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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 DL-MIMO transmission schemes for the P802.16m Amendment draft working document, based on the proposals outlined by the TGm SDD. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D7 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4].
2. Modifications to the SDD text
The text proposed in this contribution is based on subclause 11.9 in the IEEE 802.16m SDD [3]. The modifications to the SDD text are summarized below:
· Antenna configuration: change it to only define the transmit antenna configuration
· Add x to be the MIMO output data stream
· Change precoding matrix P to W.

· Delete the empty “Pilots” section
· Merge the two sections “feedback for SU and feedback for MU MIMO” to one section to avoid duplication
· 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/D7, “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 a one RU, by virtue of spatial separation of the transimitted 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: Single Code Word (SCW): In MIMO transmission, multiple MIMO stream are encoded by one encoder block(one “layer”).
4. Abbreviations and acronyms

[Add the following abbreviations in the alphabetical sequence:]

RU

Resource Unit

SCW

Single Code Word

SU-MIMO 
Single User Multiple Input Multiple Output
MU-MIMO     Multi-User Multiple Input Multiple Output

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 the Figure 1. 

In SU-MIMO, only one user is scheduled in one Resource Unit (RU). In MU-MIMO, multiple users can be scheduled in one RU. 

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

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

The scheduler block will schedule users to RUs and is responsible for making a number of decisions with regards to each resource allocation, including:

· Allocation type: Whether the allocation is distributed or localized allocation

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

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

· User grouping: For MU-MIMO, which users should be transmitted in the RU.
· Rank: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for the user allocated to the Resource Unit (RU).

· MCS level per layer: The modulation and coding scheme to be used at each layer.  

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

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
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, NS depends on the STC schemes employed by the MIMO encoder. MU-MIMO can have up to 2 streams with 2 Tx antennas, and up to 4 streams for 4 Tx antennas and 8 Tx antennas.   

For SU-MIMO, the spatial multiplexing MIMO mode employs vertical encoding. For SU-MIMO, transmit diversity MIMO mode employs vertical encoding.  For MU-MIMO, horizontal encoding is employed at the base-station while only one stream is transmitted to each AMS.

15.3.9.4   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. 
15.3.9.5   Resource mapping

The MIMO mode permutation 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 system information, user feedback etc.
15.3.9.6 DL Signaling support for MIMO 
15.3.9.6.1 DL Signaling support for SU MIMO
For CL SU MIMO, The set codebook of (subset) information is signaled via explicit signaling to AMS.
The subset is TBD
For OL SU MIMO, the fixed precoder information is signaled via explicit signaling to AMS if midamble is used for measurement.

The information is the codebook set,. 
The details of the signaling is TBD

15.3.9.6.2 DL Signaling support for MU MIMO

For CL MU MIMO, The set of codebook (subset) information is signaled via explicit signaling to AMS. The subset is defined in 15.3.x.x.x.
For OL MU MIMO, the fixed precoder information shall be signaled via explicit signaling to AMS when midamble is used for measurement.

The information is the codebook set.
The format of the signaling is TBD.
15.3.9.7 Single-user MIMO Data Transmission
Both OLSU-MIMO and CL SU MIMO are supported.
For OLSU-MIMO, both spatial multiplexing and transmit diversity schemes are supported.

For CL SU MIMO, 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 an M ( 1 vector
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where si is the i-th input symbol within a batch. 
The output of the MIMO encoder is an 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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       Equation 5
where zj,k is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier. 
Note NF is the number of subcarriers used to transmit the MIMO signals derived from the input vector x. For open-loop SU-MIMO, the rate of a mode is defined as 
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. For OL SU-MIMO spatial multiplexing and CLSU-MMO, NF = 1.
15.3.9.7.1Open-loop SU-MIMO

In OL SU MIMO, 2Tx, 4Tx, and 8Tx antennas with rate 1 transmission are defined as Transmit Diversity modes. The other modes, including 2Tx, 4Tx, and 8Tx antennas with rate 2 transmission, 4Tx and 8Tx antennas with rate 3 transmission, 4Tx and 8Tx antennas with rate 4 transmission, and 8Tx antennas with transmission up to rate 8 are defined as Spatial Multiplexing modes.
The operation of these modes is specified in Section 15.3.9.7.1.1 and 15.3.9.7.1.2. The dimensions of the vectors and matrices for OL SU-MIMO are shown in the following table:

