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1. Introduction
The contribution proposes the text of sections dealing with PHY processing related to MIMO, to be included in the 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D8 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4].
2. Modifications to the SDD text
The text proposed in this contribution is based on subclauses 11.8 and 11.12 in the IEEE 802.16m SDD [3]. A brief overview of the changes made to the SDD is given below: 

· Editorial modifications to the SDD text, while trying to stay close to the descriptions in the SDD [3]. 
· “Vertical encoding” is used rather than “SCW”, and “”Horizontal encoding” is used rather than “MCW”, in order to maintain consistency with the terminology used in [1].

· “Collaborative spatial multiplexing” is used in place of MU MIMO on the UL, to be consistent with [1], and to avoid confusion with the DL MU MIMO. Thus MU MIMO terminology is only used for the DL. 

· Definitions of MIMO modes (MIMO_Mode) have been introduced.

· Sections have been re-organized in the style of [1], with some differences:

· Separate sections have been created for DL MIMO and UL MIMO, where UL MIMO sections borrow descriptions from the DL MIMO sections, as referenced in the text.

· A section for UL MU MIMO (collaborative spatial multiplexing) has been created for clarity.

· Codebooks are described in the “fast feedback channel” section, as it is done in [1]. This may not be the most logical organization, since the same codebooks may be used in DL control channel for indicating the PMI, but we preferred to stay close to [1]. It is simple enough to reference a Table from the “fast feedback channel” section in order to describe the use of codebook PMI in DL control channel, and codebook specifications are most relevant for DL precoding support in feedback channels.

3. Simulations and analysis supporting this proposal
Simulations and analysis supporting the details of SU OL MIMO proposal can be found in [5].
Simulations and analysis supporting the details of the codebook proposal can be found in [6].

4. Proposed ToC for MIMO
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6. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
3. Definitions
Insert the following at the end of section 3:
3.xx Layer: A coding / modulation path fed to the MIMO encoder as an input.

3.xx Rank: For the SU-MIMO spatial multiplexing schemes, the number of streams to be used for the user allocated to the LRU.
3.xx Stream: Each output of the MIMO encoder, that is passed to the precoder.

Abbreviations and acronyms
Insert the following at the end of section 4:
CL


Closed-Loop
CMI 

Codebook Matrix Index

CSM


Collaborative Spatial Multiplexing

DLPMI

Downlink Precoding Matrix Index

MU


Multi-User
OL


Open-Loop
PMI


Preferred Matrix Index

SFBC

Space-Frequency Block Code
SU


Single-User
ULPMI

Uplink Precoding Matrix Index

Insert new sub-sections 15.3.6, 15.3.7 and 15.3.8 in section 15: 
4. Advanced Air Interface 

4.1. Physical layer 
Introduction
OFDMA symbol description, symbol parameters and transmitted signal 
Frame structure 
Reserved 
Downlink physical structure 
DL MIMO 
DL MIMO transmission chain 

The architecture of downlink MIMO processing on the transmitter side at the BS is shown in Figure 1. 

[image: image69.wmf]Figure 1 – DL MIMO transmission chain
The FEC block contains the channel encoder, interleaver, rate-matcher and modulator for each layer. The MIMO encoder block maps L (≥1) layers onto NS (≥L) streams, which are fed to the Precoder block. The Precoder block maps streams to antennas by generating the antenna-specific data symbols according to the selected MIMO mode. The Resource Mapping block maps antenna-specific data symbols to data tones according to the selected subchannel.
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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(1)

where si is the i-th input symbol within a batch. The output of the MIMO encoder is an NS×NF MIMO STC matrix z = S(x), which serves as the input to the precoder. The output of the MIMO encoder is multiplied by NT×NS precoder, P. The output of the precoder is denoted by a matrix NT×NF matrix
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(2)
where yj,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 open-loop and closed-loop SU-MIMO with spatial multiplexing, the rate of a transmission scheme is defined as R = M/NF.

DL MIMO modes
There are four MIMO modes for unicast DL MIMO transmissions:

· MIMO_Mode = 0: Open-loop SU MIMO with MIMO_Rate = 1 and rank NS > 1.

· MIMO_Mode = 1: Open-loop SU MIMO with MIMO_Rate = NS.

· MIMO_Mode = 2: Closed-loop SU MIMO with MIMO_Rate = NS.

· MIMO_Mode = 3: Closed-loop MU MIMO, with NS = 1 per MS.

MIMO modes with MIMO_Rate = 1 are commonly referred to as transmit diversity schemes.

MIMO modes with MIMO_Rate > 1 are commonly referred to as spatial multiplexing schemes.

In DL SU-MIMO, only one user is scheduled in one subchannel; and vertical encoding is utilized at the BS, where there is only one encoder block (one layer).
In DL MU-MIMO, multiple users may be scheduled in one RU; and horizontal encoding is utilized at the BS, while one layer is transmitted to each user.

Layer to stream mapping
Layer to stream mapping is performed by the MIMO encoder. The mapping is given in equation (1):







z = S(x)





(3)

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

Define:
NT: number of transmitting antennas.
NR: number of receiving antennas.
NS: number of streams at the output of the MIMO encoder.

For open-loop transmit diversity with MIMO_Mode = 0, NS depends on the STC scheme employed by the MIMO encoder. The details are specified in section 15.3.6.6.1.1.

For open-loop SU-MIMO spatial multiplexing with MIMO_Mode = 1 and closed-loop SU-MIMO with MIMO_Mode = 2, the number of streams NS ≤ min(NT,NR), where NS is no larger than 8. The details are specified in sections 15.3.6.6.1.2 and 15.3.6.6.1.3, respectively.

MU-MIMO may have up to 2 streams with 2Tx antennas, and up to 4 streams for 4Tx antennas and 8Tx antennas. Horizontal encoding is employed at the BS while only one stream is transmitted to each MS. The details are specified in section 15.3.6.6.1.4.

Stream to antenna mapping
Stream to antenna mapping is performed by the precoder. The stream to antenna mapping depends on the MIMO mode. The mapping is given in equation (2):






y = Pz





(4)

where y is the output of the precoder, P is a precoding matrix, and z is the output of the MIMO encoder.
Matrices dimensions in DL OL SU-MIMO modes
The dimensions of vectors and matrices of the MIMO transmission chains that are supported in OL SU MIMO modes are specified in Table 1.

Table 1 – Matrices dimensions in DL OL SU-MIMO modes
	NT
	MIMO_Rate (R)
	M
	Rank (NS)
	NF
	MIMO_Mode

	2
	1
	1
	1
	1
	1

	2
	1
	2
	2
	2
	0

	4
	1
	1
	1
	1
	1

	4
	1
	2
	2
	2
	0

	8
	1
	1
	1
	1
	1

	8
	1
	2
	2
	2
	0

	2
	2
	2
	2
	1
	1

	4
	2
	2
	2
	1
	1

	8
	2
	2
	2
	1
	1

	4
	3
	3
	3
	1
	1

	8
	3
	3
	3
	1
	1

	4
	4
	4
	4
	1
	1

	8
	4
	4
	4
	1
	1

	8
	5
	5
	5
	1
	1

	8
	6
	6
	6
	1
	1

	8
	7
	7
	7
	1
	1

	8
	8
	8
	8
	1
	1


Encoding, precoding and mapping of MIMO modes

Encoding of MIMO modes
MIMO encoding with MIMO_Mode = 0 (OL SU MIMO)
The open-loop single-user MIMO schemes which are supported in MIMO_Mode = 0 with NT = 2, 4 and 8 transmit antennas are specified in Table 2.
Table 2 – DL SU OL MIMO schemes supported in MIMO_Mode = 0
	Base parameters
	MIMO encoding
	Precoding/Beamforming
	Remarks

	MIMO_Rate = 1

Rank NS = 2
	SFBC
	NT ×2 precoding matrix
	Transmit diversity

R = 1, M = 2, NS = 2


For these transmit diversity schemes 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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(6)
The dimensions of S(x) follow the notations specified in 15.3.6.1Error! Reference source not found..
The precoder is specified in section 15.3.6.6.2.1. The output of the precoder is transmitted over NF=2 tones.

