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Proposed Text of MIMO for the IEEE 802.16m Amendment

David Mazzarese, Bruno Clerckx, Sangheon Kim, Hwasun Yu, Heewon Kang, Hokyu Choi

Samsung Electronics

1. Introduction
This contribution proposes the revisions to the amendment text of MIMO, including DL MIMO and UL MIMO, to be included in the IEEE 802.16m Amendment Working Document [1], subclause 15.3.7 and subclause 15.3.10.. The proposed text is compliant to the 802.16m SRD [3] and the 802.16m SDD [4]. It also follows the style and format guidelines in [5]. Furthermore, the proposed text can be readily combined with IEEE P802.16 Rev2/D8 [6].

2. References
[1] IEEE 802.16m-09/0010, “IEEE 802.16m Amendment Working Document (AWD)”, 2009-01-29.

[2] IEEE C802.16m-09/0380, “Initial Contribution List for Project 802.16m MIMO Drafting Group for Amendment”, 2009-01-15. 
[3] IEEE 802.16m-07/002r8, “802.16m System Requirements”, 2009-01-15. 

[4] IEEE 802.16m-08/003r7, “The Draft IEEE 802.16m System Description Document”, 2009-02-07. 
[5] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”, 2008-09-18. 
[6] IEEE P802.16 Rev2/D8, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface for Broadband Wireless Access,” Dec. 2008.

3. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #1 ~~~~~~~~~~~~~~~~~~~~~~~]

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 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)

3.xx Rate: The number of QAM symbols signaled per array channel use.
3.xx Horizontal encoding: Indicates transmitting multiple separately FEC-encoded layers over multiple antennas. The number of encoded layers may be more than 1

3.xx Vertical encoding: Indicates transmitting a single FEC-encoded layer over multiple antennas. The number of encoded layers is always 1.
3.xx Resource Unit: A granular unit in frequency and time, described by the number of OFDMA subcarriers and OFDMA symbols
3.xx Single User MIMO: A MIMO transmission scheme in which a single MS is scheduled in one RU
3.xx Multi-User MIMO: A MIMO transmission scheme in which multiple MSs are scheduled in one RU, by virtue of spatial separation of the transmitted signals
Abbreviations and acronyms
Insert the following at the end of section 4:
CL


Closed-loop

CMI


Codebook Matrix Index

CSM


Collaborative Spatial Multiplexing

DL


Downlink

HE


Horizontal Encoding

MU


Multi-User

OL


Open-loop

PMI


Precoding Matrix Index
RU


Resource Unit

SFBC

Space-Frequency Block Code
STC


Space-Time Coding

SU


Single-User

UL


Uplink

VE


Vertical Encoding

Insert a new section 15: 

4. Advanced Air Interface 

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

Downlink physical structure

Downlink physical control

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #2 ~~~~~~~~~~~~~~~~~~~~~~~]

Downlink MIMO transmission schemes

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #3 ~~~~~~~~~~~~~~~~~~~~~~~]

Downlink MIMO architecture and data processing

The architecture of downlink MIMO at the transmitter side is shown in Figure 1. 
[image: image1.emf]……………
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Figure 1 – Downlink MIMO architecture 

The MIMO encoder block maps L (≥1) layers onto Mt (≥L) streams, which are fed to the Precoder block. A layer is defined as a coding and modulation path fed to the MIMO encoder as an input. A stream is defined as an output of the MIMO encoder which is passed to the precoder. 

For SU-MIMO, only one user is scheduled in one Resource Unit (RU), and only one FEC block exists at the input of the MIMO encoder (vertical MIMO encoding at transmit side). 
For MU-MIMO, multiple users can be scheduled in one RU, and multiple FEC blocks exist at the input of the MIMO encoder (horizontal MIMO encoding at transmit side). 
The Precoder block maps stream(s) to antennas by generating the antenna-specific data symbols according to the selected MIMO mode. 
The subcarrier mapping blocks map antenna-specific data to the OFDM symbol. 
4.1.1.1.1. Layer to stream mapping

Layer to stream mapping is performed by the MIMO encoder. 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 specified in equation (1). 
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Where, 
si is the i-th input symbol within a batch. 

The output of the MIMO encoder is an 
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 MIMO STC matrix as given in equation (2), which serves as the input to the precoder. 
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Where, 
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 is the number of subcarriers occupied by one MIMO block 
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 is the output of the MIMO encoder 
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 is the input layer vector 
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And, 
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(3)
For SU-MIMO transmissions, the rate is defined as in equation (4). 
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[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #4 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.1.1.1. SFBC encoding

The input to the MIMO encoder is represented 2 × 1 vector. 
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(5)
The MIMO encoder generates the SFBC matrix. 
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Where 
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 is 2x2 matrix 
The SFBC matrix, 
[image: image15.wmf]x

, occupies two consecutive subcarriers. 

4.1.1.1.1.2. Vertical encoding

The input and the output of MIMO encoder is represented by an M ( 1 vector. 
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Where, 
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 is the i-th input symbol within a batch 
For vertical encoding, 
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 belong to the same layer. 

4.1.1.1.1.3. Horizontal encoding

The input and output of the MIMO encoder is represented by an M ( 1 vector. 
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Where, 
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 is the i-th input symbol within a batch.
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 belong to different layers. The i-th input symbol belongs to the i-th MS layer. 

Horizontal encodering is only used for MU-MIMO modes.
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #5 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.1.2. Stream to antenna mapping

Stream to antenna mapping is performed by the precoder. The output of the MIMO encoder is multiplied by an 
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 precoder, 
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. The output of the precoder is denoted by an 
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 matrix, z. The mapping can be defined in equation (9).
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(9)
Where, 


[image: image26.wmf]t

N

 is the number of transmit antennas
zj,k is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier 

4.1.1.1.2.1. Non-adaptive precoding


With non-adaptive precoding, the precoding matrix is an Nt×Mt matrix W(k), where Nt is the number of transmit antennas, Mt is the numbers of streams, and k is the physical index of the subcarrier where W(k) is applied. The matrix W is selected from a subset of size NW = [TBD] precoders of the base codebook for a given rank. The matrix W changes every N1PSC contiguous physical subcarriers according to equation (7-1), and it is constant across OFDM symbols. W belongs to the open-loop subset of the base codebook, as specified in Section 15.3.7.2.6.4.2.4.1. The Nt×Mt precoding matrix W(k) applied on subcarrier k is selected as the codeword of index i in the open-loop codebook subset of rank Mt, where i is given by
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(7-1)
4.1.1.1.2.2. Adaptive precoding
With adaptive precoding, the precoder W is derived from the feedback of the MS.