	Nt
	R
	M
	Mt 
	NF

	2
	1
	1
	1
	1

	2
	1
	2
	2
	2

	4
	1
	1
	1
	1

	4
	1
	2
	2
	2

	8
	1
	1
	1
	1

	8
	1
	2
	2
	2

	2
	2
	2
	2
	1

	4
	2
	2
	2
	1

	8
	2
	2
	2
	1

	4
	3
	3
	3
	1

	8
	3
	3
	3
	1

	4
	4
	4
	4
	1

	8
	4
	4
	4
	1


Table 1 Matrix dimensions for open-loop SU-MIMO modes

Where Nt is the number of transmit antenna, R is the Rate of MIMO schemes, M is number of symbols input to MIMO encoder at a time, Mt is the number of stream, and NF is the number of subcarriers used to transmit the MIMO.
Precoding matrix W(k) is an Nt ( Mt  matrix. The W(k) is defined in 15.3.9.7.1.3
The pilots shall be precoded with the same precoder W(k).
15.3.9.7.1.1 Transmit Diversity

The following transmit diversity modes are supported for OL SU MIMO:

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

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

· 8Tx rate-1: For M = 2,SFBC with precoder, and for M = 1, a rank-1 precoder

For the transmit diversity modes with M=1, the input to MIMO encoder is s=s1, and the output of the MIMO encoder is a scalar x=S(s). Then the output of the MIMO encoder is multiplied by the Nt × 1 matrix W, where W is described in section 15.3.9.7.1.3
For the transmit diversity modes with M=2, the input to the MIMO encoder is represented a 2 × 1 vector. 
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The MIMO encoder generates the SFBC matrix.
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Then the output of the MIMO encoder is multiplied by the Nt × 2 matrix W, where W is described in section 15.3.9.7.1.3
15.3.9.7.1.2 Spatial Multiplexing
For the rate-R spatial multiplexing modes, the input and the output of MIMO encoder is represented by an R ( 1 vector
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In spatial multiplex mode, the rate R equals to M and Mt
Then the output of the MIMO encoder is multiplied by the Nt × R (Nt ×Mt ) matrix W where W is described in Section 15.3.9.7.4.
15.3.9.7.1.3 OL SU-MIMO Precoding Matrix
The precoding matrix W is selected from the codebook (or subset). The codebook is defined in 15.x.x.x.x, 

The W is fixed over time.

W is selected from a codeword set which is the base codebook (or subset of the base codebook). The definition of subset is TBD. 

The base codebook V(Nt Nt, NB) is used for OL SU MIMO, which is the highest rank of the codebook (Nt Tx antenna 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 to construct the Nt ×Mt codebook set, Vs.
W cyclically changes with the logical index of subband in an allocation. A subband consists of Nx contiguous PRUs. The parameter Nx is signaled by ABS.
W starts with the first index of codebook set Vs, and incrementally (cyclically) changes the index of codebook set Vs for 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 AMS for the channel quality estimation when midamble is used for channel measurement. The format of signaling is defined in 15.3.9.6.
15.3.9.7.2 Closed-loop SU-MIMO
15.3.9.7.2.1 Precoding technique

In both FDD and TDD systems, unitary codebook based precoding is supported. 

In TDD systems, sounding based precoding is supported. 

CL SU-MIMO uses spatial multiplex mode, in which M shall be equal to STC rate R and Mt. 

For the STC rate-R spatial multiplexing modes, the input and the output of MIMO encoder is represented by an R ( 1 vector
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The output of the MIMO encoder is multiplied by a precoder, Nt × R (Nt ×Mt ) matrix W. The precoder W is derived from the feedback of AMS.
For codebook-based precoding, there are 3 modes: base mode, adaptive mode and differential mode.

15.3.9.7.2.1.1 Base mode
In base mode, AMS feeds back the index of the precoding codeword, and ABS computes the W according to the index. Both ABS and AMS shall use the same codebook for correct operation. The codebook is defined in 15.x.x.x.x.
15.3.9.7.2.1.2 Adaptive mode
In adaptive mode, both ABS and AMS transform the base codebook to a transformed codebook using the correlation matrix. The transformation takes the form
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 is the i-th codeword of the original codebook and the transformed codebook, respectively; 
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 to an orthogonal matrix with orthogonal column(s) that span the same subspace as 
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 is the Nt × Nt transmit covariance matrix. The correlation matrix 
[image: image20.wmf]R

 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 15.x.x.x. and 15.x.xxx.
15.3.9.7.2.1.3 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, base codebook or transformed codebook shall be used for AMS feedback and ABS precoding. In the tracking steps, AMS shall send a differential feedback index for 
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where 
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where 
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 is the unquantized precoding matrix for the t-th step. 
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 defined in 15.x.x.x. The computation of the square matrix 
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Define the Householder matrix 
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where 
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Equation 15
where 
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Equation 16
where 
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Equation 17
For 
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, the beamforming feedback shall be for the norm vector of the subspace spanned by the ideal beamforming matrix. 
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.