MIMO encoding with MIMO_Mode = 1 (OL SU MIMO)
The open-loop single-user MIMO schemes which are supported in MIMO_Mode = 1 with NT = 2, 4 and 8 transmit antennas are specified in Table 3.
Table 3 – DL SU OL MIMO schemes supported in MIMO_Mode = 1
	Base parameters
	MIMO encoding
	Precoding/Beamforming
	Remarks

	MIMO_Rate = 1

Rank NS = 1
	Direct encoding 
	NT×1 precoding matrix
	Transmit diversity

R = 1, M = 1, Ns = 1

	MIMO_Rate = R

Rank NS = R
	Vertical encoding
	NT×R precoding matrix
	Spatial multiplexing

2 ≤ R ≤ NT
M = R, Ns = R


For transmissions with MIMO_Rate = R ≥ 1, the output and input of the MIMO encoder are represented by an R(1 vector
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(7)
The precoder is specified in 15.3.6.6.2.1. The output of the precoder is transmitted over NF=1 tone.

MIMO encoding with MIMO_Mode = 2 (CL SU MIMO)
Closed-loop precoding is supported with 2, 4 and 8 Tx antennas by using vertical encoding with MIMO_Rate = R followed by precoding with rank NS = R. The closed-loop single-user MIMO schemes which are supported in MIMO_Mode = 2 are specified in Table 4.

Table 4 – DL SU CL MIMO schemes supported in MIMO_Mode = 2
	Base parameters
	MIMO encoding
	Precoding/Beamforming
	Remarks

	MIMO_Rate = R

Rank NS = R
	Vertical encoding
	NT×R precoding matrix
	Spatial multiplexing

1 ≤ R ≤ NT
M = R, Ns = R


For transmissions with MIMO_Rate = R ≥ 1, the output and input of the MIMO encoder are represented by an R(1 vector
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(8)

The precoder is specified in section 15.3.6.6.2.2. The output of the precoder is transmitted over NF=1 tone.
MIMO encoding with MIMO_Mode = 3 (CL MU MIMO)
Multi-user MIMO schemes are used to enable a resource allocation to communicate data to one, two or more MS on the same subchannel. 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.
Multi-user MIMO precoding is supported with 2, 4 and 8 Tx antennas by using horizontal encoding at the BS followed by precoding with rank NS = R. The output and input of the MIMO encoder are represented by an R(1 vector 
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where
[image: image8.wmf]j

s

is the transmit signal to the j-th MS.

The precoder is specified in section 15.3.6.6.2.3. The output of the precoder is transmitted over NF=1 tone.
Precoding of MIMO modes
MIMO precoding with MIMO_Mode = 0 and MIMO_Mode = 1 (OL SU MIMO)
On a given subcarrier k, the precoding matrix P is defined in equation (10):






P(k) = W(k)




(10)

W(k) is an NT×NS matrix, where NT is the number of transmit antennas and NS is the numbers of streams. 
The precoding matrix W is the 2×2 identity matrix for MIMO_Mode = 0 with MIMO_Rate = 1 with 2Tx. 

The precoding matrix W is the 2×2 identity matrix for MIMO_Mode = 1 with MIMO_Rate = 2 with 2Tx.

The matrix W for 4Tx and 8Tx is selected from a subset of size NW = 4 of the base codebook. The matrix W changes every N2PSC contiguous physical subcarriers according to equation (11), and it is constant across OFDM symbols. W belongs to a subset of the base codebook, as specified in Table 5. Each entry in Table 5 specified the set of codewords from the base codebook of the given size NT and rank NS. Each set is expressed in terms of the Codebook Matrix Index (CMI) of Table 12 and also given explicitly in terms of the columns of the base matrices of Table 11.
Table 5 – Open-loop precoding codebook
	Rank NS
	NT = 2
	NT = 4
	NT = 8

	1
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD 
CMI= TBD: C4 = TBD
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD

	2
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD

	3
	n.a.
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD

	4
	n.a.
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD

	5
	n.a.
	n.a.
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD

	6
	n.a.
	n.a.
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD

	7
	n.a.
	n.a.
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD

	8
	n.a.
	n.a.
	CMI= TBD: C1 = TBD
CMI= TBD: C2 = TBD
CMI= TBD: C3 = TBD
CMI= TBD: C4 = TBD


{note: the codewords are TBD once the base codebook has been selected.}

The NT× NS precoding matrix W(k) on subcarrier k is selected according to 
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(11)
MIMO_Mode = 0 and MIMO_Mode =1 shall use precoded pilots on the DL with 4Tx, where the pilot tones are precoded with the same precoding matrix as applied to the data tones within the same assigned resource.

The output of the precoder with MIMO_Mode = 0 is transmitted over NF=2 tones.

The output of the precoder with MIMO_Mode = 1 is transmitted over NF=1 tone.
MIMO precoding with MIMO_Mode = 2 (CL SU MIMO)
MIMO_Mode = 2 shall be used with dedicated pilots, where the pilot tones are precoded with the same precoding matrix as applied to the data tones within the same subchannel. The form and derivation of the precoding matrix W, does not need to be known at the MS. The precoding matrix may be applied over distributed or localized allocations. 

The output of the precoder is transmitted over NF=1 tone.

MIMO precoding with MIMO_Mode = 3 (CL MU MIMO)
In MU-MIMO mode, the received signal of the f-th subcarrier in the i-th MS (without considering co-channel interference) is described as:
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(9)
where K is the number of the allocated users, 
[image: image12.wmf],

jf

v

 is the precoding vector of the f-th subcarrier for the transmit signal to the j-th MS, 
[image: image13.wmf],

jf

x

is the transmit signal of the f-th subcarrier to the j-th MS and 
[image: image14.wmf],
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 is the noise of the f-th subcarrier in the j-th MS.
MIMO_Mode = 3 shall be used with dedicated pilots, where the pilot tones are precoded with the same precoding matrix as applied to the data tones within the same assigned resource. The form and derivation of the assembled precoding matrix,
[image: image15.wmf]1,,

[...]

ffKf

=

Vvv

, does not need to be known at the MS. The precoding matrix may be applied over distributed or localized allocations.

The output of the precoder is transmitted over NF=1 tone.
Mapping of MIMO modes to allocated resource
For MIMO modes whose precoder output is mapped to NF = 1 tone, each consecutive pair of outputs of the MIMO precoder are mapped to a data tone-pair {note: specify tone-pair logical index once defined in PHY section}, where the logical index is incremented in frequency domain first and then in time domain.

For MIMO modes whose precoder output is mapped to NF = 2 tones, each output of the MIMO precoder is mapped to a data tone-pair {note: specify tone-pair logical index once defined in PHY section}, where the logical index is incremented in frequency domain first and then in time domain.
Usage of pilots according to MIMO mode and type of allocation
Shared precoded pilots shall be used in DRU allocations with 4Tx and 8Tx at the BS. Dedicated precoded pilots shall be used in CRU allocations with 4Tx and 8Tx at the BS. The types of allocations supported for each MIMO mode with shared or dedicated pilots on the DL are specified in Table 6.

