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Proposed Text of Frame Structure Section 
for the IEEE 802.16m Amendment
Tsuguhide Aoki, Yong Sun, Henning Vetter, Hiroki Mori
Toshiba
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/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 subclauses 11.8 in the IEEE 802.16m SDD [3]. The modifications to the SDD text are summarized below:
· Changed ToC exampled in [4]
· Inserted new subclauses as:
· 15.3.6.
  Uplink physical structure

· 15.3.7.
  Downlink Control Structure

· 15.3.8.
  Downlink MIMO Transmission Structure

· Other subclauses afterward should be changed accordingly
· Updated  MU-MIMO with detailed specifications
· Left the sections of DL-MIMO Pilots and Advanced Features as TBD.
· Not included  Signaling Support
Lastly, it does not include the table of Matrix dimensions for open-loop SU-MIMO modes as the table does not cover all combinations. 
3. Core proposal
This proposal text includes Non-linear precoding that provides significant gain over linear precoding. The performance result and simulation parameters are as follows. The detail can be found in our past contributions (C802.16m-08/925r2, 842r1, 366r1). 
[image: image1.emf]0510152025303540

10

-3

10

-2

10

-1

10

0

4x4 (MMSE receiver with 2Rx is assumed)

SNR

PER

 

 

ZF-VP(QPSK)

ZF(QPSK)

ZF-VP(16QAM)

ZF(16QAM)


	Carrier Frequency 
	2.5GHz 

	Subframe structure 
	16m 

	Channel Model 
	SCME 

	Radio environment 
	Urban Micro 

	Mobile speed 
	0km/h 

	Linear precoding schemes 
	ZF, MMSE 

	Non-linear precoding schemes 
	Vector Precoding (ZF) 

	CQI feedback frequency, error, and delay 
	Assume perfect CSI 

	Antenna configuration 
	4x4 

	BS antenna spacing 
	10( 

	Receiver algorithm 
	2 antenna-MMSE 

	Channelization 
	Localized 

	Resource allocation size 
	3RB per user 

	Channel Coding 
	16e CTC 

	Modulation 
	QPSK 

	Code rate 
	1/2 

	Channel Estimation 
	Perfect channel estimation 
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5. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
Physical layer 
3.1.1. Frame structure
3.1.2. Downlink physical structure
3.1.3. Uplink physical structure

3.1.4. Downlink Control Structure

3.1.5. Downlink MIMO Transmission Structure
3.1.5.1. Downlink MIMO Configurations
The advanced air interface shall support downlink MIMO (DL-MIMO) transmission up to 8 streams with configuration of up to 8 transmit antenna and 8 receive antenna. Both single user MIMO (SU-MIMO) and multiuser MIMO (MU-MIMO) are supported.

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, namely, one layer. If horizontal encoding is utilized, there are multiple encoders, namely, multiple layers. 
For MU-MIMO, only close loop transmission is supported. For SU-MIMO, both open loop and close loop transmission shall be operated. For open-loop spatial multiplexing and closed-loop SU-MIMO, the number of streams is
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Where,
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 is the number of streams, which is no more than 8,
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 is the number of transmit antenna,
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 is the number of receiver antenna.
For open-loop transmit diversity modes, [image: image10.png]


 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 8 streams with up to 8 Tx antennas.
The advanced interference shall support both spatial multiplexing MIMO mode and transmit diversity MIMO mode. Spatial multiplexing MIMO mode in SU-MIMO employs both vertical encoding (SCW) and horizontal encoding (MCW) while transmit diversity MIMO mode in SU-MIMO employs SCW. For MU-MIMO, MCW (or horizontal) encoding is employed at the base station while - one stream is transmitted to each mobile station.
3.1.5.2. Mapping and Signaling
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,
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 is the output of the precoder/beamformer,
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 is a pre-coding matrix, 
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 is an STC matrix, 
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 is the input layer vector.
The MIMO mode permutation for various MIMO schemes is supported in either Distributed or Localized resource mapping.
In the downlink closed-loop SU-MIMO and the downlink MU-MIMO, the precoding matrix shall be signaled via explicit signaling if common demodulated pilots are used, or via dedicated pilots.
3.1.5.3. MIMO Processing

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 as, 
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Where
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 is the i-th input symbol within a batch, where [image: image24.png]


.