15.3.9.9 Multi-user MIMO 

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 2Tx antennas to support up to 2 users, and 4Tx or 8Tx antennas to support up to 4 users.

Both OL MU-MIMO and CL MU-MIMO are supported.
15.3.9.9.1 Precoding technique
Up to four AMSs can be assigned to one resource allocation.
The source data s from M AMSs are multiplexed at MIMO encoder, the equation is
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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 precoder W. The precoder W is derived from the feedback of AMS.
For OL MU MIMO, the precoding matrix is predefined unitary matrix and fixed over time.

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

For codebook based precoding, AMS feedbacks the index of codebook (and the index of corresponding column), and ABS derives the W according to the feedback. Both ABS and AMS shall use the same codebook for correct operation. The codebook is defined in 15.x.x.x.x.
For codebook based precoding, there are 3 modes: base mode, adaptive mode and differential mode. The definition of the 3 mode are defined in 15.3.9.7.2.1.
For TDD sounding based precoding, the value of W is derived from the MS sounding feedback. 
The pilots shall be precoded with the same precoder W. 
15.3.8.9.2 OL MU-MIMO
W is Nt × M  matrix for each subcarriers. The matrix W is a predefined unitary codebook selected from codebook defined in 15.x.x.x.x, and changes every subband. 
W is selected from the based codebook V(Nt,M, NB).
W cyclically changes with the logical index of subband in an allocation. A subband consists of Nx contiguous PRUs. The parameter Nx is signaled by ABS.

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

The equation for W at k-th subband in an allocation is 

W(k) = V(i) where  i = ( k-1 mod Nc) + 1.  k=1,2,3,4.., Nc is the codebook size (number of matrix within the codebook), and i is the index of matrix within V.

AMS feedbacks CQI of the preferred index of streams in subbands and corresponding stream indicator to indicate which stream is preferred in the subband. ABS will pair the AMS to RUs according to the CQI information, and use the predefined matrix W for transmission. 
The CQI measurement and feedback for OL MU MIMO is defined in 15.x.x.x
15.3.8.9.3 CL MU-MIMO

W is Nt × M  matrix for each subcarriers.
For codebook based precoding, W shall be derived from the codebook index feedback from multiple AMS. 
CL MU-MIMO use the rank 1 codebook V(Nt,1, NB) for both AMS and ABS, and each AMS feedbacks the index of preferred vector in a certain subband and corresponding CQI.

When ABS pairs multiple AMSs in the subband, it shall construct the initial precoding matrix Wp.


[image: image64.wmf]]

[

2

1

M

v

v

v

W

p

L

=

, where 
[image: image65.wmf]i

v

 is the preferred vector from i-th AMS.

The orthogonal property of columns of 
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 shall be checked by ABS. 

If the columns are orthogonal to each other, the precoding matrix W = 
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W

, and the feedbacked CQI is used for MCS estimation. 
If the columns are not orthogonal to each other, zero forcing method is used, and the CQI shall be adjusted according to the output of zero forcing. The processing is as following.
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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 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.

,
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  Equation 21
where 
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 is the derived from feedback of CQI from i-th AMS, and 
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 is the adjusted CQI after zero-forcing. 
The content of the CQI used in the zero-forcing adjustment shall be based on linear effective SINR value derived from the feedbacked CQI, which is defined in 15.x.x.x
The precoding 
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 and the adjusted CQI are used for transmission and MCS estimation.
The CQI measurement and PMI measurement for CL MU MIMO is defined in 15.x.x.x.

For TDD sounding based precoding, W is derived from sounding feedback of multiple AMS.
15.3.9.9.5 MU CQI adjustment for non-full user transmission.