For codebook-based precoding (codebook feedback), there are 3 feedback modes: Base mode, adaptive mode and differential mode, which are described in 15.3.7.2.6.4.1. 

For TDD sounding-based precoding, the value of W is derived from the MS sounding feedback. The sounding channel is defined in 15.3.7.2.6.5. 

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #6 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.1.3. Downlink MIMO modes

There are five MIMO transmission modes for unicast DL MIMO transmission as listed in Table 1. 

Table 1 – MIMO modes
	Mode index
	Description
	Reference

	Mode 0
	OL SU-MIMO (SFBC with non-adaptive precoder)
	

	Mode 1
	OL SU-MIMO (SM with non-adaptive precoder)
	

	Mode 2
	CL SU-MIMO (SM with adaptive precoder)
	

	Mode 3
	OL MU-MIMO (SM with non-adaptive precoder) 
	

	Mode 4
	CL MU-MIMO (SM with adaptive precoder) 
	

	Mode 5 -7
	n/a
	n/a


Some parameters for each DL MIMO mode are shown in Table 2. 

Table 2 – DL MIMO Parameters
	
	Nt
	Rate
	Mt
	NF
	L

	MIMO mode 0
	2
	1
	2
	2
	1

	
	4
	1
	2
	2
	1

	
	8
	1
	2
	2
	1

	MIMO mode 1 and MIMO mode 2
	2
	1
	1
	1
	1

	
	2
	2
	2
	1
	1

	
	4
	1
	1
	1
	1

	
	4
	2
	2
	1
	1

	
	4
	3
	3
	1
	1

	
	4
	4
	4
	1
	1

	
	8
	1
	1
	1
	1

	
	8
	2
	2
	1
	1

	
	8
	3
	3
	1
	1

	
	8
	4
	4
	1
	1

	
	8
	5
	5
	1
	1

	
	8
	6
	6
	1
	1

	
	8
	7
	7
	1
	1

	
	8
	8
	8
	1
	1

	MIMO mode 3 and MIMO mode 4
	2
	n.a.
	2
	1
	2

	
	4
	n.a.
	2
	1
	2

	
	4
	n.a.
	3
	1
	3

	
	4
	n.a.
	4
	1
	4

	
	8
	n.a.
	2
	1
	2

	
	8
	n.a.
	3
	1
	3

	
	8
	n.a.
	4
	1
	4


4.1.1.1.4. 
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #7 ~~~~~~~~~~~~~~~~~~~~~~~]

Transmission schemes for data channels

4.1.1.1.5. Encoding, precoding and mapping of SU-MIMO

4.1.1.1.5.1. Encoding of MIMO modes

4.1.1.1.5.1.1. MIMO mode 0
SFBC encoding of section 15.3.7.1.1.1 shall be used with MIMO mode 0. 

4.1.1.1.5.1.2. MIMO mode 1
Vertical encoding of section 15.3.7.1.1.2 shall be used with MIMO mode 1. The number of streams is 
[image: image28.wmf]min(,)
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, where Nr is the number of receive antennas and Mt is no more than 8. 

4.1.1.1.5.1.3. MIMO mode 2 
Vertical encoding of section 15.3.7.1.1.2 shall be used with MIMO mode 2. The number of streams is 
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, where Mt is no more than 8. 

4.1.1.1.5.2. Precoding of MIMO modes

4.1.1.1.5.2.1. MIMO mode 0 
Non-adaptive precoding of section 15.3.7.1.2.1 with Mt=2 streams shall be used with MIMO mode 0. 

4.1.1.1.5.2.2. MIMO mode 1

Non-adaptive precoding of section 15.3.7.1.2.1 with Mt streams shall be used with MIMO mode 0.
4.1.1.1.5.2.3. MIMO mode 2
Adaptive precoding of section 15.3.7.1.2.2 shall be used with MIMO mode 2. 

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #8 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.1.6. Encoding, precoding and mapping of MU-MIMO

Multi-user MIMO schemes are used to enable a resource allocation to communicate data to two or more MSs. 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 MSs, and 4Tx or 8Tx antennas to support up to 4 MSs, with 1 stream per MS. 

Both OL MU-MIMO (mode 3) and CL MU-MIMO (mode 4) are supported. 
Encoding of MIMO mode 3
Horizontal encoding of section 15.3.7.1.1.3 shall be used with MIMO mode 3. 

Encoding of MIMO mode 4 
Horizontal encoding of section 15.3.7.1.1.3 shall be used with MIMO mode 4. 

Precoding of MIMO modes

4.1.1.1.6.1.1. MIMO mode 3 
In OL MU MIMO, the precoder W is predefined and fixed over time. The definition of W is the same as OL SU MIMO (mode 0 and mode 1). 

4.1.1.1.6.1.2. MIMO mode 4
In CL MU MIMO, the precoder W is an Nt × M matrix for each subcarrier. It is used to communicate to M MSs simultaneously. The form and derivation of the precoding matrix does not need to known at the MS. The BS determines the precoding matrix based on the feedback received from the MS. 

When BS pairs multiple MSs in a sub-band, it shall construct the initial precoding matrix 
[image: image30.wmf]W

 as represented in equation (11). 
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Where, 
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 is the precoding vector for the i-th MS on the k-th subcarrier. 
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 shall be used to precode the pilot symbol of the i-th pilot stream on the k-th subcarrier.
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #9 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.1.7. Mapping of data subcarriers

MIMO mode 0

MIMO mode 1, 2

MIMO mode 3, 4

4.1.1.1.8. Mapping of pilot subcarriers

4.1.1.1.9. Usage of MIMO modes
Table 3 shows permutations supported for each MIMO mode. The definition of DRU, mini-band based CRU, and subband based CRU are in subclause [TBD]. 

Table 3 – Supported permutation for each DL MIMO mode
	[image: image131.wmf]Permutation

MIMO
Mode
	DRU
	Mini-band based CRU
(diversity allocation)
	Mini-band based CRU
(localized allocation)
	Subband based CRU
(localized allocation)

	MIMO mode 0
	Yes
	Yes
	No
	No

	MIMO mode 1
	Yes [Mt=2]
	Yes
	Yes
	Yes

	MIMO mode 2
	No
	Yes, with Mt=1
	Yes
	Yes

	MIMO mode 3
	No
	No
	Yes
	Yes

	MIMO mode 4
	No
	Yes
	Yes
	Yes


All pilots are precoded regardless of number of transmit antennas and allocation type. 

