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Proposed Text of DL MIMO Transmission Scheme Section for the IEEE 802.16m Amendment 

Guangjie Li, Qinghua Li, Hongming Zheng, Yang-seok Choi, Senjie Zhang, 

Shanshan Zheng, Feng Zhou, Ayelet Doron, Tolis Papathanassiou, Minnie Ho, Yuval Lomnitz 
Intel Corporation
1. Overview

This contribution proposes text for the DL-MIMO transmission schemes of the P802.16m Amendment draft working document, based on the proposals outlined in the TGm SDD. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D8 [1], it is compliant with 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 11.9 of the IEEE 802.16m SDD [3]. The modifications to the SDD text are summarized below:

· Antenna configuration is changed it to only define the transmit antenna configuration

· Add the notiation of  x to be the MIMO output data stream

· Change the precoding matrix notation from P to W.

· Delete the empty “Pilots” section
· Add “Uplink feedback signaling for MIMO operation” section.
· Add MIMO mode description and related parameters
· Re-classify the OL SU-MIMO to SFBC+precoding and SM/rank-1 + precoding. 
· Remove DSFBC/AH in OL SU-MIMO
· SCW and MCW are replaced by vertical encoding and horizontal encoding respectively.
· Number of stream: NS to Mt
· Input symbol to MIMO encoder: x to s

· Output symbol of the MIMO encoder: z to x
· Output of the precoding block: y to z
· Delete the common pilot related description

· Add precoder to 2x2 SFBC

3. References
[1] IEEE P802.16 Rev2/D8, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.

[2] IEEE 802.16m-07/002r6, “802.16m System Requirements” 
[3] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document”
[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”

4. Proposed Text

----------------------------------------------------------------------------

[Please adopt the following text as indicated in the respective sections]

3. Definitions

[Add the following definitions:]

3.xxx: Resource Unit (RU): A granular unit in frequency and time, described by the number of OFDMA subcarriers and OFDMA symbols.

3.xxx: Single User MIMO (SU-MIMO): A MIMO transmission scheme in which a single MS is scheduled in one RU. 

3.xxx: Multi-User MIMO (MU-MIMO): A MIMO transmission scheme in which multiple MSs are scheduled in one RU, by virtue of spatial separation of the transmitted signals.

3.xxx: Layer: Information path fed to the MIMO encoder as an input
3.xxx: Stream: Information path encoded by the MIMO encoder that is passed to the beamformer/precoder

3.xxx: Rank: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for a user allocated to an RU
3.xxx: CSI: Channel state information

3.xxx: PMI: Precoding matrix indicator
4. Abbreviations and acronyms

[Add the following abbreviations in the αbetical sequence:]

RU

Resource Unit

SU-MIMO 
Single User Multiple Input Multiple Output

MU-MIMO    Multi-User Multiple Input Multiple Output
15 Advanced Air Interface 

15.3 Physical layer 
15.3.9 DL MIMO Transmission Scheme

15.3.9.1 DL MIMO Architecture and Data Processing

The architecture of downlink MIMO at the transmitter side is shown in 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.  
If vertical encoding is utilized, there is only one encoder block (one layer). If horizontal encoding is utilized, there are multiple encoders (multiple layers). 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 beamformer / precoder.


[image: image1]
Figure 1 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 Mt (≥L) streams, which are fed to the Beamformer/Precoder block.  For SU MIMO, only one MIMO encoder exists at each resource block (vertical encoding at transmit side), and for MU MIMO, multiple MIMO encoders exist at each resource block (horizontal encoding at transmit side)

The Beamformer/Precoder block maps stream(s) to antennas by generating the antenna-specific data symbols according to the selected MIMO mode. 

The OFDMA 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 users to RUs and is responsible for making a number of decisions with regards to each resource allocation.
15.3.9.2 Antenna Configuration

The ABS employs a minimum of two transmit antennas. The AMS employs a minimum of two receive antennas. The transmit antenna configurations are Nt = 2, 4 or 8, where Nt denotes the number of ABS transmit antennas. 
15.3.9.3 MIMO mode

Several kinds of MIMO modes are supported and listed in the following table.

Table 1 MIMO modes

	Mode index  (3 bits)
	Description
	reference

	Mode 0 (0b000)
	OL SU-MIMO (SFBC+precoding)
	15.3.9.7.1.1

	Mode 1 (0b001)
	OL SU-MIMO (SM/rank1+precoding)
	15.3.9.7.1.2

	Mode 2 (0b010)
	OL MU-MIMO 
	15.3.9.8.2

	Mode 3 (0b011)
	CL SU-MIMO
	15.3.9.7.2

	Mode 4 (0b100)
	CL MU-MIMO
	15.3.9.8.3

	Mode 5 -7
	n/a
	n/a


15.3.9.4 Layer to Stream Mapping

The layer to stream mapping maps the data layer(s) into streams, which depends on the MIMO scheme used.

The mapping equation is
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where x is the output of the MIMO encoder,S(s) is an STC matrix, and s is the input layer vector. 

For open-loop SU-MIMO and closed-loop SU-MIMO, the number of streams is
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, where Mt is no more than 8. For open-loop transmit diversity modes, Mt 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, vertical encoding is employed, and for MU-MIMO, horizontal encoding is employed at the ABS while only one stream is transmitted to each AMS.

15.3.9.5 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 z is the output of the precoder/beamformer, W is a pre-coding matrix, and x is the input layer vector. 
15.3.9.6 Resource mapping

The permutation for MIMO mode operation is supported in either distributed or localized resource mapping.

The scheduler block in ABS decides whether distributed or localized resource mapping is used according to MIMO mode, system information, user feedback, etc.

The permutation for MIMO modes are listed in the following table and the definition of Tone-based DRU, PRU-based DRU and CRU are in 15.9.x.x

Table 2 Permutation for MIMO modes

	Permutation    MIMO Mode
	Tone-based DRU
	PRU-based DRU
	CRU

	Mode 0 OL SU-MIMO

(SFBC+precoding)
	yes
	yes
	yes

	Mode 1 OL SU-MIMO

(SM/rank1+precoding)
	yes
	yes
	yes

	Mode 2 OL MU-MIMO
	No
	yes
	yes

	Mode 3 CL SU-MIMO
	No
	yes
	yes

	Mode 4 CL MU-MIMO
	No
	yes
	yes

	Mode 5 -7
	n/a
	n/a
	n/a


15.3.9.7 Single-user MIMO Data Transmission

Both OL SU-MIMO and CL SU-MIMO are supported.