    In 15.x.x.x, MU MIMO CQI estimation 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.
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where 
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 is the paired users in one subband, and 
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 is the maximum number of user in one subband. CQI measurement in AMS side assumes 
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 users transmit simultaneously.
15.3.9.9.4 Unification with SU-MIMO
For both OL and CL MU MIMO, if ABS can not pair two or multiple AMSs in one RU because of the miss of CQI feedback, SU-MIMO shall be used based on the same feedback (rank 1 SU CL-MIMO), and CQI shall be adjusted because there is not inter-user cross interference in this case, 
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=1. This is a special case of MU MIMO.
The equation of the adjustment of CQI is 
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The adaptation between feedback for SU MIMO rank 2 (or more) and feedback for MU MIMO is semi-static.
15.3.9.10 Feedback for DL MIMO

Various feedback information from AMS is utilized to DL MIMO transmission, including rank, CQI, PMI etc.
15.3.9.10.1 Rank
In both OL SU and CL SU MIMO, rank information shall be feedbacked from AMS to ABS every Nx frame. [Nx is TBD]
The number of feedback bits for rank adaptation is ceil(log2(Nt)).

ABS shall adjust the precoding matrix W according to the feedback of rank.
MU MIMO mode doesn’t require the feedback of rank.
Rank feedback is carried by primary CQICH or secondary CQICH.
15.3.9.10.2 Sub-band selection
When frequency selective scheduling is enabled, AMS shall feedback the index of the best M preferred sub-band/stream. [M is TBD].
The feedback bits for sub-band selection is ceil(log2(nchoosek(N,M))), where N is the number of total subbands/streams.
Sub-band/stream selection is carried by secondary CQICH.
15.3.9.10.3 CQI (Wideband or sub-band, per layer)
15.3.9.10.3.1 Wideband CQI

   There is one average CQI for whole band, and it shall be carried by primary CQICH or secondary CQICH.
15.3.9.10.3.2 Sub-band CQI

   In OL and CL SU MIMO, AMS reports the CQI of the preferred subbands. There is one CQI report for one subband. 

   The sub-band CQI is feedbacked together with sub-band selection and carried by secondary CQICH.
15.3.9.10.3.3 Sub-band per layer CQI

  In OL and CL MU MIMO, AMS reports the CQI of the preferred layers in certain subbands.
For OL MU MIMO, the feedback includes CQI and the index of the preferred layer

  For CL MU MIMO, the feedback includes CQI and the index of the preferred layer and the corresponding codebook index.
  The sub-band per layer CQI is feedbacked together with sub-band selection and carried by secondary CQICH
15.3.9.10.4 PMI
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.

The column vector of base codebook is written as
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where the scaling factors 
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We will set 
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The quantization and the computation of the scaling factor 
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15.3.9.10.4.1 Base codebook for 2Tx antenna (3 bits)
15.3.9.10.4.1.1 Rate 1  V[2 1 3]
	Index
	Value

	A(:,:,1)
	alpha(:,1) = [0.7071]; belta(:,1) = [0];

	
	[1.0000,  1.0000];

	A(:,:,2)
	alpha(:,1) = [0.7071]; belta(:,1) = [0.7071];

	
	[1.0000,  0+1.0000j];

	A(:,:,3)
	alpha(:,3) = [0.2412];  belta(:,3) = [0.4938];

	
	[-3.0000,  2.0000-1.0000i];

	A(:,:,4)
	alpha(:,4) = [0.6619];  belta(:,4) = [0.3516];

	
	[-1.0000,  -1.0000+1.0000i];

	A(:,:,5)
	alpha(:,5) = [0.2342];  belta(:,5) = [0.5355];

	
	[-3.0000,  2.0000+1.0000i];

	A(:,:,6)
	alpha(:,6) = [0.1768];  belta(:,6) = [0.6843];

	
	[-4.0000,  -1.0000+1.0000i];

	A(:,:,7)
	alpha(:,7) = [0.7069];  belta(:,7) = [0.0245];

	
	[-1.0000,  1.0000+1.0000i];

	A(:,:,8)
	alpha(:,8) = [0.2378];  belta(:,8) = [0.5147];

	
	[-3.0000,  -2.0000-1.0000i];


15.3.9.10.4.1.1 Rate 2  V[2 2 3]
The 3bits 2x2 codebook is generated from V[2,1,3]. One operation 
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 is the vector from V[2,1,3]
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15.3.9.10.4.2 Base codebook for 4Tx antenna 
15.3.9.10.4.2.1  4 bits 
15.3.9.10.4.2.1.1 Rate 1  V[4 1 4]