Table 6 – Allocation types supported for DL MIMO modes with shared or dedicated pilots on DL
	Allocation type
	MIMO_Mode = 0
	MIMO_Mode = 1
	MIMO_Mode = 2
	MIMO_Mode = 3

	Tone-pair DRU
	Yes
	Yes 
	No
	No

	Miniband CRU
	Yes
	Yes
	Yes
	Yes

	Subband CRU
	Yes
	Yes
	Yes
	Yes


Note that MIMO_Mode = 1 can only be supported with MIMO_Rate = 2 in DRU regions where BCH and USCCH are transmitted using two pilot streams. There is no limitation on MIMO_Rate with MIMO_Mode = 1 in DRU regions where BCH and USCCH are not transmitted.
Common (non-precoded) pilots shall be used in DRU allocations with 2Tx at the BS. Dedicated pilots shall be used in CRU allocations with 2Tx at the BS. All MIMO modes are supported in all types of allocations with common pilots on the DL with 2Tx.
UL MIMO 
UL MIMO transmission chain 

The architecture of uplink MIMO processing on the transmitter side at the MS is shown in Figure 2. 

If only one transmit antenna is used at the MS, the MIMO encoder and precoder are removed in Figure 2. In this case, there is no layer to stream mapping nor stream to antenna mapping
Figure 2 – UL MIMO transmission chain[image: image70.wmf] 
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The FEC block contains the channel encoder, interleaver, rate-matcher and modulator for each layer. The MIMO encoder block maps 1 layer onto NS streams, which are fed to the Precoder block. The Precoder block maps streams to antennas by generating the antenna-specific data symbols according to the selected MIMO mode. The Resource Mapping block maps antenna-specific data symbols to data tones according to the selected subchannel.
The notations for UL MIMO transmissions are identical to section 15.3.6.1.

UL MIMO modes
There are three SU MIMO modes for unicast UL MIMO transmissions:

· MIMO_Mode = 0: OL SU MIMO with MIMO_Rate = 1 and rank NS > 1.

· MIMO_Mode = 1: OL SU MIMO with MIMO_Rate = NS.

· MIMO_Mode = 2: CL SU MIMO with MIMO_Rate = NS.

MIMO modes with MIMO_Rate = 1 are commonly referred to as transmit diversity schemes.

MIMO modes with MIMO_Rate > 1 are commonly referred to as spatial multiplexing schemes.

In UL SU-MIMO, only one user is scheduled in one subchannel; and vertical encoding is utilized at the MS, where there is only one encoder block (one layer).
Multiuser MIMO transmission on the uplink is denoted as collaborative spatial multiplexing (CSM). In CSM, multiple users may be scheduled in one RU; and vertical encoding is utilized at the MS. 
Layer to stream mapping, and stream to antenna mapping
Layer to stream mapping is for MIMO_Mode = 0, 1 and 2 is identical to the DL as specified in section 15.3.6.3. Stream to antenna mapping is identical to the DL as specified in section 15.3.6.4. There is no MIMO_Mode = 3 on the UL.
UL MU-MIMO allows up to 2 streams per MS with 2Tx antennas. Vertical encoding is employed at the MS. UL MU MIMO (collaborative spatial multiplexing) may be applied when an MS is in MIMO_Mode = 1 or 2. The details of collaborative spatial multiplexing are specified in section 15.3.7.6.
Matrices dimensions in UL OL SU-MIMO modes

The dimensions of vectors and matrices of the MIMO transmission chains that are supported in OL SU MIMO modes are specified in Table 7.

Table 7 – Matrices dimensions for UL open-loop SU-MIMO modes
	NT
	MIMO_Rate (R)
	M
	Rank (NS)
	NF
	MIMO_Mode

	2
	1
	1
	1
	1
	1

	2
	1
	2
	2
	2
	0

	4
	1
	1
	1
	1
	1

	4
	1
	2
	2
	2
	0

	2
	2
	2
	2
	1
	1

	4
	2
	2
	2
	1
	1

	4
	3
	3
	3
	1
	1

	4
	4
	4
	4
	1
	1


Encoding, precoding and mapping of MIMO modes

Encoding of MIMO modes
MIMO encoding with MIMO_Mode = 0 (OL SU MIMO)
MIMO encoding and precoding with MIMO_Mode = 0 is identical to section 15.3.6.6.1.1, with the exception that the number of transmit antennas cannot be equal to 8. The output of the precoder is transmitted over NF=2 tones.
MIMO encoding with MIMO_Mode = 1 (OL SU MIMO)
MIMO encoding and precoding with MIMO_Mode = 0 is identical to section 15.3.6.6.1.2, with the exception that the number of transmit antennas cannot be equal to 8. The output of the precoder is transmitted over NF=2 tones.
MIMO encoding with MIMO_Mode = 2 (CL SU MIMO)
Closed-loop precoding is supported with 2, 4 Tx antennas by using vertical encoding with MIMO_Rate = R followed by precoding with rank NS = R. The closed-loop single-user MIMO schemes which are supported in MIMO_Mode = 2 are specified in Table 8.

Table 8 – UL SU CL MIMO schemes supported in MIMO_Mode = 2
	Base parameters
	MIMO encoding
	Precoding/Beamforming
	Remarks

	MIMO_Rate = R

Rank NS = R
	Vertical encoding
	NT×R precoding matrix
	Spatial multiplexing

1 ≤ R ≤ NT
M = R, Ns = R


For transmissions with MIMO_Rate = R ≥ 1, the output and input of the MIMO encoder are represented by an R(1 vector
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Precoding of MIMO modes
MIMO precoding with MIMO_Mode = 0 and MIMO_Mode = 1 (OL SU MIMO)
MIMO precoding with MIMO_Mode = 0 and MIMO_Mode = 1 is identical to section 15.3.6.6.2.1, with the exception that the number of transmit antennas cannot be equal to 8.
MIMO precoding with MIMO_Mode = 2 (CL SU MIMO)
MIMO_Mode = 2 shall be used with dedicated pilots, where the pilot tones are precoded with the same precoding matrix as applied to the data tones within the same subchannel. The precoding matrix may be applied over distributed or localized allocations. 

In FDD and TDD systems, unitary codebook based precoding is supported. In this mode, a MS transmits a sounding pilot in the uplink to assist the uplink scheduling and precoder selection in the BS. The BS signals the resource allocation, MCS, rank, uplink precoding matrix index and packet size to the MS. The codebook on the uplink shall be the same or a subset of the SU-MIMO codebook in the downlink.

In TDD systems, downlink pilot based precoding is supported. In this mode, a MS transmits a sounding pilot in the uplink to assist the uplink scheduling in the BS. The BS signals the resource allocation, MCS, rank, and packet size to the MS. The MS chooses the precoder based on the downlink CQI measurement pilot. The precoder does not need to be known at the BS. It is TBD whether the MS will feedback the rank and MCS to assist the uplink scheduling in the BS.
The output of the precoder is transmitted over NF=1 tone.

Mapping of MIMO modes to allocated resource
For MIMO modes whose precoder output is mapped to NF = 1 tone, each consecutive pair of outputs of the MIMO precoder are mapped to a data tone-pair {note: specify tone-pair logical index once defined in PHY section}, where the logical index is incremented in frequency domain first and then in time domain.