For OL SU-MIMO, both SFBC+precoder (MIMO mode 0) and spatial multiplexing/rank-1 (MIMO mode 1) are supported.

For CL SU-MIMO (MIMO mode 3), codebook-based precoding is supported for both TDD and FDD systems. 

As described in Section 15.3.9.1, the overall structure of the SU-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 the 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 Mt ( NF MIMO STC matrix x = S(s), which serves as the input to the precoder. Mt is the number of streams.
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The output of the MIMO encoder is multiplied by the Nt ( Mt precoder, W. The output of the precoder is denoted by a matrix the NT ( NF matrix
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where zj,k is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier. 

note that NF is the number of subcarriers used to transmit the MIMO signals derived from the input vector x. For OL SU-MIMO, the rate
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. For OL SU-MIMO SM/rank-1 + precoding (MIMO mode 1) and CLSU-MMO (MIMO mode 3), NF = 1, and R=M
15.3.9.7.1 Open-loop SU-MIMO (MIMO mode 0 and 1)
OL SU MIMO is classified into two modes:
· MIMO mode 0: SFBC + precoder

· MIMO mode 1: SM/rank-1 + precoder
The difference between the two modes is the MIMO encoder part, and both modes will be precoded by precoding matrix W, which is an Nt ( Mt matrix. W is defined in Section 15.3.9.7.1.3
The pilots shall be precoded with the same precoder W.
15.3.9.7.1.1 SFBC + precoder (MIMO mode 0)
In this mode, the input to the MIMO encoder is represented a M × 1 (M = 2) vector. 
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The MIMO encoder generates the SFBC matrix.


[image: image10.wmf]ú

û

ù

ê

ë

é

-

=

*

1

2

*

2

1

s

s

s

s

x

, Equation 7
Then the output of the MIMO encoder is multiplied by the Nt ×Mt matrix W (Mt = 2), where W is described in Section 15.3.9.7.1.3.
In parameters of the mode are
Table 3 Parameters of MIMO mode 0

	Parameters
	Description
	Value

	Nt
	Number of transmit antenna
	0b00:  2

0b01:  4

0b10:  8

0b11:  n/a


15.3.9.7.1.2 SM/rank-1 + precoder (MIMO mode 1)
In the mode, the input and the output of MIMO encoder is represented by the R ( 1 vector
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In spatial multiplex mode, the rate R equals to M and Mt, , and R = 1,2,3,4,5,6,7,8.
The output of the MIMO encoder is multiplied by the Nt × R (Nt ×Mt ) matrix W where W is described in Section 15.3.9.7.1.3.
In parameters of the mode are

Table 4 Parameters of MIMO mode 1

	Parameters
	Description
	Value

	Nt
	Number of transmit antenna
	0b00:  2

0b01:  4

0b10:  8

0b11:  n/a

	MaxMt
	Maximum number of stream supported
	0b000:  1

0b001:  2

0b010:  3

0b011:  4

0b100:  5

0b101:  6

0b110:  7

0b111:  8




15.3.9.7.1.3 OL SU-MIMO Precoding Matrix
W is selected from the base codebook (or its subset). The base codebook is defined in Section 15.3.9.10.4.1. The definition of the subset is TBD. 

The W matrix is fixed over time.

The base codebook V(Nt Nt, NB) (or its subset) is used for OL SU-MIMO, which is the highest rank of the codebook (Nt Tx antennas and Nt rank) and NB is the number of codebook bits, which is TBD.

W is selected from the first Mt column of the base codebook (or its subset) to construct the Nt ×Mt codebook set, Vs.

W cyclically changes with the index of the subbands in the allocation. A subband consists of Nx contiguous PRUs. (Nx is TBD). 
W starts with the first index of codebook set Vs, and incrementally (cyclically) changes the index of codebook set Vs for the subands. Within one subband, the W is the same for all subcarriers.

The equation for W at the k-th subband in an allocation is 
W(k) = Vs(i), i = ( k-1 mod Nc) + 1.  k=1,2,3,4..,
Nc is the size of codebook set (number of precoding matrix within the set), and i is the index of matrix within Vs.

The used codebook set Vs shall be signaled to the AMS for the channel quality estimation when the midamble is used for channel measurement. 

15.3.9.7.2 Closed-loop SU-MIMO (MIMO mode 3)
In both FDD and TDD systems, unitary codebook-based precoding is supported. 

In TDD systems, sounding based precoding is supported. 

In CL SU-MIMO mode, M is equal to STC rate R and the number of stream Mt. 

The input and the output of MIMO encoder is represented by an R ( 1 vector
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The output of the MIMO encoder is multiplied by a precoder, the Nt × R (Nt ×Mt ) matrix W. The precoder W is derived from the feedback of the AMS.

The precoding matrix is derived from the CSI feedback of AMS including codebook feedback or sounding feedback.

For codebook-based precoding (codebook feedback), there are 3 modes: Base mode, adaptive mode and differential mode, which is described in 15.3.9.10.3
For TDD sounding based precoding, the value of W is derived from the MS sounding feedback. The sounding channel is defined in 15.x.x.x

The pilots shall be precoded with the same precoder W.

In parameters of the mode are

Table 5 Parameters of MIMO mode 3
	Parameters
	Description
	Value

	Nt
	Number of transmit antenna
	0b00:  2

0b01:  4

0b10:  8

0b11:  n/a

	MaxMt
	Maximum number of stream supported
	0b000:  1

0b001:  2

0b010:  3

0b011:  4

0b100:  5

0b101:  6

0b110:  7

0b111:  8



	FM
	Mode of feedback
	0b0 codebook feedback

0b1 sounding feedback

	CT
	Codebook type
	0b00 3 bits

0b01 4 bits

0b10 6 bits

0b11 n/a

	CM
	Mode of codebook-based precoding
	0b00 base mode

0b01 adaptive mode

0b10 deferential mode

0b11 n/a


15.3.9.8 Multi-user MIMO (MIMO mode 2 and 4)
Multi-user MIMO schemes are used to enable a resource allocation to communicate data to two or more AMSs. 
Multi-user transmission with one stream per user is supported for MU-MIMO. MU-MIMO includes the MIMO configuration of 2 Tx antennas to support up to 2 users, and 4 Tx or 8 Tx antennas to support up to 4 users.

Both OL MU-MIMO and CL MU-MIMO are supported.