	Index
	Value

	A(:,:,1)
	alpha(:,1) = [0.5000];  belta(:,1) = [0.0000];

	
	[1.0000,  1.0000,  1.0000,  1.0000];

	A(:,:,2)
	alpha(:,2) = [0.5000];  belta(:,2) = [0.5000];

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

	A(:,:,3)


	alpha(:,3) = [0.5000];  belta(:,3) = [0.0000];

	
	[1.0000,  -1.0000,  1.0000,  -1.0000];

	A(:,:,4)


	alpha(:,4) = [0.5000];  belta(:,4) = [0.5000];

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

	A(:,:,5)
	alpha(:,5) = [0.2858];  belta(:,5) = [0.0396];

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

	A(:,:,6)


	alpha(:,6) = [0.2344];  belta(:,6) = [0.0967];

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

	A(:,:,7)


	alpha(:,7) = [0.0392];  belta(:,7) = [0.0909];

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

	A(:,:,8)


	alpha(:,8) = [0.0242];  belta(:,8) = [0.2547];

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

	A(:,:,9)


	alpha(:,9) = [0.1735];  belta(:,9) = [0.0375];

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

	A(:,:,10)


	alpha(:,10) = [0.0837];  belta(:,10) = [0.1835];

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

	A(:,:,11)


	alpha(:,11) = [0.0435];  belta(:,11) = [0.1409];

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

	A(:,:,12)


	alpha(:,12) = [0.1851];  belta(:,12) = [0.0790];

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

	A(:,:,13)


	alpha(:,13) = [0.5626];  belta(:,13) = [0.0832];

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

	A(:,:,14)


	alpha(:,14) = [0.0046];  belta(:,14) = [0.1659];

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

	A(:,:,15)


	alpha(:,15) = [0.0225];  belta(:,15) = [0.1411];

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

	A(:,:,16)


	alpha(:,16) = [0.2537];  belta(:,16) = [0.1039];

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


15.3.9.10.4.2.1.2 Rate 2  V[4 2 4]
	Index
	Value

	A(:,:,1)
	alpha(:,1) = [0.5000,  0.5000];  belta(:,1) = [0.0000,  0.0000];

	
	[1.0000,  1.0000,  1.0000,  1.0000;

  -1.0000,  -1.0000,  1.0000,  1.0000];

	A(:,:,2)
	alpha(:,2) = [0.5000,  0.5000];  belta(:,2) = [0.5000,  0.5000];

	
	[1.0000,  0.0000+1.0000i,  1.0000,  0.0000+1.0000i;

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

	A(:,:,3)


	alpha(:,3) = [0.5000,  0.5000];  belta(:,3) = [0.0000,  0.5000];

	
	[1.0000,  1.0000,  1.0000,  1.0000;

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

	A(:,:,4)


	alpha(:,4) = [0.5000,  0.5000];  belta(:,4) = [0.5000,  0.0000];

	
	[1.0000,  0.0000+1.0000i,  1.0000,  0.0000+1.0000i;

  -1.0000,  -1.0000,  1.0000,  1.0000];

	A(:,:,5)
	alpha(:,5) = [0.0426,  0.0214];  belta(:,5) = [0.0858,  0.1054];

	
	[-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];

	A(:,:,6)


	alpha(:,6) = [0.0965,  0.0671];  belta(:,6) = [0.2640,  0.0500];

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

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

	A(:,:,7)


	alpha(:,7) = [0.1134,  0.0063];  belta(:,7) = [0.2524,  0.0139];

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

  105.0000,  -30.0000-28.0000i,  70.0000-21.0000i,  -42.0000+12.0000i];

	A(:,:,8)


	alpha(:,8) = [0.0401,  0.0079];  belta(:,8) = [0.1716,  0.0419];

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

56.0000,  -21.0000-3.0000i,  -24.0000-4.0000i,  84.0000+12.0000i];

	A(:,:,9)


	alpha(:,9) = [0.0377,  0.2408];  belta(:,9) = [0.2174,  0.0530];

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

  1.0000,  -3.0000-3.0000i,  0.0000+3.0000i,  2.0000+7.0000i];

	A(:,:,10)


	alpha(:,10) = [0.0464,  0.0306];  belta(:,10) = [0.0946,  0.1132];

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

  14.0000,  0.0000+5.0000i,  -6.0000,  21.0000+2.0000i];

	A(:,:,11)


	alpha(:,11) = [0.0810,  0.0318];  belta(:,11) = [0.1382,  0.0288];