For MIMO modes whose precoder output is mapped to NF = 2 tones, each output of the MIMO precoder is mapped to a data tone-pair {note: specify tone-pair logical index once defined in PHY section}, where the logical index is incremented in frequency domain first and then in time domain.

All MIMO modes are supported in all types of allocations (DRU and CRU) on the UL.
UL MU MIMO (Collaborative Spatial Multiplexing)

Uplink MU-MIMO is supported to enable multiple MSs to be spatially multiplexed on the same assigned resources for uplink transmission. Both open-loop and closed-loop MU-MIMO are supported. UL MU-MIMO allows up to 2 streams per MS. Vertical encoding is employed at the MS. UL MU MIMO may be applied when an MS is in MIMO_Mode = 1 or 2, i.e. with open-loop spatial multiplexing or closed-loop precoding, respectively.
Different pilot patterns may be employed for different streams and for different MSs. Specific assignment of pilot patterns to MSs and MIMO streams are TBD. The maximum number of pilot streams is limited to 4.

Open-Loop Collaborative Spatial Multiplexing

MSs with single transmit antenna are supported in open-loop MU-MIMO transmissions. MSs with multiple transmit antennas are also supported in open-loop MU-MIMO transmissions. Uplink open-loop SU-MIMO spatial multiplexing modes of all rates with MIMO_Mode = 1 are supported in open loop MU-MIMO for MSs with more than one transmit antenna.
The BS is responsible for scheduling users and the number of transmitted streams such that it can appropriately decode the received signals according to the number of transmitted streams and to the number of receive antennas. The total number of transmitted streams shall not exceed the number of receive antennas at the BS.
Closed-Loop Collaborative Spatial Multiplexing

Unitary codebook-based uplink precoding is supported for both TDD and FDD. In this case, an MS in MIMO_Mode = 2 shall follow indication of ULPMI sent by the BS in a downlink control channel, and perform codebook based precoding using the precoder from the UL codebook index by the ULPMI.
Precoder indexes are specified in section section 15.3.9.5.2. When codebook-based uplink precoding is enabled, the codebook of Table 9 shall be used with 2Tx, and the codebook subset of Table 13 shall be used with 4Tx.

Downlink pilot based precoding is also supported in TDD. In this case, the precoder is determined by the MS and it does not need to be known at the BS.
MIMO transmission modes for E-BMS
The downlink transmission mode of E-MBS shall use either transmit diversity with SFBC (as specified for DL MIMO_Mode = 0), or spatial multiplexing with layer to stream mapping using horizontal encoding and two streams (NS=2). In both cases, open-loop precoding shall follow the procedure specified in section 15.3.6.6.2.1.
Fast feedback channels 
DL post-processing CINR measurement feedback

Post-processing CINR method with MIMO_Mode = 0 (OL SU MIMO)
[TBD]

Post-processing CINR method with MIMO_Mode = 1 (OL SU MIMO)
[TBD]

Post-processing CINR method with MIMO_Mode = 2 (CL SU MIMO)
[TBD]

Post-processing CINR method with MIMO_Mode = 3 on the DL (MU MIMO)
The MS shall measure and report the post-processing average CINR (Avg_CINR).

When codebook-based feedback is used for reporting the PMI, Avg_CINR is calculated at the MS assuming that the interfering MU MIMO users assigned to the same resource by the serving BS are scheduled using precoders orthogonal to each other and orthogonal to the reported PMI. Avg_CINR is calculated on the basis of the use of a linear MMSE filter at the receiver.
Mode selection feedback

When requested by the BS, the MS shall send its selection of MIMO_Mode and MIMO_Rate, or permutation mode on the assigned fast-feedback channel. The MS may only request MIMO_Mode 0, 1 or 2. 
Advanced fast-feedback channels
[TBD]

Effective CINR feedback 
[TBD]
Quantized MIMO feedback for transmit precoding
Introduction
An MS may feedback a Preferred Matrix Index (PMI) to support DL precoding and beamforming.

For codebook-based precoding, the following feedback modes for the PMI are supported:
· The standard mode: the PMI feedback from a MS shall represent an entry of the base codebook. It shall be sufficient for the BS to determine a new precoder.
· The adaptive mode: the PMI feedback from a MS shall represent an entry of the transformed base codebook according to long term channel information.
· The differential mode: the feedback from a MS provides a differential knowledge of the short-term channel information. This feedback represents information that is used along with other feedback information known at the BS for determining a new precoder.
For dual-polarized antenna pairs with 4Tx, the labeling of the BS physical antennas is assumed to be such that rows 1 and 2 of the codebook matrices correspond to one polarization and rows 3 and 4 correspond to the other polarization. This is further clarified in Figure 3 where antenna ports 0 and 1 are vertically polarized and antenna ports 2 and 3 are horizontally polarized. The same applies to +/−45-degree polarized as well as other dual-polarized setups.

[image: image17.emf]BS antenna array

Ant 0Ant 1

Ant 2

Ant 3


Figure 3 – Mapping of codebook matrix rows to the physical antenna ports

Standard codebook-based feedback mode

The base codebook may be used for the feedback to support transmit precoding and beamforming on the DL. It may also be used for uplink precoding when the BS indicates the ULPMI in the USCCH.
The base codebook is a unitary codebook. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix.
The notation Vn(:, :, Nm) denotes a size NT×NT matrix entry of the base codebook for n transmit antennas.

The notation Vn(:, NS, Nm) denotes a size NT×1 column-vector entry of the base codebook for n transmit antennas, corresponding to stream number NS of matrix Vn(:, :, Nm). 
The notation Vn(:, [NS1,NS2,…,NSJ], Nm) denotes a size NT×J matrix entry of the base codebook for n transmit antennas, corresponding to the ordered columns NS1,NS2,…,NSJ of matrix Vn(:, :, Nm).

Base codebook for two transmit antennas
SU MIMO base codebook
The base codebook is constructed from matrices V2(:,:,1), V2(:,:,2), V2(:,:,3) and V2(:,:,4).







[image: image18.wmf](

)

11

1

2:,:,1*

11

2

V

éù

=

êú

-

ëû






(14)






[image: image19.wmf](

)

11

1

2:,:,2*

2

V

jj

éù

=

êú

-

ëû





(15)




[image: image20.wmf](

)

1

111

1

2:,:,3*

(1)(1)(1)

2

222

VW

jjj

éùéù

êúêú

==

++--

êúêú

êúêú

ëûëû




(16)




[image: image21.wmf](

)

2

111

1

2:,:,4*

(1)(1)(1)

2

222

VW

jjj

éùéù

êúêú

==

+-+-

êúêú

êúêú

ëûëû




(17)
The SU MIMO base codebook is specified in Table 9.