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #10 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.1.9.1. Broadcast information 

Some parameters necessary for DL MIMO operation shall be broadcast by the BS. The broadcast information is carried by BCH or in DCD/UCD.
4.1.1.1.9.2. Unicast information 

Some parameters necessary for DL MIMO operation shall be unicast by the BS to a specific MS. The unicast information is carried by A-MAP IEs or feedback allocation IEs. 

4.1.1.1.10. Feedback mechanisms and operation

4.1.1.1.10.1. Downlink post-processing CINR measurement feedback

The reported channel quality indicator has two types: wideband CQI, subband CQI.

The wideband CQI is one average CQI over whole band.

The average CQI is one average CQI over the best subbands indicated in FBCH.

The subband CQI is one average CQI over the subband.

4.1.1.1.10.2. MIMO mode selection feedback

4.1.1.1.10.3. MIMO feedback information
Table 4 MIMO feedback information
	
	Feedback information type
	Description

	Long period feedback


	Rank information
	For MIMO modes 1 and 2

	
	Subband selection 
	

	
	Stream index (TBD)
	For OL MU MIMO with MIMO mode 3, indicating which streams are preferred.

	
	Quantized Correlation matrix
	For adaptive codebook feedback mode, or long term wideband beamforming

	
	Effective time correlation coefficient [TBD]
	For differential codebook feedback mode

	
	PMI report for serving cell
	For long-term wideband beamforming

	
	PMI report for neighboring cell
	For PMI coordination among multiple BSs

	
	CQI
	Post-processing ESINR for a given MIMO feedback mode

	Short period feedback
	CQI
	Post-processing ESINR for a given MIMO feedback mode

	
	PMI report for serving cell
	For short-term beamforming with MIMO modes 2 and 4

	Event-driven feedback
	TBD
	Refer to uplink control group


[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #11 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.1.10.4. Quantized MIMO feedback for closed-loop transmit precoding

4.1.1.1.10.4.1. Quantized feedback modes

An MS may feedback a Preferred Matrix Index (PMI) to support DL precoding.

There are three types of codebook feedback modes. 

The operation of the codebook feedback modes for the PMI is summarized below:
1. The base mode: the PMI feedback from a MS shall represent an entry of the base codebook. It shall be sufficient for the BS to determine a new precoder.

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

3. The differential mode: the PMI feedback from a MS shall represent an entry of the differential codebook or an entry of the base codebook at PMI reset times. The feedback from a MS 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 BS for determining a new precoder.
The adaptive and differential feedback modes may be applied to the base codebook or a subset of the base codebook. 
4.1.1.1.10.4.2. Base mode for codebook-based feedback

The base codebook may be used for the feedback to support transmit precoding on the DL-MIMO, as instructed by the BS. 
The base codebook is a unitary codebook. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix.
The MS selects its preferred matrix from the base codebook based on the channel measurements. The MS feedbacks the index of the preferred codeword, and the BS computes the precoder W according to the index. Both BS and MS use the same codebook for correct operation. 

For the base mode, the PMI feedback from a mobile station shall represent an entry of the base codebook, where the base codebooks are defined as follows for two, four, and eight transmit antennas at the BS.

The notation C(Nt, Mt, NB) denotes the codebook, which consists of 2NB complex, matrices of dimension Nt by Mt, and Mt denotes the number of streams.

The notation C(Nt, Mt, NB, i) denotes the i-th codebook entry of C(Nt, Mt, NB).
4.1.1.1.10.4.2.1. Base codebook for two transmit antennas

4.1.1.1.10.4.2.1.1. SU-MIMO base codebook

4.1.1.1.10.4.2.1.2. MU-MIMO base codebook

The base codebook for MU-MIMO is same as the rank 1 base codebook for SU-MIMO, defined in 15.3.7.2.6.4.2.1.1.

4.1.1.1.10.4.2.2. Base codebook for four transmit antennas

4.1.1.1.10.4.2.2.1. SU-MIMO base codebook

4.1.1.1.10.4.2.2.2. MU-MIMO base codebook

The base codebook for MU-MIMO is same as the rank 1 base codebook for SU-MIMO, defined in 15.3.7.2.6.4.2.2.1.

4.1.1.1.10.4.2.3. Base codebook for eight transmit antennas

4.1.1.1.10.4.2.3.1. SU-MIMO base codebook

4.1.1.1.10.4.2.3.2. MU-MIMO base codebook

The base codebook for MU-MIMO is same as the rank 1 base codebook for SU-MIMO, defined in 15.3.7.2.6.4.2.3.1.

4.1.1.1.10.4.2.4. Codebook subset selection
4.1.1.1.10.4.2.4.1. OL MIMO subset

4.1.1.1.10.4.2.4.2. CL SU-MIMO subset

4.1.1.1.10.4.2.4.3. CL MU-MIMO subset

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #12 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.1.10.4.3. Adaptive codebook-based feedback mode

The base codebooks and their subsets for SU and MU MIMO can be transformed as a function of the BS transmit correlation matrix. A quantized representation of the BS transmit correlation matrix shall be feedback by the MS as instructed by the BS.
For 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.
In adaptive mode, both BS and MS transform the base codebook to a transformed codebook using the correlation matrix. 
The transformation for codewords of rank 1 is of the form in equation (11).
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The transformation for codewords of rank > 1 is of the form in equation (12).
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Where,
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 contains the averaged directions for precoding. 

After obtaining the transformed codebook, both MS and BS shall use the transformed codebook for the feedback and precoding process.

The correlation matrix R shall be feedbacked to support adaptive mode of codebook-based precoding.

R is feedbacked every Nx superframes (Nx is TBD) and one correlation matrix is valid for whole band.

During some time period and in the whole band, the correlation matrix is measured as
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Where 
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 is the correlated channel matrix in the i-th OFDM symbol period and j-th subcarriers. 

R matrix is updated every Nx super frames (Nx is TBD)

The measured correlation matrix has the format of 
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where the diagonal entries are positive and the non-diagonal entries are complex. Because of the symmetriy of the correlation matrix, only the upper triangular elements shall be feedbacked after quantization. 

R matrix is normalized by the maximum element (amplitude), and then quantized to reduce the feedback overhead.

The equation of normalization is
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The normalized diagonal elements are quantized by 1 bit, and the normalized complex elements are quantized by 4 bits.