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

  -6.0000,  -10.0000-5.0000i,  15.0000+8.0000i,  -15.0000+20.0000i];

	A(:,:,12)


	alpha(:,12) = [0.0052,  0.0757];  belta(:,12) = [0.2444,  0.1471];

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

  -4.0000,  2.0000,  3.0000-5.0000i,  -6.0000-2.0000i];

	A(:,:,13)


	alpha(:,13) = [0.0327,  0.0282];  belta(:,13) = [0.2242,  0.0385];

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

  14.0000,  21.0000+6.0000i,  7.0000-15.0000i,  6.0000-5.0000i];

	A(:,:,14)


	alpha(:,14) = [0.0953,  0.0821];  belta(:,14) = [0.6876,  0.1860];

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

  4.0000,  -6.0000+3.0000i,  -3.0000,  6.0000-1.0000i];

	A(:,:,15)


	alpha(:,15) = [0.5681,  0.0507];  belta(:,15) = [0.0199,  0.0302];

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

  14.0000,  0.0000-10.0000i,  -4.0000+15.0000i,  7.0000-6.0000i];

	A(:,:,16)


	alpha(:,16) = [0.0111,  0.1245];  belta(:,16) = [0.0673,  0.0214];

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

  2.0000,  -1.0000-5.0000i,  -3.0000+8.0000i,  6.0000+20.0000i];


15.3.9.10.4.2.1.3 Rate 3  V[4 1 4]
15.3.9.10.4.2.1.4 Rate 4  V[4 1 4]
15.3.9.10.4.2.2  6 bits 

[TBD]

15.3.9.10.4.3  Differential codebook

[TBD]

15.3.9.10.5 Long-term CSI
Correlation matrix R shall be feedbacked to support adaptive mode of codebook based precoding and long-term beamforming.
The R is feedbacked every Nx superframe (Nx is TBD) and one R is valid for whole band.
The measured correlation matrix has the format of 
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where the diagonal entries are positive and the other nonzero entries are complex. Because of the symmetric, only upper triangular elements shall be feedbacked after quantization. 
The 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

	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
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	b
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The total overhead is 6 bits for 2 transmit antenna and 28 bits for 4 transmit antenna.

15.3.9.11 Format of feedback
15.3.9.11.1 Feedback for rank

There is one rank feedback for whole band.

The format is

	Number of Bits
	ceil(log2(Mt))

	Content
	Rank


     Mt is the maximum number of stream supported in the MIMO mode.
15.3.9.11.2 Wideband CQI feedback for SU MIMO

There is one CQI feedback for whole band.
The format is

	Number of Bits
	4

	Content
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15.3.9.11.3 Subband CQI feedback for OL SU MIMO

There is one CQI feedback in one subband.
The format is
	Number of Bits
	ceil(log2(nchoosek(N,M))) (bits)
	2 (bits)
	2 (bits)
	2 (bits)
	2 (bits) 

	Content
	Subband selection
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Where M is the parameter of Best-M feedback, and indicates the number of preferred CQI to feedback. N is the total subband in the allocation. The value of M is TBD
The filed of “subband selection” is coded by combinational index (the detail is TBD) 
  2 bits differential CQI over the wideband CQI is used, and the differential CQI is always positive value.
  The final CQI is derived from 
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15.3.9.11.4 Subband CQI/PMI feedback for CL SU MIMO

There are one PMI and one CQI feedback in one subband.

The format is

	Number of Bits
	ceil(log2(nchoosek(N,M)))
 (bits)
	2
 (bits)
	2
 (bits)
	2 
(bits)
	2
 (bits)
	Nc 
(bits)
	Nc
(bits)
	Nc
 (bits) 
	Nc 
(bits)

	Content
	Subband selection
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Where, M is the parameter of Best-M feedback, and indicates the number of preferred CQI to feedback. N is the total subband in the allocation. The value of M is TBD
The filed of “subband selection” is coded by combinational index (the detail is TBD) 
  2 bits differential CQI over the wideband CQI is used, and the differential CQI is always positive value.

 The final CQI is derived from 
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  Nc is the codebook size. 