Table 9 – SU MIMO 2Tx base codebook
	Codebook Matrix Index (CMI)
	Rank 1
	Rank 2

	1
	C1,1 = V2(:,1,1)
	C1,2 = V2(:,[1,2],1)

	2
	C2,1 = V2(:,2,1)
	C2,2 = V2(:,[1,2],2)

	3
	C1,1 = V2(:,1,2)
	C3,2 = V2(:,[1,2],3)

	4
	C4,1 = V2(:,2,2)
	C4,2 = V2(:,[1,2],4)

	5
	C5,1 = V2(:,1,3)
	n/a

	6
	C6,1 = V2(:,2,3)
	n/a

	7
	C7,1 = V2(:,1,4)
	n/a

	8
	C8,1 = V2(:,2,4)
	n/a


MU MIMO base codebook
The MU MIMO base codebook is the SU MIMO rank-1 base codebook, or a subset of the SU MIMO rank-1 base codebook, as specified in Table 10.
Table 10 – Rank 1 MU MIMO 2bit 2Tx base codebook subset
	Codebook Matrix Index (CMI)
	Rank 1

	1
	V2(:,1,1)

	2
	V2(:,2,1)

	3
	V2(:,1,2)

	4
	V2(:,2,2)


Base codebook for four transmit antennas
SU MIMO base codebook
The base codebook is constructed from 16 matrices V4(:,:,n), n = 1…16, as specified in Table 11.
Table 11 – Rank-4 matrices of the 6bit 4Tx base codebook
	
	
	Column 1
	Column 2
	Column 3
	Column 4

	V4(:,:,1)
	Tx1
	0.5000
	0.5000
	0.5000
	0.5000

	
	Tx2
	0.5000
	0.5000
	-0.5000
	-0.5000i

	
	Tx3
	0.5000
	-0.5000
	0.5000
	-0.5000

	
	Tx4
	0.5000
	-0.5000
	-0.5000
	0.5000i

	V4(:,:,2)
	Tx1
	0.5000 
	0.5000 
	0.5000 
	0.5000

	
	Tx2
	0.3536+0.3536i 
	-0.3536+0.3536i 
	-0.3536-0.3536i 
	0.3536-0.3536i

	
	Tx3
	0.5000i 
	-0.5000i 
	0.5000i 
	-0.5000i

	
	Tx4
	-0.3536+0.3536i 
	0.3536+0.3536i 
	0.3536-0.3536i 
	-0.3536-0.3536i

	V4(:,:,3)
	Tx1
	0.4619+0.1913i 
	-0.1913+0.4619i 
	-0.4619-0.1913i 
	0.1913-0.4619i

	
	Tx2
	0.4455-0.2270i 
	0.4455-0.2270i 
	0.4455-0.2270i 
	0.4455-0.2270i

	
	Tx3
	-0.1167+0.4862i 
	0.4862+0.1167i 
	0.1167-0.4862i 
	-0.4862-0.1167i

	
	Tx4
	0.2939+0.4045i 
	-0.2939-0.4045i 
	0.2939+0.4045i 
	-0.2939-0.4045i

	V4(:,:,4)
	Tx1
	-0.5000 
	-0.5000 
	-0.5000
	-0.5000

	
	Tx2
	0.4985-0.0392i 
	0.0392+0.4985i 
	-0.4985+0.0392i 
	-0.0392-0.4985i

	
	Tx3
	0.4938-0.0782i 
	-0.4938+0.0782i 
	0.4938-0.0782i 
	-0.4938+0.0782i

	
	Tx4
	-0.4862+0.1167i 
	0.1167+0.4862i 
	0.4862-0.1167i 
	-0.1167-0.4862i

	V4(:,:,5)
	Tx1
	0.5000 
	0.5000 
	0.5000 
	0.5000 

	
	Tx2
	0.4619+0.1913i 
	-0.1913+0.4619i 
	-0.4619-0.1913i 
	0.1913-0.4619i

	
	Tx3
	0.3536+0.3536i 
	-0.3536-0.3536i 
	0.3536+0.3536i 
	-0.3536-0.3536i

	
	Tx4
	0.1913+0.4619i 
	0.4619-0.1913i 
	-0.1913-0.4619i 
	-0.4619+0.1913i

	V4(:,:,6)
	Tx1
	0.5000 
	0.5000 
	0.5000 
	0.5000 

	
	Tx2
	0.1913+0.4619i 
	-0.4619+0.1913i 
	-0.1913-0.4619i 
	0.4619-0.1913i

	
	Tx3
	-0.3536+0.3536i 
	0.3536-0.3536i 
	-0.3536+0.3536i 
	0.3536-0.3536i

	
	Tx4
	-0.4619-0.1913i 
	-0.1913+0.4619i 
	0.4619+0.1913i 
	0.1913-0.4619i

	V4(:,:,7)
	Tx1
	0.2437+0.4837i 
	0.4258+0.0076i 
	0.5210-0.4265i 
	-0.2364-0.1268i

	
	Tx2
	0.5740-0.3102i 
	0.0596+0.3222i 
	0.2922+0.0454i 
	0.6147+0.0409i

	
	Tx3
	0.2823-0.3783i 
	-0.4186+0.1136i 
	0.3628+0.1522i 
	-0.6500-0.1085i

	
	Tx4
	0.2062+0.1248i 
	0.1513+0.7073i 
	-0.5498-0.0464i 
	-0.2340-0.2440i

	V4(:,:,8)
	Tx1
	0.0591-0.4953i 
	0.0742+0.2714i 
	0.3370+0.2000i 
	-0.1041-0.7125i

	
	Tx2
	0.5545+0.3908i 
	-0.0591-0.0963i 
	0.2158+0.4089i 
	-0.5589+0.0299i

	
	Tx3
	0.2593-0.0234i 
	-0.5800-0.1645i 
	-0.2363-0.5965i 
	-0.2149-0.3331i

	
	Tx4
	0.3300+0.3380i 
	0.4619+0.5755i 
	0.0175-0.4698i 
	0.0748-0.0748i

	V4(:,:,9)
	Tx1
	0.5019-0.2171i 
	0.2121-0.4391i 
	0.4649+0.1545i 
	-0.4709+0.0383i

	
	Tx2
	0.0570+0.3132i 
	0.3637+0.1907i 
	0.5971-0.5122i 
	0.3285+0.0569i

	
	Tx3
	0.2569-0.1797i 
	0.0539-0.3157i 
	-0.0025+0.3671i 
	0.8042+0.1327i

	
	Tx4
	0.6949+0.1358i 
	-0.5835+0.3879i 
	0.0058-0.0797i 
	0.0341+0.0124i

	V4(:,:,10)
	Tx1
	0.2199+0.3199i 
	0.6305-0.4345i 
	-0.0525+0.2357i 
	-0.3110-0.3286i

	
	Tx2
	0.5983+0.1264i 
	-0.0683+0.2985i 
	0.5833+0.2614i 
	0.2969-0.1888i

	
	Tx3
	-0.5576-0.2903i 
	-0.0495-0.3235i 
	0.3552+0.3750i 
	0.2888-0.3841i

	
	Tx4
	-0.0940-0.2672i 
	-0.0481+0.4588i 
	0.0118+0.5160i 
	-0.6633-0.0260i

	V4(:,:,11)
	Tx1
	0.4534+0.1075i 
	0.2632+0.4348i 
	0.1838+0.6429i 
	0.2307+0.1558i

	
	Tx2
	-0.0163+0.7556i 
	0.3698-0.0222i 
	0.0055-0.3112i 
	0.3467-0.2728i

	
	Tx3
	0.0681+0.3202i 
	-0.4066-0.6110i 
	0.3882+0.2198i 
	0.1705+0.3551i

	
	Tx4
	0.1259+0.2977i 
	0.0347+0.2542i 
	0.4482-0.2369i 
	-0.7319+0.1924i

	V4(:,:,12)
	Tx1
	0.0534-0.5633i 
	-0.4493+0.3172i 
	-0.3346+0.1479i 
	-0.4868-0.0811i

	
	Tx2
	-0.1472-0.1184i 
	-0.5422+0.3203i 
	0.2302-0.4770i 
	0.4913+0.2140i

	
	Tx3
	-0.7445+0.0533i 
	-0.1168-0.4073i 
	-0.1288-0.3642i 
	-0.2957-0.1634i

	
	Tx4
	0.2881-0.0638i 
	0.3438+0.0562i 
	-0.1358-0.6465i 
	-0.3579+0.4766i

	V4(:,:,13)
	Tx1
	0.4192+0.3317i 
	0.6462-0.3049i 
	0.1765-0.0924i 
	0.3680+0.1691i