The equation for quantization is 
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a=[0.6 0.9] and b=0 for diagonal entries

Table 12-1 – Quantization parameters for the adaptive codebook-based feedback mode with 2Tx
	Diagonal Entries
	a
	b
	q
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	0.6
	0
	0.6000

	
[image: image55.wmf]2

q


	0.9
	0
	0.9000


a=[0.1 0.5] and b=[0 1/8 1/4 3/8 1/2 5/8 3/4 7/8] for non-diagonal upper trangular entries.

Table 12-2 – Quantization parameters for the adaptive codebook-based feedback mode with 4Tx

	non-Diagonal Entries
	a
	b
	q
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	0.1
	0
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The total overhead is 6 bits for 2 transmit antennas and 28 bits for 4 transmit antenna. 

The codebook transformation depends on the correlation matrix fed back by the MS, and as such is MS-specific, but the MS and BS shall use the same transformation.
4.1.1.1.10.4.4. Differential codebook-based feedback mode

The general procedure of differential feedback scheme can be described as below. 
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At time Tmax+1, the process is reset and 
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 is fixed to 0 again.
The rotation and differential codebook are constructed according to the following 2-step procedure.
Firstly, we construct an equally spaced finite set differential codebook, 
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Secondly, the rotation codebook is then build using the following operations:


Step 1: Generate the matrix for 
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where ρ is an effective time correlation coefficient. 

Step 2: Then, take 
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Let the SVD of 
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Step 3: Construct the rotation codebook (adapted to current ρ value)
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When differential codebook feedback mode is enabled, the MS shall report the PMI corresponding to the index i of its preferred rotated codebook entry 
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The unitary matrices of the equally spaced finite differential codebook for two transmit antennas at BS and B=3 are given in Table 14-4. 
Table 14-4 – Differential Codebook Unitary Matrices 
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The unitary matrices of the equally spaced finite differential codebook for four transmit antennas at BS and B=4 are given in Table 14-5. 
Table 14-5 – Differential Codebook Unitary Matrices 
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	Column 2
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	Column 4
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	-0.0482 - 0.2558i
	-0.3197 + 0.6799i
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	0.3537 - 0.4401i
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	-0.5263 - 0.3729i
	0.1497 - 0.1631i
	-0.1030 - 0.0172i
	0.5579 + 0.4612i

	
	-0.1222 - 0.3580i
	-0.8114 + 0.3923i
	-0.1563 + 0.1146i
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	0.0979 + 0.4428i
	-0.3465 + 0.1727i
	-0.1084 + 0.7806i
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	0.6779 + 0.2144i
	-0.0967 - 0.3529i
	-0.2463 - 0.2200i
	-0.3461 - 0.3629i