The output of the MIMO encoder is an [image: image26.png]Ne X N:



 MIMO STC matrix [image: image28.png]


, which serves as the input to the precoder. 

The output of the MIMO encoder is multiplied by [image: image30.png]N X N



 precoder, [image: image32.png]


. The output of the precoder is denoted by a [image: image34.png]N, % N;



 matrix
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Where
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 is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier, 
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 is the numbers of streams,
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 is the number of subcarriers used to transmit the MIMO signals derived from the input vector x. 
3.1.5.4. Single User MIMO

For open-loop SU-MIMO, the rate of a mode is defined as,
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The following transmit diversity modes are supported for open-loop SU-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=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 [image: image46.png]Ny X 2



 matrix W, where W may be selected from a predefined unitary codebook. 

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

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

· Rate-3 spatial multiplexing modes:

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

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

· Rate-4 spatial multiplexing modes:

· 4Tx rate-4: rate 4 SM

· 8Tx rate-4: rate 4 SM with precoding

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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Then the output of the MIMO encoder is multiplied by [image: image49.png]N, X R



 matrix W.

For Closed-loop SU-MIMO, unitary codebook based precoding is supported in both FDD and TDD systems. In TDD systems, sounding based precoding is supported. For codebook based precoding, the base codebook will be an IEEE 802.16e-based and/or DFT-based codebook.
3.1.5.5. Multiuser MIMO

The advanced air interface shall deploy Multi-user MIMO schemes to enable a resource allocation to communicate data to two or more mobile stations 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 up to 8Tx antennas to support up to 8 users.
The precoding for MU-MIMO is specified in the advanced air interface. Up to 8 MSs can be assigned to each resource allocation. Both unitary precoding and non-unitary precoding are supported. The standardized codebook will be an IEEE 802.16e-based and/or DFT-based codebook.

In MU-MIMO systems, the received signal of the f-th subcarrier in the i-th MS (without considering co-channel interference) can be described as:
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Where, 
K is the number of the allocated users,
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 is the precoding vector of the f-th subcarrier for the transmit signal to the j-th MS,

[image: image52.wmf]f

j

,

s

is the processed transmit signal of the f-th subcarrier to the j-th MS,
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is the noise of the f-th subcarrier in the j-th MS. 

The transformed format of the transmit signal may be determined by precoding implementation. One of the processed formats can be represented as in the following equation for general applications. 
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And
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Where, 
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 is the input to the MU-MIMO encoder 
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 is the shaping vector
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 is the absolute value of the real or imaginary part of the constellation symbol(s) with greatest magnitude of the user and [image: image66.png]


 is the smallest distance between two constellation symbols of the user.
The application of the shaping vector is indicated to the AMSs. The definition of the indicator is TBD
If dedicated pilots are used, the form and derivation of the assembled precoding matrix,
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, presents the precoding implementation. If the columns of the assembled precoding matrix are orthogonal to each other, it is defined as unitary MU-MIMO. Otherwise, it is defined as non-unitary MU-MIMO. Beamforming is enabled with this precoding mechanism. 
When non-unitary precoding is applied, the power of the transmit signal is calculated in one RU and it is normalized before transmission.
3.1.5.6. Feedback Mechanisms and Operations

In FDD systems and TDD systems, an AMS may feed back some of the following information in Closed Loop SU-MIMO mode and MU-MIMO mode:

· Rank (Wideband or sub-band)

· Sub-band selection

· CQI (Wideband or sub-band, per layer) + received signal strength
· PMI (Wideband or sub-band for serving cell and/or neighboring cell)

· Long-term CSI tracking and estimation
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.

ABS 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.
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.
In TDD systems, an AMS may transmit a sounding signal on the uplink. 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).
3.1.5.7. DL-MIMO Pilots

[TBD]

3.1.5.8. Advanced Features
Multi-BS MIMO [TBD].
MIMO for Multi-cast Broadcast Services [TBD].

-------------------------------  Text End  ---------------------------------------------------
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