	
	Tx2
	-0.2340+0.0529i 
	-0.0388-0.4789i 
	0.6212-0.0425i 
	-0.5223+0.2262i

	
	Tx3
	0.0491-0.2199i 
	-0.2962+0.1142i 
	0.5130+0.5000i 
	0.5366+0.2175i

	
	Tx4
	-0.7746+0.0772i 
	0.1089-0.3821i 
	-0.2395+0.0459i 
	0.4196+0.0255i

	V4(:,:,14)
	Tx1
	0.0848+0.2248i 
	0.5883+0.1906i 
	-0.4550-0.1147i 
	-0.5202+0.2628i

	
	Tx2
	-0.2010+0.7357i 
	-0.0481-0.2343i 
	-0.3923+0.0511i 
	0.3107-0.3288i

	
	Tx3
	0.3862+0.2270i 
	0.2323+0.5375i 
	0.1654-0.1078i 
	0.6089+0.2161i

	
	Tx4
	-0.3114+0.2509i 
	0.4661+0.0138i 
	0.6358+0.4245i 
	-0.1325-0.1438i

	V4(:,:,15)
	Tx1
	0.3968-0.0671i 
	0.3110+0.1356i 
	-0.2168-0.4540i 
	-0.6008-0.3299i

	
	Tx2
	-0.8289-0.0667i 
	-0.2015+0.0416i 
	0.1102-0.2871i 
	-0.4011-0.1031i

	
	Tx3
	0.1770-0.1687i 
	-0.3325-0.1370i 
	0.0567-0.7634i 
	0.2785+0.3837i

	
	Tx4
	-0.2814+0.0866i 
	0.7347-0.4165i 
	-0.0390-0.2544i 
	0.3519-0.1000i

	V4(:,:,16)
	Tx1
	0.0743-0.7846i 
	-0.4063+0.3394i 
	-0.2621+0.0798i 
	0.1421+0.0583i

	
	Tx2
	0.1307-0.3436i 
	0.2466+0.0922i 
	0.4783-0.5634i 
	-0.0799-0.4928i

	
	Tx3
	-0.3387-0.2385i 
	-0.4080-0.5055i 
	0.5212+0.1951i 
	-0.2917+0.1078i

	
	Tx4
	-0.0962+0.2508i 
	-0.4767-0.0347i 
	-0.2418+0.1026i 
	-0.0231-0.7937i


The codebooks for rank 1, 2, 3 and 4 are given by column subset selection of the aforementioned 54 matrices. Mapping from the 54 matrices to rank 1, rank 2, rank 3 and rank 4 base codebooks is specified in Table 12.

Table 12 - Ranks 1, 2, 3 and 4 SU MIMO 6bit 4Tx base codebook

	Codebook Matrix Index (CMI)
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	1
	V4(:,1,1)
	V4(:,[1,2],1)
	V4(:,[1,2,3],1)
	V4(:,:,1)