15.3.9.8.1 Precoding technique

Up to four AMSs can be assigned to one resource allocation.
The source data s from M AMSs are multiplexed at the MIMO encoder according to
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where si is the i-th input symbol, and it corresponds to the i-th AMS data in the resource unit. 
The output of the MIMO encoder is multiplied by a Nt × M (Nt ×Mt ) precoder W. In the mode, M=Mt.
For OL MU-MIMO, the precoding matrix is a predefined unitary matrix and fixed over time.

For CL MU-MIMO, the precoding matrix is derived from the feedback of the AMSs by codebook-based or sounding-based feedback.

For codebook-based precoding, the AMS feeds back the index of the codebook (and the index of the corresponding column), and the ABS derives W according to the feedback. Both ABS and AMS shall use the same codebook for correct operation. The codebook is defined in Section 15.3.9.10.4.
For codebook-based precoding, there are 3 modes: base mode, adaptive mode and differential mode. The definition of the 3 mode are defined in Section 15.3.9.10.3.
For TDD sounding-based precoding, W is derived from the MS sounding feedback. 
The pilots shall be precoded with the same precoder W. 
15.3.9.8.2 OL MU-MIMO (MIMO mode 2)
W is Nt × M matrix for each subcarriers. The matrix W is a predefined unitary codebook selected from the codebook defined in Section 15.3.9.10.4, and changes with every subband. 

W is selected from the based codebook V(Nt, MaxMt , NB) (or its subset). The base codebook is defined in Section 15.3.9.10.4.1. The definition of subset is TBD. MaxMt is the maximum number of stream that supported.
Define the based codebook V(Nt, MaxMt , NB) (or its subset) to be Vs
W cyclically changes with the index of the subbands in the allocation. A subband consists of Nx contiguous PRUs. (Nx is TBD). 

W starts with the first index of the codebook set Vs, and incrementally (cyclically) changes the index of the codebook set Vs for subands. Within one subband, W is the same for all subcarriers.

The equation for W at the k-th subband in an allocation is 
W(k) = Vs(i), i = ( k-1 mod Nc) + 1.  k=1,2,3,4.., 
Nc is the size of codebook set (number of precoding matrices within the set), and i is the index of a matrix within Vs.

The AMS feedbacks the CQI of the index of preferred streams in the subbands. In one subband, there are MaxMt streams in the estimation of CQI.
The ABS will assign the AMS to RUs according to the CQI information, and use the predefined matrix W for transmission. 

The used codebook set Vs shall be signaled to AMS for the channel quality estimation when midamble is used for channel measurement. 

In parameters of the mode are
Table 6 Parameters of MIMO mode 2

	Parameters
	Description
	Value

	Nt
	Number of transmit antenna
	0b00:  2

0b01:  4

0b10:  8

0b11:  n/a

	MaxMt
	Maximum number of stream supported
	0b000:  1

0b001:  2

0b010:  3

0b011:  4

0b100:  5

0b101:  6

0b110:  7

0b111:  8




15.3.9.8.3 CL MU-MIMO (MIMO mode 4)
W is Nt × M matrix for each subcarriers.

For codebook-based precoding, W shall be derived from the codebook index feedback from multiple AMSs. 

CL MU-MIMO uses the rank 1 codebook V(Nt,1, NB) for both AMS and ABS, and each AMS feedbacks the index of the preferred vector in a certain subband and the corresponding CQI.

When ABS pairs multiple AMSs in a subband, it shall construct the initial precoding matrix Wp.
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 is the preferred vector from i-th AMS.

The orthogonality property of the columns of 
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 shall be checked by the ABS. 

If the columns are orthogonal to each other, the precoding matrix W = 
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 and the feedbacked CQI is used for MCS estimation. 

If the columns are not orthogonal to each other, the zero-forcing method is employed, and the CQI shall be adjusted according to the output of zero-forcing. The processing is as follows.

1) Zero-forcing of the combined matrix 
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2) normalize the output of zero-forcing, and obtain the precoding matrix with normalized transmission power
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 where 
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 is the size of row and column of matrix X respectively.

3) Adjust the CQIs from the information of the precoding weight and feedbacked codebook pairs according to
,
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where 
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 is the derived from the CQI feedback of the i-th AMS, and 
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 is the adjusted CQI after zero-forcing. 

The CQI used in the zero-forcing adjustment shall be based on linear post effective-CINR value derived from the feedback of CQI, which is defined in Section 15.3.9.10.2.1
The precoding matrix
[image: image27.wmf]W

and the adjusted CQI are used for transmission and MCS estimation.
For TDD sounding based precoding, W is derived from sounding feedback of multiple AMS.
In parameters of the mode are

Table 7 Parameters of MIMO mode 4
	Parameters
	Description
	Value

	Nt
	Number of transmit antenna
	0b00:  2

0b01:  4

0b10:  8

0b11:  n/a

	MaxMt
	Maximum number of stream supported
	0b000:  1

0b001:  2

0b010:  3

0b011:  4

0b100:  5

0b101:  6

0b110:  7

0b111:  8



	FM
	Mode of feedback
	0b0 codebook feedback

0b1 sounding feedback

	CT
	Codebook type
	0b00 3 bits

0b01 4 bits

0b10 6 bits

0b11 n/a

	CM
	Mode of codebook-based precoding
	0b00 base mode

0b01 adaptive mode

0b10 deferential mode

0b11 n/a


15.3.9.8.4 CQI adjustment for non-full user transmission.

In Section 15.3.9.11.2.4, CQI estimation for CL MU-MIMO is based on the multi-user unitary precoding. If the CQI/PMI feedback is missing in a certain subchannel, non-full user transmission will be used, in which scenario the CQI shall be adjusted to avoid the mismatch according to the following formula
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where 
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 is number of paired users in one subband, and 
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 is the maximum number of users in one subband. CQI measurement at the AMS side assumes 
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15.3.9.8.5 Unification with SU-MIMO

For both OL and CL MU MIMO, if the ABS cannot pair two or more AMSs in one RU because of the absence of CQI feedback, SU-MIMO shall be used based on the same feedback (rank 1 SU CL-MIMO), and the CQI shall be adjusted because there is no inter-user cross interference in this case (
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N

=1). This is considered as a special case of MU MIMO.