	
	0.2421 - 0.3300i
	-0.0275 + 0.4333i
	-0.3076 - 0.1315i
	0.5891 - 0.4301i

	
	0.2546 - 0.2375i
	0.4284 - 0.5866i
	0.0177 + 0.3971i
	0.4157 + 0.1425i

	5
	0.3515 + 0.0167i
	-0.1554 + 0.1117i
	0.0386 + 0.2929i
	-0.6705 + 0.5501i

	
	-0.4836 + 0.1506i
	-0.2138 - 0.6278i
	0.2294 + 0.4721i
	0.0464 + 0.1608i

	
	0.7730 + 0.0887i
	0.0390 - 0.4240i
	-0.0937 + 0.2664i
	0.3482 - 0.1104i

	
	0.0523 - 0.1062i
	-0.1601 - 0.5627i
	-0.1443 - 0.7326i
	-0.1560 + 0.2489i

	6
	0.0157 + 0.0106i
	-0.3825 + 0.1709i
	0.4178 + 0.0436i
	-0.6451 - 0.4812i

	
	-0.3924 + 0.6839i
	0.2337 - 0.0749i
	0.1400 - 0.4785i
	0.0870 - 0.2489i

	
	-0.4873 - 0.1883i
	-0.5361 - 0.0966i
	-0.5783 - 0.2922i
	-0.1002 - 0.0222i

	
	0.2439 + 0.2134i
	-0.6684 + 0.1438i
	0.3365 - 0.2051i
	0.4463 + 0.2704i

	7
	-0.1484 - 0.6909i
	-0.5976 - 0.1255i
	-0.2197 - 0.1921i
	0.1260 + 0.1630i

	
	0.4980 - 0.1609i
	0.0538 + 0.6937i
	0.1318 - 0.0756i
	0.2942 + 0.3638i

	
	0.2783 + 0.2876i
	-0.2132 - 0.2287i
	-0.3228 + 0.2323i
	0.7335 - 0.2141i

	
	-0.2306 + 0.1152i
	-0.1937 - 0.0875i
	0.7945 - 0.3202i
	0.3806 - 0.0997i

	8
	0.0167 - 0.5145i
	0.3110 - 0.4278i
	-0.1853 + 0.0053i
	-0.5452 + 0.3516i

	
	-0.3835 - 0.5844i
	-0.1035 + 0.1825i
	-0.4601 - 0.0298i
	0.1926 - 0.4666i

	
	0.3207 + 0.0490i
	-0.7369 - 0.2643i
	-0.1650 + 0.2279i
	-0.3629 - 0.2666i

	
	0.3435 - 0.1519i
	0.2496 - 0.0338i
	-0.0637 + 0.8185i
	0.3485 - 0.0061i

	9
	-0.5688 - 0.0120i
	-0.3898 + 0.2975i
	-0.3493 + 0.0604i
	-0.1820 + 0.5264i

	
	-0.3039 - 0.0476i
	0.1928 - 0.1487i
	0.5434 - 0.5795i
	0.2284 + 0.4034i

	
	-0.3365 + 0.3560i
	0.6043 - 0.3477i
	-0.1999 + 0.0494i
	-0.4809 - 0.0159i

	
	-0.3121 - 0.4942i
	0.1682 - 0.4311i
	-0.1826 + 0.4092i
	0.4929 + 0.0219i

	10
	-0.3930 + 0.1272i
	0.1383 - 0.5915i
	0.6426 + 0.0499i
	-0.1626 + 0.1355i

	
	0.4393 + 0.3725i
	0.4381 - 0.1760i
	-0.0303 + 0.1562i
	0.5067 + 0.4041i

	
	0.2293 + 0.5314i
	0.1544 + 0.3313i
	0.4033 + 0.0137i
	-0.1122 - 0.5968i

	
	0.3684 + 0.1638i
	-0.5052 - 0.1390i
	-0.0042 + 0.6297i
	-0.3747 + 0.1619i

	11
	-0.2373 + 0.0490i
	-0.6173 + 0.5692i
	0.4226 + 0.0197i
	-0.1270 - 0.2027i

	
	-0.3278 - 0.2836i
	-0.2696 + 0.1643i
	-0.4266 - 0.1075i
	-0.0345 + 0.7195i

	
	0.4137 - 0.1395i
	-0.0639 - 0.0419i
	0.5764 - 0.2381i
	0.4628 + 0.4476i

	
	0.6550 - 0.3655i
	-0.0578 + 0.4314i
	-0.3151 + 0.3732i
	0.0127 - 0.0963i

	12
	0.2417 + 0.1763i
	0.0450 + 0.2953i
	0.2078 - 0.4861i
	0.5801 + 0.4530i

	
	-0.0820 - 0.4701i
	0.5723 - 0.3346i
	0.0930 + 0.3083i
	0.1824 + 0.4424i

	
	-0.3244 - 0.0925i
	-0.3863 + 0.0475i
	-0.7244 + 0.0567i
	0.1373 + 0.4336i

	
	0.6554 + 0.3734i
	-0.1363 - 0.5489i
	-0.1929 + 0.2273i
	0.0541 + 0.1393i

	13
	0.3348 + 0.2001i
	-0.5934 + 0.2450i
	-0.5398 + 0.0970i
	-0.3558 - 0.0914i

	
	0.3233 + 0.2147i
	-0.5011 - 0.1514i
	0.4454 + 0.2845i
	0.5079 + 0.1952i

	
	-0.5250 - 0.2586i
	-0.4139 - 0.0765i
	0.3692 + 0.3400i
	-0.4036 - 0.2559i

	
	0.3373 + 0.4909i
	0.3681 - 0.0348i
	0.3008 + 0.2783i
	-0.2955 - 0.5033i

	14
	-0.2795 - 0.2884i
	0.0154 + 0.6932i
	0.0028 + 0.3217i
	-0.1104 - 0.4920i

	
	0.2550 - 0.0730i
	-0.0510 - 0.2703i
	0.2359 + 0.8828i
	-0.0799 + 0.1121i

	
	0.2400 + 0.5271i
	-0.4736 + 0.4282i
	0.0362 - 0.0025i
	-0.4443 + 0.2416i

	
	-0.6298 + 0.1907i
	-0.0845 + 0.1692i
	-0.0729 + 0.2342i
	0.4251 + 0.5390i

	15
	0.4995 + 0.4688i
	-0.3954 - 0.3825i
	0.1135 + 0.2966i
	0.2189 - 0.2817i

	
	-0.2746 + 0.0992i
	-0.2530 + 0.6514i
	0.0345 + 0.3733i
	0.5337 - 0.0295i

	
	0.2411 + 0.5303i
	-0.0982 + 0.4310i
	-0.5151 - 0.3534i
	-0.2623 + 0.0790i

	
	-0.0352 - 0.3240i
	-0.0016 - 0.1165i
	-0.5692 - 0.2106i
	0.3326 - 0.6335i

	16
	-0.0246 - 0.1239i
	-0.1148 - 0.4967i
	0.7805 + 0.0955i
	-0.0974 - 0.3103i

	
	0.3017 - 0.2799i
	0.0232 - 0.3740i
	-0.0315 - 0.3722i
	0.6925 + 0.2666i

	
	-0.2235 - 0.4672i
	-0.4954 + 0.0779i
	0.0580 + 0.4264i
	-0.0101 + 0.5430i

	
	-0.5613 - 0.4811i
	0.5716 - 0.1464i
	-0.0689 - 0.2284i
	-0.2050 + 0.0803i


A recommended value for the effective time correlation coefficient is ρ=0.95.
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #13 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.1.10.5. Unquantized MIMO feedback for closed-loop transmit precoding

4.1.1.1.10.5.1.  UL Sounding

To assist the BS in determining the precoding matrix to use for SU-MIMO or MU-MIMO, the BS may request the MS transmit a sounding signal in an UL sounding channel. The BS may translate the measured UL channel response to an estimated DL channel response. The transmitter and receiver hardware of BS and MS shall be calibrated. 

The UL sounding channel defined in subclause [TBD] is used in MIMO transmission. 

4.1.1.1.10.5.2. Analog Feedback

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #14 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.1.2. Transmission schemes for control channels
4.1.1.2.1. Superframe Header (SFH)
For two BS transmit antennas, the P-SFH and the S-SFH shall be transmitted using SFBC. 
The input to the MIMO encoder is represented by a 2 × 1 vector. 
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The MIMO encoder generates the SFBC matrix.
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The MIMO precoder is TBD.

The two stream pilot pattern defined in 15.3.5.x is used for SFH transmission.
4.1.1.2.2. Advanced MAP (A-MAP)

MIMO mode 0 shall be used for transmission of the A-MAP. 
Two stream pilot pattern defined in 15.3.5.x shall be used for MAP transmission. 

4.1.1.3. MIMO transmission schemes for E-MBS
The downlink transmission mode of E-MBS shall use open-loop SU MIMO mode 1, with spatial multiplexing and layer to stream mapping using horizontal encoding with two streams (Mt=2). Non-adaptive precoding shall follow the procedure specified in section 15.3.7.2.1.
4.1.2. Uplink physical structure

4.1.3. Uplink physical control

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #15 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.4. Uplink MIMO transmission schemes 
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #16 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.4.1. Uplink MIMO architecture and data processing
The architecture of uplink MIMO at the transmitter side is shown in Figure 2. 
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Figure 2: UL MIMO Architecture

The MIMO encoder block maps a single layer (L = 1) onto Mt (≥1) streams, which are fed to the Precoder block. A layer is defined as a coding and modulation path fed to the MIMO encoder as an input. A stream is defined as an output of the MIMO encoder which is passed to the precoder.
For SU-MIMO and Collaborative spatial multiplexing (MU-MIMO), only one FEC block exists in the allocated RU (vertical MIMO encoding at transmit side).
The Precoder block maps stream(s) to antennas by generating the antenna-specific data symbols according to the selected MIMO mode.
The MIMO encoder and precoder blocks shall be omitted when the MS has one transmit antenna.

The subcarrier mapping blocks map antenna-specific data to the OFDM symbol. 