15.3.9.11.5 Feedback for OL MU MIMO
There are one CQI feedback for one spatial stream in one subband, and corresponding stream indicator.
The format is
	Number of Bits 
	ceil(log2(nchoosek(N,M))) (bits)
	2
(bits)
	2
(bits)
	2 
(bits)
	2 
(bits)
	Nd
(bits)
	Nd
(bits)
	Nd 
(bits)
	Nd 
(bits)

	Content
	Subband selection
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Where, M is the parameter of Best-M feedback, and indicates the number of preferred CQI to feedback. N is the total subband in the allocation. The value of M is TBD
The filed of “subband selection” is coded by combinational index (the detail is TBD) 
Nd = log2(Mt), where Mt is the total number of stream supported, and Nd is used to indicate which stream is the preferred for the AMS.
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 is the stream indicator for the i-th subband.

  2 bits differential CQI over the wideband CQI is used, and the differential CQI is always positive value.

The final CQI is derived from 
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15.3.9.11.6 Feedback for CL MU MIMO

There is one CQI and PMI feedback for one spatial stream in one subband
The format is

	Number of Bits
	ceil(log2(nchoosek(N,M)))
(bits)
	2
(bits)
	2
(bits)
	2 
(bits)
	2 
(bits)
	Nc
(bits)
	Nc
(bits)
	Nc 
(bits)
	Nc
(bits) 

	Content
	Subband selection
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Where, M is the parameter of Best-M feedback, and indicates the number of preferred CQI to feedback. N is the number of total subband in the allocation. The value of M is TBD
The filed of “subband selection” is coded by combinational index (the detail is TBD) 
  2 bits differential CQI over the wideband CQI is used, and the differential CQI is always positive value.

  The final CQI is derived from 
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  Nc is the codebook size. 

15.3.9.11 MIMO measurement
AMS shall measure various MIMO parameters and feedback to ABS, such as rank, CQI, PMI.
For MIMO measurement, the midamble is used for CL MIMO modes.  Either midamble or dedicated pilot is used for OL MIMO modes. Midamble is defined in 15.3.x.x.x.x. 
The channel state information shall be first measured.
15.3.9.11.1 rank measurement
In OL and CL SU MIMO, AMS measures the CQI of all the supported rank every Nx frame (Nx is TBD), and decide which rank is preferred.

15.3.9.11.2 CQI measurement
   The CQI is measured based on the effective channel according to channel H and precoding vector W. 
The content of CQI is TBD.
   The CQI measurement equation is 
   [TBD]
15.3.9.11.2.1 CQI measure for OL SU MIMO
The predefined precoding matrix shall be derived by the DL control signaling, and the corresponding CQI is estimated based on the channel and the precoding matrix. The average CQI across multiple stream (number of rank) is obtained and feedbacked.

15.3.9.11.2.2 CQI measure for OL MU MIMO
    The predefined precoding matrix shall be derived by the DL control signaling, and the corresponding CQI of each layer is estimated based on the channel and the precoding matrix. The CQI of best layer shall be feedbacked together with the index of the layer.

15.3.9.11.2.3 CQI measure for CL SU MIMO

The PMI shall be first decided, and the corresponding CQI is estimated on the channel and assumed precoding matrix derived from selected PMI. The average CQI across multiple streams (number of rank) is obtained and feedbacked. 
15.3.9.11.2.4 CQI measure for CL MU MIMO

[TBD]( adjustment is required for non-unitary MU MIMO]
15.3.9.11.3 PMI measurement
   For CL MIMO, in one subband, based on the channel information, AMS compares all the entry of the codebook and selects the best entry of the base or transformed codebook in terms of capacity or throughput.

15.3.9.11.4 Long-term CSI measurement
During some time period and whole band, the correlation matrix is measured as
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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 frame (Nx is TBD)
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, AMS may request adaptation. The decision of rank and mode adaptation is made by the ABS. The adaptation occurs slowly, and feedback overhead is less.
15.3.9.12.1 Adaptation between SU MIMO and MU MIMO
   SU MIMO (both OL and CL SU MIMO) is used to improve per link performance, while MU MIMO is used to improve system performance.

   When persistent scheduling (voip, etc), number of user is small and system load is low, SU MIM shall be used. 

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

ABS shall monitor the user traffic and system information, and decide whether SU and MU MIMO mode to 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 robust to channel environment, especially high speed. 

   When 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. 