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

15.3.9.9 DL Signaling support for DL MIMO 
In order to support DL MIMO operation, information shall be signaled from ABS to AMS.
15.3.9.9.1 Broadcast information
Table 8 Broadcasted DL MIMO parameters
	Parameters
	Description
	Value

	Nt
	Number of transmit antenna
	0b00:  2

0b01:  4

0b10:  8

0b11:  n/a

	Codebook/Subset index
	For the operation of OL SU-MIMO and OL MU-MIMO
	TBD


15.3.9.9.2 Unicast information
Table 9 Unicasted DL MIMO parameter 

	Parameters
	Description
	Value

	MaxMt
	Maximum number of stream supported
	0b000:  1

0b001:  2

0b010:  3

0b011:  4

0b100:  5

0b101:  6

0b110:  7

0b111:  8



	FM (MIMO mode 3,4)
	Mode of feedback
	0b0 codebook feedback

0b1 sounding feedback

	CT (MIMO mode 3,4)
	Codebook type
	0b00 3 bits

0b01 4 bits

0b10 6 bits

0b11 n/a

	CM (MIMO mode 3,4)
	Mode of codebook-based precoding
	0b00 base mode

0b01 adaptive mode

0b10 deferential mode

0b11 n/a


15.3.9.10 UL Signaling support for DL MIMO 
The uplink feedback for DL MIMO operation includes rank, CQI, CSI, etc. 

The feedback information is estimated based on the effective channel which is obtained by HW, H is the estimated channel state information, and W is the precoding matrix used to transmission. 
For OL SU-MIMO and OL MU-MIMO, the effective channel shall be estimated by either dedicated pilot or midamble.

For CL SU-MIMO and CL MU-MIMO, the effective channel is estimated by midamble.

15.3.9.10.1 Long-term feedback
Rank, sub-band selection and long-term CSI are long-term feedback, which are feedbacked every multiple frames.
15.3.9.10.1.1 Rank
In both OL SU-MIMO and CL SU-MIMO (MIMO mode 1, 3), rank information shall be feedbacked from the AMS to the ABS every Nx frames. Nx is TBD.
The number of feedback bits for rank adaptation is ceil(log2(MaxMt)).

The ABS shall adjust the precoding matrix W according to the feedback of the rank information.

OL SU-MIMO mode 0 and MU MIMO (mode 2 and mode 4) don’t require the feedback of rank. Those modes always assume rank to be 1 for operation.

The rank feedback is carried by the primary CQICH or the secondary CQICH.

In OL and CL SU-MIMO, AMS measures the CQI with all the supported rank every Nx frame (Nx is TBD), and decide which rank is preferred.

15.3.9.10.1.2 Sub-band selection
When frequency selective scheduling is enabled, the AMS shall feedback the index of the best M preferred sub-bands/streams. M is TBD.

The feedback bits for sub-band selection is ceil(log2(nchoosek(N,M))), where N is the number of total subbands.
Subband selection is coded by combinational index. The detail is TBD.
Sub-band selection is carried by the secondary CQICH.

15.3.9.10.1.3 Long-term CSI feedback
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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 transmit covariance matrix. The correlated channel matrix is 
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 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 

[image: image43.wmf])

2

*

*

exp(

*

p

b

j

a

q

=

  Equation 19
a=[0.6 0.9] and b=0 for diagonal entries

	Diagonal Entries
	a
	b
	q
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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.

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

15.3.9.10.2 Short-term feedback

Codebook feedback (PMI feedback) and CQI feedback are short-term feedback, which are feedbacked every 1 frame.
15.3.9.10.2.1 CQI feedback

The CQI is the post effective CINR indicating the quality after MIMO decoder, and is receiver dependent.
The CQI is measured based on the effective channel according to channel H and the precoding vector W.
The reported channel quality indicator has two types: wideband CQI, subband CQI.
15.3.9.10.2.1.1 Wideband CQI

The wideband CQI (
[image: image62.wmf]W

CQI

) is one average CQI over whole band, and it shall be carried by primary CQICH or secondary CQICH. 
The estimated post effective CINR for wideband CQI shall be quantized to 4 bits, corresponding to one of the 16 levels of MCS.
The numbering/quantization of CQI is listed in table 

Table 10 CQI level

	CQI value for feedback
	Corresponding MCS level

	0x0
	QPSK 1/6

	0x1
	TBD

	0x2
	TBD

	0x3
	TBD

	0x4
	TBD

	0x5
	TBD

	0x6
	TBD

	0x7
	TBD

	0x8
	TBD

	0x9
	TBD

	0xA
	TBD

	0xB
	TBD

	0xC
	TBD

	0xD
	TBD

	0xE
	TBD

	0xF
	TBD


15.3.9.10.2.1.2 Subband CQI

Subband CQI works with subband selection to enable the frequency selective scheduling, and AMS reports the CQI of the best M subbands/streams. In most case, the values of subband CQI is larger than wideband CQI. The differential method is used to reduce the overhead of feedback for subband CQI.

For OL SU-MIMO (SFBC+precoding MIMO mode 1) and CL SU-MIMO (MIMO mode 3), the AMS reports the CQI of the preferred subbands. 
There is one CQI report for one subband. 
For OL and CL MU-MIMO (MIMO mode 2 and mode 4), AMS reports the CQI of the preferred layers in subbands.
The processing of subband CQI for CL MU-MIMO is defined in Section 15.3.9.11.2.
Subband CQI utilizes the differential value over wideband CQI to reduce the overhead, and the number of bits is 2 for each subband CQI.  

The subband CQI is calculated by 
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 is the wideband CQI without quantization in the unit of dB, and 
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 is the estimated subband CQI of  i-th subband.

The differential value 
[image: image66.wmf]i

CQI

 is quantized to 2 bits as listed in the table.
Table 11 Differential CQI quantization

	Subband CQI value for feedback
	Corresponding differential valued (dB)

	0x0
	TBD

	0x1
	TBD

	0x2
	TBD

	0x3
	TBD


ABS shall reconstruct the value of subband CQI based on the feedback of wideband CQI and the differential CQI.
The sub-band per layer CQI is feedbacked together with sub-band selection and carried by the secondary CQICH

15.3.9.10.2.2 PMI feedback 
MIMO mode 3 and mode 4 are closed-loop MIMO, which require the CSI feedback for precoding.

PMI is the quantized CSI for codebook-based precoding.
PMI is the index from the codebook (base codebook, transformed codebook or differential codebook). 

There is one PMI for one subband. The number of PMI feedback bits depends on the codebook size.

There are three modes for codebook-based precoding: base mode, adaptive mode and differential mode. The three modes are defined in Section 15.3.9.10.3.
The codebooks are defined in Section 15.3.9.10.4.

15.3.9.10.3 Modes of codebook-base precoding

15.3.9.10.3.1 Base mode
In the base mode, based on the channel information, AMS compares all the entry of the codebook and selects the best entry of the base codebook in terms of maximized capacity or throughput.