4.1.4.1.1. Layer to stream mapping

Layer to stream mapping is performed by the MIMO encoder. The uplink MIMO encoder is identical to the downlink MIMO encoder described in section 15.3.7.1.1. 

4.1.4.1.1.1.  SFBC encoding

Uplink SFBC encoding is identical to the downlink SFBC encoding described in section 15.3.7.1.1.1. 

4.1.4.1.1.2. Vertical encoding

Uplink vertical encoding is identical to the downlink vertical encoding described in section 15.3.7.1.1.2. 

4.1.4.1.2. Stream to antenna mapping
Stream to antenna mapping is performed by the precoder. The uplink mapping is identical to the downlink mapping described in section 15.3.7.1.2. 

4.1.4.1.2.1. Non-adaptive precoding
There is no precoding if there is only one transmit antenna at the MS.
With non-adaptive precoding, the precoder W is predefined and selected from the base codebook. The changes of the precoder W is [TBD]. 

The base codebook is defined in [TBD]. Details of selected codebook are TBD.
4.1.4.1.2.2. Adaptive precoding
There is no precoding if there is only one transmit antenna at the MS.
With adaptive precoding, the precoder W is derived at the BS or at the MS, as instructed by the BS.

With 2Tx or 4Tx at the MS in FDD and TDD systems, unitary codebook based adaptive precoding is supported. In this mode, a MS transmits a sounding signal on the uplink to assist the precoder selection at the BS. The BS shall signal the uplink precoding matrix index to be used by the MS in the UL A-MAP IE.
With 2Tx or 4Tx at the MS in TDD systems, adaptive precoding based on the measurements of downlink reference signals is supported. The MS chooses the precoder based on the downlink measurements. The form and derivation of the precoding matrix does not need to be known at the BS. It is TBD whether the MS will feedback the rank and MCS to assist the uplink scheduling in the BS.
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4.1.4.2. Transmission schemes for data channels
4.1.4.2.1. Uplink MIMO transmission modes
There are five MIMO transmission modes for UL MIMO transmission as listed in Table 5. 

Table 5 Uplink MIMO modes

	Mode index
	Description
	Reference

	Mode 0
	OL SU-MIMO (SFBC with non-adaptive precoder)
	

	Mode 1
	OL SU-MIMO (SM with non-adaptive precoder)
	

	Mode 2
	CL SU-MIMO (SM with adaptive precoder)
	

	Mode 3
	OL Collaborative spatial multiplexing (MU-MIMO)
	

	Mode 4
	CL Collaborative spatial multiplexing (MU-MIMO) 
	

	Mode 5 -7
	n/a
	n/a


4.1.4.2.2. Encoding, precoding and mapping of SU-MIMO

4.1.4.2.2.1. Encoding of MIMO modes

4.1.4.2.2.1.1. MIMO mode 0
SFBC encoding of section 15.3.10.1.1.1 shall be used with MIMO mode 0. 

4.1.4.2.2.1.2. MIMO mode 1
Vertical encoding of section 15.3.10.1.1.2 shall be used with MIMO mode 1. The number of streams is 
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, where Mt is no more than 4. 

4.1.4.2.2.1.3. MIMO mode 2 
Vertical encoding of section 15.3.10.1.1.2 shall be used with MIMO mode 2. The number of streams is 
[image: image129.wmf]min(,)
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, where Mt is no more than 4. 

4.1.4.2.2.2. Precoding of MIMO modes

4.1.4.2.2.2.1. MIMO mode 0 
Non-adaptive precoding with Mt=2 streams of section 15.3.10.1.2.1 shall be used with MIMO mode 0. 

4.1.4.2.2.2.2. MIMO mode 1
Non-adaptive precoding of section 15.3.10.1.2.1 shall be used with MIMO mode 1. 

4.1.4.2.2.2.3. MIMO mode 2
Adaptive precoding of section 15.3.10.1.2.2 shall be used with MIMO mode 2. 

4.1.4.2.3. Encoding, precoding and mapping of Collaborative spatial multiplexing (MU-MIMO)

MSs can perform collaborative spatial multiplexing onto the same RU. In this case, the BS assigns different pilot patterns for each MS.

Encoding of MIMO mode 3
Vertical encoding of section 15.3.10.1.1.2 shall be used with MIMO mode 3. 

Encoding of MIMO mode 4 
Vertical encoding of section 15.3.10.1.1.2 shall be used with MIMO mode 4. 

Precoding of MIMO modes

4.1.4.2.3.1.1. MIMO mode 3 
Non-adaptive precoding of section 15.3.10.1.2.1 shall be used with MIMO mode 3. 

4.1.4.2.3.1.2. MIMO mode 4
Adaptive precoding of section 15.3.10.1.2.2 shall be used with MIMO mode 4. 

4.1.4.2.4. Mapping of data subcarriers

MIMO mode 0

{The example and figure to be added for DRU and reference for DL CRU}

MIMO mode 1 and mode 2

{The example and figure to be added, for DRU and reference DL CRU}
MIMO mode 3 and mode 4

{The example and figure to be added, for DRU and reference DL CRU}
4.1.4.2.5. Mapping of pilot subcarriers

4.1.4.2.6. Usage of MIMO modes
[Description of MIMO mode usage according to the type of permutation, usage of pilots, etc]

The following table shows the permutations supported for each MIMO mode. The definition of tile based DRU, mini-band based CRU, and subband based CRU are in 15.3.5.x. 

Table 6 – Supported permutation for each UL MIMO mode

	Permutation

MIMO 

Mode
	Tile based DRU
	Mini-band based CRU
(diversity allocation)
	Sub-band based CRU
(localized allocation)

	MIMO mode 0
	Yes
	Yes
	Yes

	MIMO mode 1
	Yes (Mt = 1 or 2)
	Yes
	Yes

	MIMO mode 2
	Yes (Mt = 1 or 2)
	Yes
	Yes

	MIMO mode 3
	Yes
	Yes
	Yes

	MIMO mode 4 
	Yes
	Yes
	Yes


[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #18 ~~~~~~~~~~~~~~~~~~~~~~~]

4.1.4.3.   Codebook for closed-loop transmit precoding

4.1.4.3.1.1.1.1. Base codebook for two transmit antennas

4.1.4.3.1.1.1.1.1. SU-MIMO base codebook

4.1.4.3.1.1.1.1.2. MU-MIMO base codebook

4.1.4.3.1.1.1.2. Base codebook for four transmit antennas

4.1.4.3.1.1.1.2.1. SU-MIMO base codebook

4.1.4.3.1.1.1.2.2. MU-MIMO base codebook

4.1.4.4. Transmission schemes for control channels

4.1.5. Multi-BS MIMO
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #19 ~~~~~~~~~~~~~~~~~~~~~~~]

Insert the following sub-section before 15.3.7.2.6.4. (Quantized MIMO feedback for closed-loop transmit precoding)