AMS decide the preferred rank and feedback every Nx frame. ABS decides which rank to use according to the feedback and change the rank at the boundary of every Nx frame.
15.3.9.11 Transmission for Control Channel
15.3.9.11.1 Transmission for Broadcast Control Channel

TBD
15.3.9.11.2 Transmission for Unicast Control Channel

TBD

















































































Feedback


CQI


CSI


ACK / NACK


Mode / Rank / Link Adaptation





Resource  


Mapping 





Scheduler





Layer


control





Encoder





Encoder





Encoder





Encoder





Encoder





Encoder





Precoding Vector


/Matrix





IFFT





IFFT





OFDM Symbol


Construction 





IFFT





Beamformer


/Precoder





� EMBED Equation.3  ���





MIMO 


Encoder





� EMBED Equation.3  ���





data





User i





data





User P





data





2





User 





data





1


























� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





User 








PAGE  
1

[image: image159.wmf]x

W

y

´

=

[image: image160.wmf])

(

s

x

S

=

[image: image161.wmf]z

[image: image162.wmf]x

[image: image163.wmf]s

_1286796926.unknown

_1292681675.unknown

_1292926792.unknown

_1292935642.unknown

_1292936081.unknown

_1292937995.unknown

_1292938153.unknown

_1292938218.unknown

_1292938389.unknown

_1292938506.unknown

_1292938252.unknown

_1292938174.unknown

_1292938129.unknown

_1292936714.unknown

_1292937830.unknown

_1292936134.unknown

_1292936246.unknown

_1292936701.unknown

_1292936148.unknown

_1292936127.unknown

_1292935736.unknown

_1292936060.unknown

_1292936066.unknown

_1292935745.unknown

_1292935685.unknown

_1292935729.unknown

_1292935650.unknown

_1292934816.unknown

_1292935494.unknown

_1292935524.unknown

_1292934877.unknown

_1292935158.unknown

_1292926818.unknown

_1292926831.unknown

_1292934252.unknown

_1292934639.unknown

_1292934251.unknown

_1292926824.unknown

_1292926815.unknown

_1292914544.unknown

_1292921640.unknown

_1292921884.unknown

_1292922097.unknown

_1292926785.unknown

_1292926788.unknown

_1292923974.unknown

_1292926773.unknown

_1292922103.unknown

_1292921902.unknown

_1292922091.unknown

_1292921894.unknown

_1292921762.unknown

_1292921869.unknown

_1292921876.unknown

_1292921861.unknown

_1292921724.unknown

_1292921747.unknown

_1292921645.unknown

_1292914783.unknown

_1292921330.unknown

_1292921632.unknown

_1292921324.unknown

_1292914571.unknown

_1292914770.unknown

_1292914560.unknown

_1292912563.unknown

_1292912795.unknown

_1292914528.unknown

_1292912641.unknown

_1292681945.unknown

_1292685121.unknown

_1292687259.unknown

_1292687706.unknown

_1292687771.unknown

_1292687896.unknown

_1292912396.unknown

_1292687884.unknown

_1292687725.unknown

_1292687320.unknown

_1292687548.unknown

_1292687276.unknown

_1292687175.unknown

_1292687218.unknown

_1292686394.unknown

_1292682564.unknown

_1292682610.unknown

_1292682490.unknown

_1292682557.unknown

_1292681685.unknown

_1291468101.unknown

_1292095387.unknown

_1292100088.unknown

_1292101963.unknown

_1292105651.unknown

_1292635552.unknown

_1292102099.unknown

_1292102113.unknown

_1292102086.unknown

_1292101954.unknown

_1292098290.unknown

_1292098320.unknown

_1292099383.unknown

_1292100085.unknown

_1292098298.unknown

_1292095880.unknown

_1292097641.unknown

_1292095937.unknown

_1292095836.unknown

_1291491193.unknown

_1291491418.unknown

_1292095368.unknown

_1292095376.unknown

_1291493455.unknown

_1292095279.unknown

_1291491377.unknown

_1291491391.unknown

_1291491357.unknown

_1291491363.unknown

_1291491199.unknown

_1291480398.unknown

_1291480426.unknown

_1291480467.unknown

_1291480858.unknown

_1291478777.unknown

_1291465602.unknown

_1291465789.unknown

_1291468006.unknown

_1289885371.unknown

_1291451457.unknown

_1291451469.unknown

_1291450432.unknown

_1289238264.unknown

_1289885264.unknown

_1289238653.unknown

_1288109179.unknown

_1280929680.unknown

_1280931127.unknown

_1286180456.unknown

_1286180509.unknown

_1282051384.unknown

_1286178950.unknown

_1282051383.unknown

_1280931121.unknown

_1280929600.unknown

_1280929675.unknown

_1275489750.unknown