AMS feedbacks the index of the precoding codeword, and the ABS computes the W according to the index. Both ABS and AMS use the same codebook for correct operation. 
The base codebook is defined in Section 15.3.9.10.4.1.
15.3.9.10.3.2 Adaptive mode
In adaptive mode, both ABS and AMS transform the base codebook to a transformed codebook using the correlation matrix. The transformation if of the form
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 are the i-th codeword of the original codebook and the transformed codebook, respectively; 
[image: image70.wmf](

)

X

orth

 converts the input matrix (or vector) 
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 to an orthogonal matrix with orthogonal column(s) that span the same subspace as the columns of 
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, and 
[image: image73.wmf]R

 is the Nt × Nt transmit correlation matrix. The correlation matrix 
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 contains the averaged directions for precoding. 

After obtaining the transformed codebook, both AMS and ABS shall use the transformed codebook for the feedback and precoding process.

The measurement and feedback of 
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 is defined in Section 15.3.9.10.1.3.

15.3.9.10.3.3 Differential mode (optional)
In the differential mode, an initial step and tracking steps comprise one period and the differential mode runs for multiple periods. 

In the initial step, the base or transformed codebook shall be used for AMS feedback and ABS precoding. In the tracking steps, the AMS shall send a differential feedback index for 
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where 
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For 
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, the beamforming feedback shall be for the norm vector of the subspace spanned by the ideal beamforming matrix. 
15.3.9.10.4 Codebook

The notation V(Nt, Mt, NB) denotes the codebook, which consists of 2^( NB) complex, unit matrix/vectors of a dimension Nt, and Mt denotes the number of streams. The integer NB is the number of bits required for the index that can indicate any matrix/vector in the codebook.
The k-th column vector of the n-th entry of base codebook is written as
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The scaling factors 
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15.3.9.10.4.1 Base codebook

The n-th entry from k-th column of base codebook is represented by α(k), β(k) and v(k,:) =  
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15.3.9.10.4.1.1 Base codebook for 2Tx antenna (3 bits)
15.3.9.10.4.1.1.1 Rate 1,  V[2 1 3]
Table 12 Base codebook V[2 1 3]
	Index
	Value

	V(:,:,1)
	α = 0.7071; β = 0;

	
	v = [1.0000,  1.0000];

	V(:,:,2)
	α= 0.7071; β= 0.7071;

	
	v = [1.0000,  0+1.0000j];

	V(:,:,3)
	α= 0.2412;  β = 0.4938;

	
	v = [-3.0000 ,  2.0000-1.0000i];

	V(:,:,4)
	α = 0.6619;  β = 0.3516;

	
	v = [-1.0000,  -1.0000+1.0000i];

	V(:,:,5)
	α = 0.2342;  β = 0.5355;

	
	v = [-3.0000,  2.0000+1.0000i];

	V(:,:,6)
	α= 0.1768;  β = 0.6843;

	
	v = [-4.0000,  -1.0000+1.0000i];

	V(:,:,7)
	α= 0.7069;  β = 0.0245;

	
	v = [-1.0000,  1.0000+1.0000i];

	V(:,:,8)
	α = 0.2378;  β = 0.5147;

	
	v = [-3.0000,  -2.0000-1.0000i];


15.3.9.10.4.1.1.2 Rate 2,  V[2 2 3]
The rate 2 of 3bits 2x2 codebook is derived from V[2,1,3]. The operation of 
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  Equation 30
where
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 is the vector from V[2,1,3]
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The rate 2 codebook 
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15.3.9.10.4.1.2 Base codebook for 4Tx antenna 

15.3.9.10.4.1.2.1 4 bits 

15.3.9.10.4.1.2.1.1 Rate 1, V[4 1 4]
Table 13 4 Base codebook V[4 1 4] 

	Index
	Value

	V(:,:,1)
	α = [0.5000];  β = [0.0000];

	
	v = [1.0000,  1.0000,  1.0000,  1.0000];

	V(:,:,2)
	α= [0.5000];  β = [0.5000];

	
	v = [1.0000,  0.0000-1.0000i,  -1.0000,  0.0000-1.0000i];

	V(:,:,3)
	α = [0.5000];  β = [0.0000];

	
	v = [1.0000,  -1.0000,  1.0000,  -1.0000];

	V(:,:,4)
	α = [0.5000];  β = [0.5000];

	
	v = [1.0000,  0.0000+1.0000i,  -1.0000,  0.0000-1.0000i];

	V(:,:,5)
	α = [0.2858];  β = [0.0396];

	
	v = [-1.0000,  -3.0000-7.0000i,  1.0000,  0.0000+4.0000i];

	V(:,:,6)
	α= [0.2344];  β = [0.0967];

	
	v = [-2.0000,  0.0000+5.0000i,  2.0000-2.0000i,  -1.0000-5.0000i];

	V(:,:,7)
	α= [0.0392];  β = [0.0909];

	
	v = [-12.0000,  -12.0000+2.0000i,  -8.0000+5.0000i,  -3.0000+5.0000i];

	V(:,:,8)
	α = [0.0242];  β = [0.2547];

	
	v = [-21.0000,  -14.0000-1.0000i,  -6.0000-2.0000i,  6.0000-2.0000i];

	V(:,:,9)
	α = [0.1735];  β= [0.0375];

	
	v = [-1.0000,  0.0000-4.0000i,  2.0000+7.0000i,  4.0000+14.0000i];

	V(:,:,10)
	α= [0.0837];  β= [0.1835];

	
	v = [-6.0000,  4.0000-2.0000i,  0.0000+3.0000i,  -3.0000-2.0000i];

	V(:,:,11)
	α= [0.0435];  β = [0.1409];

	
	v = [-21.0000,  7.0000-1.0000i,  3.0000,  3.0000+1.0000i];

	V(:,:,12)
	α= [0.1851];  β= [0.0790];

	
	v = [-1.0000,  -3.0000,  -3.0000+3.0000i,  2.0000-5.0000i];

	V(:,:,13)
	α= [0.5626];  β= [0.0832];

	
	v = [-1.0000,  0.0000+7.0000i,  -1.0000,  0.0000+2.0000i];

	V(:,:,14)
	α= [0.0046];  β = [0.1659];

	
	v = [-105.0000,  70.0000+2.0000i,  -42.0000-3.0000i,  -30.0000+3.0000i];

	V(:,:,15)
	α = [0.0225];  β = [0.1411];

	
	v = [-21.0000,  21.0000-2.0000i,  6.0000-3.0000i,  -14.0000-3.0000i];