15.3.x.x.1.  Downlink signaling support of DL-MIMO modes

[Description of DL signaling support of MIMO modes, description of rank and mode adaptation at BS]
[Table x may eventually need to be split into broadcast and unicast parameters, and the parameters are highlighted for further discussion]
Table x – DL MIMO control parameters

	Parameter
	Description
	Value
	Control channel

(IE)
	Notes

	

	
	
	
	
	

	Broadcast Information

	Nt
	Number of transmit antennas at the BS
	0b00: 2

0b01: 4

0b10: 8
	BCH (system information)
	Nt must be known before decoding the DL A-MAP IE 

	SU_CT (TBD)
	SU base codebook type
	
	Broadcast information
	SU base codebook subset indication

	MU_CT (TBD)
	MU base codebook type
	
	Broadcast Information


	MU base codebook subset indication

	BC_ST (TBD)
	Rank-1 base codebook subset indication
	BitMAP

(Same size as rate-1 codebook for each number of transmit antenna) (or another method [TBD])
	Broadcast information 
	Rate-1 codebook element restriction/recommendation information

It shall be ignored if CCE = 0b0

	Unicast Information

	
	
	
	
	

	MEF
	MIMO encoder format
	0b00: SFBC

0b01: Vertical encoding
0b10: Horizontal encoding
0b11: n/a
	A-MAP IE (unicast)
	MIMO encoder format.
[MEF bitfield may not be explicitly indicated in DL A-MAP IE]

	Mt
	Number of streams in transmission
	0b000: 1

0b001: 2

0b010: 3

0b011: 4

0b100: 5

0b101: 6

0b110: 7

0b111: 8
(Mt <= Nt )
	A-MAP IE (unicast)
	Number of streams in the transmission.

When MEF=0b00: Mt =2 

MEF=0b10, Mt <= 4

[Bit-field length is variable, depending on the number of Tx at BS]

	RU allocation (TBD)
	RU [and stream] indicator for the burst of data
	TBD 
	A-MAP IE (unicast)
	Refer to DL control group.

	SI (TBD)
	Index of pilot stream allocation
	0b00: 1

0b01: 2

0b10: 3

0b11: 4
	A-MAP IE (unicast)
	SI shall be indicated if MEF = 0b010
[Bit-field length is variable, depending on the number of Tx at BS]

RU allocation and SI can be merged together depending on other DG’s decision

	
	
	
	
	

	Feedback Allocation IE

	MFM
	MIMO feedback mode
	Refer to Table 5
	Feedback allocation IE (unicast)
	To decide the feedback content and related MS processing

	DLRU (TBD)
	Downlink RU, indicating

which RUs or which type of RU (DRU or miniband-based CRU) to work on for feedback
	TBD (Tree structure, bit map etc)
	Feedback allocation IE (unicast)
	To process CQI (PMI) estimation for the indicated RUs

Refer to other DG

	FT
	MIMO feedback type
	0b00: codebook

0b01: sounding
	Feedback allocation IE (unicast)
	

	CM
	Codebook feedback mode
	0b00: standard

0b01: adaptive

0b10: differential
	Feedback allocation IE (unicast)
	Enabled when FT = 0b00

	CCE(TBD)
	Codebook Coordination Enable
	0b0: Disable 

0b1: Enable
	
	CCE = 0b0: MS finds PMI within whole broadcasted codebook type entry

CCE = 0b1: When MS finds rate-1 PMI, it finds within broadcasted codebook entries indicated by BC_ST, [SU_CT and MU_CT]

	MaxMt (TBD)
	Maximum rank
	0b000:  1

0b001:  2

0b010:  3

0b011:  4

0b100:  5
0b101:  6
0b110:  7

0b111:  8

(TBD)
	Feedback allocation IE (unicast)
	If MFM indicates a SU feedback mode for SM: the maximum rank to be feedback by the MS.

If MFM indicates a MU feedback mode: the maximum number of users scheduled on each RU at the BS.


[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #20 ~~~~~~~~~~~~~~~~~~~~~~~]

 

	

	
	
	

	
	
	
	

	
	
	
	


	
	
	
	

	
	
	
	

	
	
	
	


	
	
	
	


	
	
	
	1. 
2. 



	

	
	
	

	
	
	
	

	
	
	
	


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



	
	
	
	



	
	
	
	



	
	
	
	



	
	
	
	1. 
2. 


	
	
	
	1. 
2. 

	
	
	
	3. 
4. 


[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #21 ~~~~~~~~~~~~~~~~~~~~~~~]

Insert the following sub-section before 15.3.7.2.6.4. (Quantized MIMO feedback for closed-loop transmit precoding)

15.3.x.x.3.  MIMO feedback modes

Each MIMO transmission mode can have one or several kind of MIMO feedback modes. When allocating a feedback channel, the MIMO feedback mode shall be indicated to the MS, and the MS will feedback information accordingly.
The description of MIMO feedback modes and corresponding supported MIMO transmission modes is shown in Table xx. The detailed description of feedback and MS processing are in the following subsections.
Table xx MIMO feedback modes [add separation into PFBCH, SFBCH, MAC Mngt Message]
	MIMO feedback mode
	Description
	Feedback content

(long period feedback)
	Feedback content
(short period feedback)
	Type of RU
	Supported MIMO transmission mode

	MFM 0
	OL SU MIMO STBC/SM (diversity)
	1. MIMO mode [or MEF]
2. Wideband CQI


	n.a.