	2
	V4(:,2,1)
	V4(:,[1,3],1)
	V4(:,[1,2,4],1)
	V4(:,:,2)

	3
	V4(:,3,1)
	V4(:,[1,4],1)
	V4(:,[1,3,4],1)
	V4(:,:,3)

	4
	V4(:,4,1)
	V4(:,[2,3],1)
	V4(:,[2,3,4],1)
	V4(:,:,4)

	5
	V4(:,1,2)
	V4(:,[2,4],1)
	V4(:,[1,2,3],2)
	V4(:,:,5)

	6
	V4(:,2,2)
	V4(:,[3,4],1)
	V4(:,[1,2,4],2)
	V4(:,:,6)

	7
	V4(:,3,2)
	V4(:,[1,2],2)
	V4(:,[1,3,4],2)
	V4(:,:,7)

	8
	V4(:,4,2)
	V4(:,[1,3],2)
	V4(:,[2,3,4],2)
	V4(:,:,8)

	9
	V4(:,1,3)
	V4(:,[1,4],2)
	V4(:,[1,2,3],3)
	V4(:,:,9)

	10
	V4(:,2,3)
	V4(:,[2,3],2)
	V4(:,[1,2,4],3)
	V4(:,:,10)

	11
	V4(:,3,3)
	V4(:,[2,4],2)
	V4(:,[1,3,4],3)
	V4(:,:,11)

	12
	V4(:,4,3)
	V4(:,[3,4],2)
	V4(:,[2,3,4],3)
	V4(:,:,12)

	13
	V4(:,1,4)
	V4(:,[1,4],3)
	V4(:,[1,2,3],4)
	V4(:,:,13)

	14
	V4(:,2,4)
	V4(:,[2,3],3)
	V4(:,[1,2,4],4)
	V4(:,:,14)

	15
	V4(:,3,4)
	V4(:,[1,2],4)
	V4(:,[1,3,4],4)
	V4(:,:,15)

	16
	V4(:,4,4)
	V4(:,[1,4],4)
	V4(:,[2,3,4],4)
	V4(:,:,16)

	17
	V4(:,1,5)
	V4(:,[1,2],5)
	V4(:,[1,2,3],5)
	n/a

	18
	V4(:,2,5)
	V4(:,[1,3],6)
	V4(:,[1,2,4],5)
	n/a

	19
	V4(:,3,5)
	V4(:,[2,3],6)
	V4(:,[1,3,4],5)
	n/a

	20
	V4(:,4,5)
	V4(:,[2,4],6)
	V4(:,[2,3,4],5)
	n/a

	21
	V4(:,1,6)
	V4(:,[1,2],7)
	V4(:,[1,2,3],6)
	n/a

	22
	V4(:,2,6)
	V4(:,[1,3],7)
	V4(:,[1,2,4],6)
	n/a

	23
	V4(:,3,6)
	V4(:,[1,4],7)
	V4(:,[1,3,4],6)
	n/a

	24
	V4(:,4,6)
	V4(:,[2,3],7)
	V4(:,[2,3,4],6)
	n/a

	25
	V4(:,1,7)
	V4(:,[2,4],7)
	V4(:,[1,2,3],7)
	n/a

	26
	V4(:,2,7)
	V4(:,[3,4],7)
	V4(:,[1,2,4],7)
	n/a

	27
	V4(:,3,7)
	V4(:,[1,2],8)
	V4(:,[1,3,4],7)
	n/a

	28
	V4(:,4,7)
	V4(:,[1,3],8)
	V4(:,[2,3,4],7)
	n/a

	29
	V4(:,1,8)
	V4(:,[1,4],8)
	V4(:,[1,2,3],8)
	n/a

	30
	V4(:,2,8)
	V4(:,[2,3],8)
	V4(:,[1,2,4],8)
	n/a

	31
	V4(:,3,8)
	V4(:,[2,4],8)
	V4(:,[1,3,4],8)
	n/a

	32
	V4(:,4,8)
	V4(:,[3,4],8)
	V4(:,[2,3,4],8)
	n/a

	32
	V4(:,1,9)
	V4(:,[1,2],9)
	V4(:,[1,2,3],9)
	n/a

	34
	V4(:,2,9)
	V4(:,[1,3],9)
	V4(:,[1,2,4],9)
	n/a

	35
	V4(:,3,9)
	V4(:,[2,3],9)
	V4(:,[1,3,4],9)
	n/a

	36
	V4(:,4,9)
	V4(:,[2,4],9)
	V4(:,[2,3,4],9)
	n/a

	37
	V4(:,1,10)
	V4(:,[1,3],10)
	V4(:,[1,2,3],10)
	n/a

	38
	V4(:,2,10)
	V4(:,[2,4],10)
	V4(:,[1,2,4],10)
	n/a

	39
	V4(:,3,10)
	V4(:,[3,4],10)
	V4(:,[1,3,4],10)
	n/a

	40
	V4(:,4,10)
	V4(:,[1,2],11)
	V4(:,[2,3,4],10)
	n/a

	41
	V4(:,1,11)
	V4(:,[1,3],11)
	V4(:,[1,2,3],11)
	n/a

	42
	V4(:,2,11)
	V4(:,[1,4],11)
	V4(:,[1,2,4],11)
	n/a

	43
	V4(:,3,11)
	V4(:,[2,3],11)
	V4(:,[1,3,4],11)
	n/a

	44
	V4(:,4,11)
	V4(:,[2,4],11)
	V4(:,[2,3,4],11)
	n/a

	45
	V4(:,1,12)
	V4(:,[3,4],11)
	V4(:,[1,2,3],12)
	n/a

	46
	V4(:,2,12)
	V4(:,[1,2],12)
	V4(:,[1,2,4],12)
	n/a

	47
	V4(:,3,12)
	V4(:,[1,3],12)
	V4(:,[1,3,4],12)
	n/a

	48
	V4(:,4,12)
	V4(:,[2,3],12)
	V4(:,[2,3,4],12)
	n/a

	49
	V4(:,1,13)
	V4(:,[1,2],13)
	V4(:,[1,2,3],13)
	n/a

	50
	V4(:,2,13)
	V4(:,[1,4],13)
	V4(:,[1,2,4],13)
	n/a

	51
	V4(:,3,13)
	V4(:,[2,4],13)
	V4(:,[1,3,4],13)
	n/a

	52
	V4(:,4,13)
	V4(:,[3,4],13)
	V4(:,[2,3,4],13)
	n/a

	53
	V4(:,1,14)
	V4(:,[1,2],14)
	V4(:,[1,2,3],14)
	n/a

	54
	V4(:,2,14)
	V4(:,[1,3],14)
	V4(:,[1,2,4],14)
	n/a

	55
	V4(:,3,14)
	V4(:,[1,4],14)
	V4(:,[1,3,4],14)
	n/a

	56
	V4(:,4,14)
	V4(:,[2,3],14)
	V4(:,[2,3,4],14)
	n/a

	57
	V4(:,1,15)
	V4(:,[2,4],14)
	V4(:,[1,2,3],15)
	n/a

	58
	V4(:,2,15)
	V4(:,[3,4],14)
	V4(:,[1,2,4],15)
	n/a

	59
	V4(:,3,15)
	V4(:,[1,4],15)
	V4(:,[1,3,4],15)
	n/a

	60
	V4(:,4,15)
	V4(:,[2,3],15)
	V4(:,[2,3,4],15)
	n/a

	61
	V4(:,1,16)
	V4(:,[1,3],16)
	V4(:,[1,2,3],16)
	n/a

	62
	V4(:,2,16)
	V4(:,[2,3],16)
	V4(:,[1,2,4],16)
	n/a

	63
	V4(:,3,16)
	V4(:,[2,4],16)
	V4(:,[1,3,4],16)
	n/a

	64
	V4(:,4,16)
	V4(:,[3,4],16)
	V4(:,[2,3,4],16)
	n/a


The 4-bit base codebook is a subset of the 6-bit base codebook as specified in Table 13. It is obtained by taking the first 16 codewords of rank-1, 2 and 3 codebooks and the first 4 codewords of rank 4 in Table 12.
Table 13 - Ranks 1, 2, 3 and 4 SU MIMO 4bit 4Tx base codebook subset
	Codebook Matrix Index (CMI)
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	1
	V4(:,1,1)
	V4(:,[1,2],1)
	V4(:,[1,2,3],1)
	V4(:,:,1)

	2
	V4(:,2,1)
	V4(:,[1,3],1)
	V4(:,[1,2,4],1)
	V4(:,:,2)

	3
	V4(:,3,1)
	V4(:,[1,4],1)
	V4(:,[1,3,4],1)
	V4(:,:,3)

	4
	V4(:,4,1)
	V4(:,[2,3],1)
	V4(:,[2,3,4],1)
	V4(:,:,4)

	5
	V4(:,1,2)
	V4(:,[2,4],1)
	V4(:,[1,2,3],2)
	n/a

	6
	V4(:,2,2)
	V4(:,[3,4],1)
	V4(:,[1,2,4],2)
	n/a

	7
	V4(:,3,2)
	V4(:,[1,2],2)
	V4(:,[1,3,4],2)
	n/a

	8
	V4(:,4,2)
	V4(:,[1,3],2)
	V4(:,[2,3,4],2)
	n/a

	9
	V4(:,1,3)
	V4(:,[1,4],2)
	V4(:,[1,2,3],3)
	n/a

	10
	V4(:,2,3)
	V4(:,[2,3],2)
	V4(:,[1,2,4],3)
	n/a

	11
	V4(:,3,3)
	V4(:,[2,4],2)
	V4(:,[1,3,4],3)
	n/a

	12
	V4(:,4,3)
	V4(:,[3,4],2)
	V4(:,[2,3,4],3)
	n/a

	13
	V4(:,1,4)
	V4(:,[1,4],3)
	V4(:,[1,2,3],4)
	n/a

	14
	V4(:,2,4)
	V4(:,[2,3],3)
	V4(:,[1,2,4],4)
	n/a

	15
	V4(:,3,4)
	V4(:,[1,2],4)
	V4(:,[1,3,4],4)
	n/a

	16
	V4(:,4,4)
	V4(:,[1,4],4)
	V4(:,[2,3,4],4)
	n/a


MU MIMO base codebook
The MU MIMO base codebook is the SU MIMO rank-1 base codebook, or a subset of the SU MIMO rank-1 base codebook as specified in Table 14.
Table 14 – Rank 1 MU MIMO 3bit 4Tx base codebook for common pilot usage
	Codebook Matrix Index (CMI)
	Rank 1

	1
	V4(:,1,1)

	2
	V4(:,2,1)

	3
	V4(:,3,1)

	4
	V4(:,4,1)

	5
	V4(:,1,2)

	6
	V4(:,2,2)

	7
	V4(:,3,2)

	8
	V4(:,4,2)


Base codebook for eight transmit antennas
SU MIMO base codebook
The base codebook is constructed from two matrices V8(:,:,1) and V8(:,:,2), which are constructed as described below. 
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()
The two rank-8 matrices are
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The 4bits 8Tx base codebook is constructed from the two 8×8 base matrices and is specified in Table 15. Note that only the column indices of the corresponding base matrices are shown in Table 15 for brevity.
Table 15 – SU MIMO 4bit 8Tx base codebook
	Base Matrix
	Codebook Matrix Index (CMI)
	Rank1
	Rank2
	Rank3
	Rank4
	Rank5
	Rank6
	Rank7
	Rank8
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	1
	1
	1 5
	1 3 5
	1537
	12357
	123567
	1234567
	12345678