	V(:,:,16)
	α = [0.2537];  β= [0.1039];

	
	v = [-2.0000,  -1.0000+4.0000i,  1.0000+4.0000i,  2.0000-1.0000i];


15.3.9.10.4.1.2.1.2 Rate 2, V[4 2 4]
Table 14 Base codebook V[4 2 4]
	Index
	Value

	V(:,:,1)
	α= [0.5000,  0.5000];  β = [0.0000,  0.0000];

	
	v = [1.0000,  1.0000,  1.0000,  1.0000;

  -1.0000,  -1.0000,  1.0000,  1.0000];

	V(:,:,2)
	α = [0.5000,  0.5000];  β= [0.5000,  0.5000];

	
	v = [1.0000,  0.0000+1.0000i,  1.0000,  0.0000+1.0000i;

  -1.0000,  0.0000-1.0000i,  1.0000,  0.0000+1.0000i];

	V(:,:,3)


	α = [0.5000,  0.5000];  β = [0.0000,  0.5000];

	
	v = [1.0000,  1.0000,  1.0000,  1.0000;

  -1.0000,  0.0000-1.0000i,  1.0000,  0.0000+1.0000i];

	V(:,:,4)


	α = [0.5000,  0.5000];  β= [0.5000,  0.0000];

	
	v = [1.0000,  0.0000+1.0000i,  1.0000,  0.0000+1.0000i;

  -1.0000,  -1.0000,  1.0000,  1.0000];

	V(:,:,5)
	α= [0.0426,  0.0214];  β = [0.0858,  0.1054];

	
	v = [-8.0000,  8.0000+2.0000i,  -3.0000+7.0000i,  0.0000+7.0000i;

  28.0000,  -7.0000,  8.0000-2.0000i,  0.0000+7.0000i];

	V(:,:,6)


	α = [0.0965,  0.0682];  β = [0.2640,  0.0508];

	
	v = [-3.0000,  6.0000+2.0000i,  -3.0000+1.0000i,  4.0000;

  12.0000,  4.0000+7.0000i,  3.0000+3.0000i,  -3.4101+1.8572i];

	V(:,:,7)


	α = [0.1134,  0.0062];  β= [0.2524,  0.0137];

	
	v = [-3.0000,  2.0000+1.0000i,  6.0000-2.0000i,  2.0000;

  105.0000,  -30.0000-28.0000i,  70.0000-21.0000i,  -56.9368+5.3899i];

	V(:,:,8)


	α= [0.0401,  0.0083];  β = [0.1716,  0.0441];

	
	v = [-14.0000,  7.0000+2.0000i,  -14.0000-2.0000i,  4.0000+1.0000i;

  56.0000,  -21.0000-3.0000i,  -24.0000-4.0000i,  83.9851+9.4284i];

	V(:,:,9)


	α= [0.0377,  0.2501];  β= [0.2174,  0.0550];

	
	v = [-24.0000,  -3.0000,  -4.0000-1.0000i,  6.0000+1.0000i;

  1.0000,  -3.0000-3.0000i,  0.0000+3.0000i,  1.5745+7.3756i];

	V(:,:,10)


	α= [0.0464,  0.0275];  β= [0.0946,  0.1019];

	
	v = [-14.0000,  4.0000+6.0000i,  7.0000+3.0000i,  0.0000+2.0000i;

  14.0000,  0.0000+5.0000i,  -6.0000,  27.1631+0.7631i];

	V(:,:,11)


	α = [0.0810,  0.0281];  β= [0.1382,  0.0255];

	
	v = [3.0000,  2.0000-6.0000i,  -2.0000+1.0000i,  4.0000+2.0000i;

  -6.0000,  -10.0000-5.0000i,  15.0000+8.0000i,  -17.3899+25.4334i];

	V(:,:,12)


	α= [0.0052,  0.0718];  β = [0.2444,  0.1395];

	
	v = [28.0000,  -168.0000-1.0000i,  -21.0000-1.0000i,  24.0000-1.0000i;

  -4.0000,  2.0000,  3.0000-5.0000i,  -6.9162-2.4547i];

	V(:,:,13)


	α= [0.0327,  0.0281];  β = [0.2242,  0.0384];

	
	v = [-14.0000,  4.0000+1.0000i,  -4.0000-2.0000i,  -7.0000+3.0000i;

  14.0000,  21.0000+6.0000i,  7.0000-15.0000i,  5.8260-5.5547i];

	V(:,:,14)


	α = [0.0953,  0.0782];  β = [0.6876,  0.1772];

	
	v = [-6.0000,  -2.0000,  3.0000+1.0000i,  3.0000;

  4.0000,  -6.0000+3.0000i,  -3.0000,  7.0000-1.1850i];

	V(:,:,15)


	α = [0.5681,  0.0528];  β = [0.0199,  0.0315];

	
	v = [-1.0000,  0.0000-28.0000i,  0.0000+8.0000i,  1.0000-7.0000i;

  14.0000,  0.0000-10.0000i,  -4.0000+15.0000i,  5.0757-3.9626i];

	V(:,:,16)


	α= [0.0111,  0.1231];  β= [0.0673,  0.0212];

	
	v = [-21.0000,  0.0000-4.0000i,  15.0000-12.0000i,  35.0000-3.0000i;

  2.0000,  -1.0000-5.0000i,  -3.0000+8.0000i,  6.3324+17.7157i];


15.3.9.10.4.1.2.1.3 Rate 3, V[4 3 4]
Table 15 Base codebook V[4 3 4]
	Index
	Value

	V(:,:,1)
	α = [0.1269,  0.1766,  0.2329];  β = [0.0631,  0.1522,  0.0359]; 

	
	v = [-4.0000,  -1.0000,  -4.0000+7.0000i,  4.0000+2.0000i;

     3.0000,  3.0000-2.0000i,  -2.0000+3.0000i,  -0.5688+0.3138i;

     -2.0000,  2.0000+6.0000i,  1.3088+6.8823i,  -1.6197+13.1650i];

	V(:,:,2)
	α = [0.2262,  0.0538,  0.0540];  β = [0.0770,  0.0265,  0.0137]; 

	
	v = [3.0000,  -2.0000+3.0000i,  -2.0000+2.0000i,  0.0000-3.0000i;

     -7.0000,  -14.0000+5.0000i,  2.0000,  -7.8473+10.9641i;

     6.0000,  -4.0000+8.0000i,  15.4020-15.0967i,  2.7505-20.6373i];