	Diversity (DRU) 


	MIMO mode 0, and MIMO mode 1 (Mt=2), flexible adaptation between the two modes

	MFM 1
	OL SU MIMO
STBC/SM

(diversity) 
	1. MIMO mode [or MEF]

2. Rank

3. Wideband CQI
	n.a.
	Diversity (Miniband-based CRU)
	MIMO mode 0, and MIMO mode 1 (Mt≥2), flexible adaptation between the two modes

	MFM 2 (TBD)
	OL SU MIMO SM (diversity)
	1. Rank

2. Wideband CQI
	n.a.
	Diversity
(Mini-band based CRU [and DRU*])
	MIMO mode 1
(* DRU may need a time zone for Mt ≠ 2)

	MFM 3
	OL SU MIMO SM (localized)
	1. Wideband Rank

2. Wideband CQI (for MIMO mode 0 in DRU)
3. Subband selection

4. Average CQI over subband selection
	1. Subband CQI (diff wrt average CQI)

	Localized
(Subband or contiguous mini-bands allocation in CRU)
	MIMO mode 1

	MFM 4
	CL SU MIMO (localized)
	1. Wideband Rank

2. Wideband CQI (for MIMO mode 0 in DRU)
3. Subband selection

4. Average CQI over subband selection
5*. Correlation matrix
	1. Subband PMI 
2. Subband CQI (diff wrt average CQI)

	Localized
(Subband or contiguous mini-bands allocation in CRU)
	MIMO mode 2
(* for adaptive codebook feedback mode)

	MFM 5
	CL SU MIMO (diversity)
	1. Wideband CQI (for MIMO mode 2)
2*. Wideband PMI (rank 1)
3*. Correlation matrix
	n.a.
	Diversity
(Mini-band based CRU)
	MIMO mode 2
(* for adaptive codebook feedback mode or wideband beamforming)

	MFM 6
	CL SU MIMO (localized)
	2. Wideband CQI (for MIMO mode 0 in DRU)
3. Wideband PMI (rank 1)
4*. Correlation matrix
	1. Subband CQI (diff wrt average CQI)
	Localized
(Subband or contiguous mini-bands allocation in CRU)
	MIMO mode 2
(* for adaptive codebook feedback mode or wideband beamforming)

	MFM 7
	OL MU MIMO
(localized)
	1. Subband CQI
2. Wideband CQI (for MIMO mode 0 in DRU)
3. Subband Selection
4. Average CQI over subband selection
5*. Stream indicator
	1. Subband CQI (diff wrt average CQI)
2*. (Stream indicator)
	Localized
(Subband or contiguous mini-bands allocation in CRU)
	MIMO mode 3
(* for OL MU MIMO)

	MFM 8
	CL MU MIMO
(localized)
	1.
2. Wideband CQI (for MIMO mode 0 in DRU)
3. Subband selection

4. Average CQI over subband selection

5*. Correlation matrix
	1. Subband PMI 
2. Subband CQI (diff wrt average CQI)


	Localized
(Subband or contiguous mini-bands allocation in CRU)
	MIMO mode 4
(* for adaptive codebook feedback mode)

	MFM 9
	CL MU MIMO
(diversity)
	1. 
2. Wideband CQI (for MIMO mode 0 in DRU)
3. Wideband PMI
4*. Correlation matrix
	n.a.
	Diversity
(Mini-band based CRU)
	MIMO mode 4
(* for adaptive codebook feedback mode or wideband beamforming)

	MFM 6
	CL MU MIMO (localized)
	2. Wideband CQI (for MIMO mode 0 in DRU)
3. Wideband PMI
4*. Correlation matrix
	1. Subband CQI (diff wrt average CQI)
	Localized
(Subband or contiguous mini-bands allocation in CRU)
	MIMO mode 2
(* for adaptive codebook feedback mode or wideband beamforming)


15.3.x.x.3.1  MIMO feedback 0

{to describe what MS to do for feedback and the feedback content/format}

15.3.x.x.3.2.  MIMO feedback 1

{to describe what MS to do for feedback and the feedback content/format}

15.3.x.x.3.3.  MIMO feedback 2

{to describe what MS to do for feedback and the feedback content/format}

15.3.x.x.3.4.  MIMO feedback 3

{to describe what MS to do for feedback and the feedback content/format}

15.3.x.x.3.5.  MIMO feedback 4

{to describe what MS to do for feedback and the feedback content/format}

15.3.x.x.3.6.  MIMO feedback 5

{to describe what MS to do for feedback and the feedback content/format}

15.3.x.x.3.7.  MIMO feedback 6

{to describe what MS to do for feedback and the feedback content/format}

15.3.x.x.3.7.  MIMO feedback 7

{to describe what MS to do for feedback and the feedback content/format}

15.3.x.x.3.7.  MIMO feedback 8

{to describe what MS to do for feedback and the feedback content/format}

15.3.x.x.3.7.  MIMO feedback 9

{to describe what MS to do for feedback and the feedback content/format}

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #22 ~~~~~~~~~~~~~~~~~~~~~~~]

15.3.x.x.y.  Downlink signaling support of UL-MIMO modes


15.3.x.x.y.1.  Broadcast information

The BS shall send parameters listed in Table 7, which are necessary for MIMO operation, in a control channel with a broadcast CID. The parameters may be transmitted depending on the type of operation. 


	
	
	
	

	
	
	
	

	
	
	
	


15.3.x.x.y.2.  Unicast information

The BS shall send parameters listed in Table yy, which are necessary for MIMO operation, by unicast in a control channel to a specific MS. The parameters may be transmitted depending on the type of operation. 

Table yy - Unicast information for UL MIMO operation 
	Parameter
	Description
	Value
	Control channel

(IE)
	Notes

	MEF
	MIMO Encoding Format
	0b00: SFBC

0b01: Vertical encoding
0b10: CSM 

0b11: No encoding [One TX antenna MS]


	A-MAP IE (unicast)
	MIMO encoder format
[MEF bit-field may not be explicitly indicated in DL A-MAP IE]

	Mt
	Number of streams 
	0b00: 1

0b01: 2

0b10: 3

0b11: 4
(Mt <= Nt )
	A-MAP IE (unicast)
	Number of streams in the MS transmission.



	RU allocation (TBD)
	LRU allocation
	TBD 
	A-MAP IE (unicast)
	Refer to DL control group



	MaxMt
	Total number of streams in the LRU
	0b00: 1

0b01: 2

0b10: 3

0b11: 4
	A-MAP IE (unicast)
	Enabled when MEF=0b10 indicates the total number of streams in the LRU



	SI (TBD)
	First pilot index 
	TBD
	A-MAP IE (unicast)
	Enabled when MEF =0b10 
1 bit for 2Tx, 2 bit for 4Tx

	PF
	Precoding flag
	0b0: non adaptive precoding

0b1: adaptive codebook precoding 
	A-MAP IE (unicast)
	Disabled when MEF=0b11

	PMI
	Precoding matrix index
	TBD
	A-MAP IE (unicast)
	Enabled when PF = 0b1

[Bit-field length is variable, depending on the number of code matrices]


-------------------------------  Text End  ---------------------------------------------------[image: image130.png]
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