effect, and the matrix WF is derived in the same manner as deriving W in 15.3.9.3.2.1. An Nt ( Nu predefined precoding matrix 
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where 
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5.1.1.3.1.5. Feedback for MU-MIMO

In FDD and TDD systems, an AMS 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 AMS measures the DL reference signal, or the DL dedicated pilots in the allocated resource unit, computes the channel quality information (CQI), and reports the CQI on the UL feedback channel. Both wideband CQI and subband CQI may be transmitted by an AMS. 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 AMS assuming that the interfering users are scheduled by the serving ABS using precoders orthogonal to each other and orthogonal to the reported PMI.
Channel state information feedback may be employed for MU-MIMO. Codebook-based feedback is supported in FDD and TDD systems. Sounding-based feedback is supported in TDD systems.
For codebook based precoding, three different feedback modes for the PMI are supported:

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

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

· The differential mode: the feedback from an AMS 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 ABS for determining a new precoder.

AMS shall support the standard and adaptive mode and may support the differential mode.

An enhanced UL sounding channel is used to feedback CSI-related information by the AMS to facilitate vendor-specific adaptive CL 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).
5.1.1.3.1.6. Codebook for MU-MIMO

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. The ABS indicates which codebook subset (including full set) will be used explicitly or implicitly. [Details are TBD.]
5.1.1.3.1.7. Unification with SU-MIMO

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.
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 adaptation of MIMO 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. 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.
5.1.1.4. Transmission for Control Channels
Transmission for Broadcast Control Channel
An OL SU-MIMO technique that provides diversity gain is used for BCH.
Transmission for Unicast Service Control Channel
An OL SU-MIMO technique that provides diversity and/or beamforming gain is used for USCCH.
5.1.1.5. Advanced Features
Multi-ABS MIMO

Multi-ABS MIMO techniques are supported for improving sector throughput and cell-edge throughput through multi-ABS collaborative precoding, network coordinated beamforming, or inter-cell interference nulling. Both open-loop and closed-loop multi-ABS MIMO techniques can be considered. For closed-loop multi-ABS MIMO, CSI feedback via codebook based feedback or sounding channel will be used. The feedback information may be shared by neighboring ABSs via network interface. Mode adaptation between single-ABS MIMO and multi-ABS MIMO is utilized.
MIMO for Multi-cast Broadcast Services
OL spatial multiplexing schemes as described in Section are used for MBS. No CL-MIMO scheme is supported in MBS.
-------------------------------  Text End  ---------------------------------------------------[image: image26.png]
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