	V(:,:,3)


	α = [0.0101,  0.2857,  0.0122];  β = [0.0268,  0.0411,  0.0623]; 

	
	v = [-84.0000,  12.0000+6.0000i,  21.0000-7.0000i,  -14.0000-14.0000i;

     1.0000,  2.0000-3.0000i,  2.0000+8.0000i,  -0.9851-6.0737i;

     -35.0000,  14.0000-3.0000i,  5.3586+7.9654i,  6.9562+11.2691i];

	V(:,:,4)


	α = [0.2069,  0.0633,  0.0641];  β = [0.0280,  0.0254,  0.3364]; 

	
	v = [-2.0000,  4.0000+7.0000i,  -1.0000,  1.0000+5.0000i;

     4.0000,  6.0000+7.0000i,  3.0000+6.0000i,  -9.2827-23.4896i;

     12.0000,  3.0000,  -8.9606-0.2674i,  1.4153+0.4575i];

	V(:,:,5)
	α = [0.1168,  0.0271,  0.0101];  β = [0.0139,  0.0191,  0.2508]; 

	
	v = [5.0000,  5.0000-21.0000i,  2.0000+12.0000i,  0.0000-28.0000i;

     -21.0000,  14.0000-7.0000i,  0.0000-28.0000i,  8.7339-21.7728i;

     40.0000,  -30.0000+2.0000i,  5.0697-2.1092i,  -18.6287-1.6754i];

	V(:,:,6)


	α = [0.0713,  0.0521,  0.3833];  β = [0.0162,  0.1158,  0.0121]; 

	
	v = [10.0000,  5.0000+15.0000i,  4.0000+20.0000i,  -4.0000+12.0000i;

     -4.0000,  7.0000+2.0000i,  0.0000-5.0000i,  -12.2584-1.4247i;

     1.0000,  1.0000+12.0000i,  -1.1604-26.8482i,  1.3720-26.6678i];

	V(:,:,7)


	α = [0.1020,  0.0327,  0.1363];  β = [0.0544,  0.0858,  0.0163]; 

	
	v = [-4.0000,  4.0000+3.0000i,  6.0000+3.0000i,  3.0000-7.0000i;

     14.0000,  21.0000+5.0000i,  -7.0000-3.0000i,  3.5246+0.5073i;

     -1.0000,  2.0000+12.0000i,  0.5731+24.4583i,  -6.0478+9.5591i];

	V(:,:,8)


	α = [0.1037,  0.2637,  0.0466];  β = [0.1127,  0.0372,  0.1585]; 

	
	v = [5.0000,  0.0000-1.0000i,  -2.0000-4.0000i,  -5.0000+4.0000i;

     -2.0000,  2.0000-8.0000i,  -2.0000-3.0000i,  -0.8959-2.5229i;

     14.0000,  7.0000,  -7.7227+2.1089i,  2.1854-2.9309i];

	V(:,:,9)


	α = [0.0570,  0.0510,  0.0249];  β = [0.2970,  0.1269,  0.1826]; 

	
	v = [12.0000,  -8.0000,  -3.0000,  -8.0000+1.0000i;

     -12.0000,  -8.0000+1.0000i,  -12.0000,  -4.9967+0.3107i;

     14.0000,  6.0000-1.0000i,  -28.5438+0.7785i,  20.4172-1.1047i];

	V(:,:,10)


	α = [0.1155,  0.0871,  0.1078];  β = [0.3650,  0.0750,  0.0244]; 

	
	v = [-6.0000,  4.0000-1.0000i,  -3.0000,  -2.0000;

     2.0000,  0.0000+6.0000i,  -7.0000+4.0000i,  -3.6648+6.0000i;

     -6.0000,  -4.0000+20.0000i,  1.9141+12.3348i,  -0.0112-6.4914i];

	V(:,:,11)


	α = [0.0446,  0.0887,  0.0225];  β = [0.1142,  0.2467,  0.0428]; 

	
	v = [12.0000,  -4.0000-2.0000i,  -3.0000-5.0000i,  -12.0000;

     -6.0000,  6.0000+1.0000i,  -3.0000-1.0000i,  -5.4689-0.3136i;

     6.0000,  6.0000-5.0000i,  -29.7685-0.1256i,  15.7575-13.6583i];

	V(:,:,12)


	α = [0.0226,  0.0190,  0.0059];  β = [0.1592,  0.1147,  0.2130]; 

	
	v = [14.0000,  6.0000+2.0000i,  21.0000+3.0000i,  -14.0000-3.0000i;

     -21.0000,  42.0000-1.0000i,  -6.0000,  10.9949-3.1857i;

     30.0000,  42.0000+1.0000i,  -117.1867+0.5337i,  -101.4086+0.7202i];

	V(:,:,13)


	α = [0.5972,  0.0674,  0.0247];  β = [0.1710,  0.0623,  0.0913]; 

	
	v = [-1.0000,  0.0000-3.0000i,  0.0000+3.0000i,  0.0000-2.0000i;

     7.0000,  7.0000+2.0000i,  7.0000+7.0000i,  -0.0000-5.7234i;

     -12.0000,  15.0000+2.0000i,  5.1033+3.3756i,  -14.8450+7.7243i];

	V(:,:,14)


	α = [0.0334,  0.0192,  0.0508];  β = [0.0836,  0.0175,  0.2783]; 

	
	v = [-24.0000,  -3.0000+3.0000i,  -8.0000+4.0000i,  6.0000-3.0000i;

     8.0000,  -40.0000+8.0000i,  -5.0000+14.0000i,  -28.2051-2.7825i;

     -6.0000,  0.0000-2.0000i,  2.8621+1.3433i,  -2.8516+2.3159i];

	V(:,:,15)


	α = [0.2126,  0.0406,  0.0107];  β = [0.0637,  0.2705,  0.0306]; 

	
	v = [4.0000,  0.0000+2.0000i,  0.0000+7.0000i,  -1.0000+2.0000i;

     -10.0000,  6.0000+2.0000i,  0.0000+1.0000i,  -14.8538+0.7961i;

     21.0000,  42.0000+21.0000i,  -12.1572-12.3281i,  33.9103-6.9630i];

	V(:,:,16)


	α = [0.0205,  0.0378,  0.0123];  β = [0.1185,  0.5071,  0.0180]; 

	
	v = [14.0000,  -6.0000-7.0000i,  6.0000+1.0000i,  -21.0000;

     -12.0000,  -6.0000,  -3.0000-1.0000i,  -10.8361-1.0875i;

     21.0000,  12.0000-14.0000i,  -32.2660-40.6162i,  24.5165+14.2653i];


15.3.9.10.4.1.2.1.4 Rate 4, V[4 4 4]

15.3.9.10.4.1.2.2 6 bits 

15.3.9.10.4.2 Differential codebook

TBD
15.3.9.10.5 Feedback of DL MIMO modes
The feedback content for DL MIMO modes are listed in following table

Table 16 feedback content for DL MIMO

	
	Info. Type
	DRU
	CRU

	
	
	MIMO mode 0 and 1


	MIMO mode 0 and 1


	MIMO 

mode 2
	MIMO 

mode 3 (codebook-based precoding)
	MIMO 

mode 4(codebook-based precoding)

	Long period feedback
	Subband Index

(every N3 frame)
	no
	yes
	yes
	yes
	yes

	
	Rank index

(every N3 frame)
	mode 0: no

mode 1: yes
	mode 0: no

mode 1: yes
	no
	yes
	no

	
	Covariance matrix

(every N4 frame)
	no
	no
	no
	Base/differential mode: no

Adaptive mode: yes
	Base/differential mode: no

Adaptive mode: yes

	Short period feedback

(every frame)
	Wideband CQI
	yes
	yes
	yes
	yes
	yes

	
	Subband CQI
	no
	yes
	yes
	yes
	yes

	
	PMI
	no
	no
	no
	yes
	yes


15.3.9.10.5.1 Feedback of OL SU-MIMO (MIMO mode 0 and mode 1) in DRU permutation 
The feedback includes wideband CQI feedback and rank feedback. Rank is always 1 when MIMO mode = 1.

The feedback is defined in following table
Table 17 Feedback content for MIMO mode 0 and mode 1 in DRU

	Feedback content
	Number of bits
	Feedback interval

(Frame)
	Notes

	Wideband CQI
	4
	1
	

	Rank
	MIMO mode 0: 0 

MIMO mode 1: ceil(log2(MaxMt)).
	TBD
	MaxMt is the maximum number of supported stream


15.3.9.10.5.2 Feedback of MIMO mode 1 and MIMO mode 2 in CRU permutation

The feedback includes wideband CQI, subband CQI and subband index for subband selection, and rank. Feedback of MIMO mode 1 and 2 in CRU permutation is defined in following table
The feedback is defined in table

Table 18 Feedback content for MIMO mode 1 and mode 2 in CRU

	Feedback content
	Number of bits
	Feedback interval

(Frame)
	Notes

	Wideband CQI
	4
	1
	

	Rank
	MIMO mode 1: ceil(log2(MaxMt )).
MIMO mode 2: 0

	TBD
	MaxMt is the maximum number of supported stream


	Suband index
	MIMO mode 1: ceil(log2(nchoosek(N,M)))
MIMO mode 2: ceil(log2(nchoosek(N×MaxMt,M)))

	TBD
	N is the number of total subbands.
M is the number of best subbands/streams

MaxMt is the maximum number of supported stream


	Subband CQI
	2 × M
	1
	


15.3.9.10.5.3 Feedback of MIMO mode 3 and MIMO mode 4 in CRU permutation

The feedback includes wideband CQI, subband CQI, subband index for subband selection, rank and PMI. Feedback of MIMO mode 3 and 4 in CRU permutation is defined in the following table

Table 19 Feedback content for MIMO mode 3 and mode 4 in CRU

	Feedback content
	Number of bits
	Feedback interval

(Frame)
	Notes

	Wideband CQI
	4
	1
	

	Long-term CSI
	MIMO mode 3: 0

MIMO mode 4 (adaptive codebook mode): 

Nt  = 2 : 6 

Nt  = 4 : 28

Nt  = 8 : TBD

MIMO mode 4 (base codebook mode):  0
	TBD
	

	Rank 
	MIMO mode 3: ceil(log2(MaxMt )).
MIMO mode 4: 0


	TBD
	MaxMt is the maximum number of supported stream


	Suband index
	ceil(log2(nchoosek(N,M)))

	TBD
	N is the number of total subbands.
M is the number of best subbands/streams

	Subband CQI
	2 × M
	1
	

	Base/transformed PMI
	log2(NB)
	Base/transform mode:  1
Differential mode:  TBD
	NB is the codebook size.

	Differential PMI
	TBD
	TBD
	


15.3.9.11 MIMO measurement
15.3.9.11.1 CSI measurement
CSI measurement based on midamble or dedicated pilot.

15.3.9.11.2 CQI estimation 

15.3.9.11.2.1 OL SU MIMO (MIMO mode 0 and mode 1)

15.3.9.11.2.2 CL SU-MIMO (MIMO mode 3)

15.3.9.11.2.3 OL MU-MIMO (MIMO mode 2)

15.3.9.11.2.4 CL MU-MIMO (MIMO mode 4)
15.3.9.12 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 shall adaptively switch between DL MIMO techniques depending on parameters such as antenna configurations and channel conditions etc. 
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, the AMS may request adaptation. The decision of rank and mode adaptation is made by the ABS. The adaptation occurs slowly which results in reduction of the feedback overhead.
15.3.9.12.1 Adaptation between SU MIMO and MU MIMO

SU MIMO (both OL and CL) is used to improve per link performance, while MU MIMO is used to improve system performance.

When persistent scheduling (e.g., for Voip) is used, the number of user is small and system load is low, SU MIMO shall be used. 

When the number of users is large and the system load is high, MU-MIMO shall be used.

The ABS shall monitor the user traffic and system information, and decide whether SU or MU-MIMO modes shall be used for a certain allocation.

The adaptation between SU and MU MIMO is semi-static. The adaptation requires re-allocation RU. 

15.3.9.12.2 Adaptation between OL MIMO and CL MIMO.

OL MIMO requires less feedback and is robust to the changes of the channel environment, especially high speed. 

When the channel changes slowly, the channel state information can be used by CL SU-MIMO to improve performance.
The adaptation between SU and MU-MIMO is semi-static. The adaptation requires re-allocation RU. 

15.3.9.12.3 Rank Adaptation for SU MIMO

Rank adaptation for SU-MIMO is flexible adaptation. 
The AMS decides the preferred rank and provides feedback every Nx frame. The ABS decides which rank to use according to the feedback and changes the rank at the boundary of every Nx frame.

15.3.9.13 Transmission for Control Channel
15.3.9.13.1 Transmission for Broadcast Control Channel

TBD

15.3.9.13.2 Transmission for Unicast Control Channel

TBD
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