	
	2
	2
	2 6
	2 4 6
	2648
	12468
	124568
	1234568
	n/a

	
	3
	3
	3 7
	2 3 7
	3726
	23467
	234678
	1234678
	n/a

	
	4
	4
	4 8
	1 4 8
	4815
	13458
	134578
	1234578
	n/a

	
	5
	5
	5 3
	3 5 7
	5372
	23567
	234567
	2345678
	n/a

	
	6
	6
	4 6
	4 6 8
	6481
	14568
	134568
	1345678
	n/a

	
	7
	7
	2 7
	2 6 7
	7264
	24678
	124678
	1245678
	n/a

	
	8
	8
	8 1
	1 5 8
	8153
	13578
	123578
	1235678
	n/a
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	9
	1
	1 3
	1 2 3
	1234
	12345
	123456
	1234567
	12345678

	
	10
	2
	2 4
	1 2 4
	1246
	12456
	124567
	1245678
	n/a

	
	11
	3
	2 3
	2 3 4
	2437
	23478
	123478
	1234578
	n/a

	
	12
	4
	1 4
	1 3 4
	1348
	13478
	134678
	1234678
	n/a

	
	13
	5
	5 8
	5 7 8
	3578
	23578
	235678
	1235678
	n/a

	
	14
	6
	6 7
	6 7 8
	4678
	14678
	145678
	1345678
	n/a

	
	15
	7
	5 7
	5 7 6
	5678
	35678
	345678
	2345678
	n/a

	
	16
	8
	6 8
	5 6 8
	1568
	13568
	123568
	1234568
	n/a


MU MIMO base codebook
The MU MIMO base codebook is the SU MIMO rank-1 base codebook.
Codebook subset selection
Codebook subset selection with MIMO_Mode = 2 (CL SU MIMO)
When the BS is equipped with four transmitting antennas, it may indicate the selection of the 4bit subset of the base codebook in the USCCH.
Codebook subset selection with MIMO_Mode = 3 (MU MIMO)
When the BS is equipped with two or four transmitting antennas, it may indicate the selection of the subset of the base codebook in the USCCH.
Adaptive codebook-based feedback mode
The base codebooks for SU and MU MIMO specified in sections 15.3.9.5.2.1, 15.3.9.5.2.2 and 15.3.9.5.2.3 can be transformed as a function of the BS transmit covariance matrix.
Following the labeling of the antennas specified in section 15.3.9.5.1, the channel matrix can always be organized such that 
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The codebook transformation is MS-specific and the procedure differs depending on the transmission rank and the MIMO mode.
The transformation of the rank-1 SU MIMO base codebook and MU-MIMO base codebook follows the procedure described below:

· Step 1: Divide the rank-1 base codebook (made of N codewords) into 2 subsets C1 (whose codewords are denoted as 
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) of size N/2 respectively. {note: subsets C1 and C2 are TBD once the base codebook has been decided.}
· Step 2: The transformed codebook is obtained as 
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   where x is a constant and its specific value is TBD.
The same transform procedure shall be performed both at the BS and MS, producing the same codebook at the BS and MS after transformation.
For transformation of rank >1 SU MIMO codebook, the procedure is TBD.

R1 and R2 are estimated and quantized at the MS and reported to the BS via uplink data channel in an MAC message format or via uplink physical control channel. Moreover, R1 and R2 can be estimated and quantized at the BS and informed to the MS via downlink data channel in an MAC message format or via downlink physical control channel. Specifically, Rk (k=1,2) is quantized into N+S bit-form where N and S represent magnitude and phase information of correlation coefficients, respectively as 
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Where 
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 is TBD. The details of  the feedback and control channels used to convey Rk are TBD. 

Any improvements to reduce the feedback overhead of R1 and R2 is FFS.
Differential codebook-based feedback mode
The general procedure of differential feedback scheme can be described as below. 
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At time Tmax+1, the process is reset and 
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 is fixed to 0 again.
The rotation and differential codebook are constructed according to the following 2-step procedure.
Firstly, we construct an equally spaced finite set differential codebook, 
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For four transmit antennas at BS, we recommend the following structure of those unitary matrices
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where
[image: image51.wmf]D

is the 
[image: image52.wmf]tt

NN

´

 DFT matrix and

[image: image53.wmf]{

}

1

2

2/2

2/2

2/2

00

00

,1,2,,2

0

000

B

B

B

N

t

j

j

B

i

j

e

e

e

pf

pf

pf

f

éù

êú

êú

=Î

êú

êú

êú

ëû

Φ

L

L

L

MMO







(35)

The following values for 
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 with 4Tx antennas at the BS are specified in Table 16.
Table 16 – Cardinality of the differential codebook with 4Tx at BS
	Cardinality of
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	B=3
	[2,4,5,6]

	B=4
	[1,3,4,8]


Secondly, the rotation codebook is then build using the following operations:

1. Generate the matrix for 
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where ρ is an effective time correlation coefficient. 
2. Then, take 
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3. Let us define the SVD of 
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, then the solution of the above optimization problem can be given as 
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4. Construct the rotation codebook (adapted to current ρ value)
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The unitary matrices for 2Tx antennas at BS with ρ=0.95 are specified in Table 17.
Table 17 – Unitary matrices of the 2Tx differential codebook
	Index i of
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	Column 1
	Column 2

	1
	0.9498+0.2064i
	0.2347+0.0128i

	
	-0.2345+0.0164i
	0.9465-0.2211i

	2
	0.9505+0.2699i
	0.0165+0.1528i

	
	-0.0142+0.1530i
	0.9463-0.2844i

	3
	0.9485-0.2861i
	0.1357+0.0067i

	
	-0.1357+0.0083i
	0.9519+0.2747i

	4
	0.9699+0.1789i
	-0.0374-0.1609i

	
	0.0269-0.1630i
	0.9561-0.2419i

	5
	0.9454+0.0369i
	-0.2368+0.2209i

	
	0.2358+0.2220i
	0.9456-0.0325i

	6
	0.9744+0.0209i
	0.1499+0.1665i

	
	-0.1702+0.1457i
	0.9688+0.1056i

	7
	0.9560-0.2786i
	-0.0767+0.0503i

	
	0.0894+0.0201i
	0.9929-0.0752i

	8
	0.9508+0.3097i
	-0.0117+0.0012i

	
	0.0087+0.0079i
	0.9478+0.3187i


The unitary matrices for 4Tx antennas at BS with ρ=0.9 are specified in Table 18.
Table 18 – Unitary matrices of the 4Tx differential codebook
	Index i of
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	Column 1
	Column 2
	Column 3
	Column 4

	1
	0.9567+0.0417i
	0.0684+0.1542i
	0.1036+0.1320i
	0.1613+0.0201i

	
	-0.0607+0.1574i
	0.9322+0.0029i
	-0.0257-0.2653i
	0.1414+0.1076i

	
	-0.0823+0.1462i
	0.0777-0.2549i
	0.9183+0.2037i
	-0.0831-0.0956i

	
	-0.1567+0.0431i
	-0.1535+0.0894i
	0.0956-0.0831i
	0.9337-0.2327i

	2
	0.9396+0.1527i
	0.1496+0.1411i
	0.2002+0.0990i
	0.0269+0.0316i

	
	-0.1411+0.1496i
	0.9601-0.1555i
	-0.0529-0.0251i
	0.0827-0.0380i

	
	-0.2116+0.0715i
	-0.0196-0.0552i
	0.9374+0.0301i
	0.2570+0.0326i

	
	0.0414+0.0033i
	-0.0853-0.0316i
	-0.2570-0.0326i
	0.9309+0.2374i

	3
	0.9270+0.2411i
	0.1542+0.0992i
	0.0476+0.0346i
	0.1618+0.1392i

	
	-0.1791+0.0389i
	0.9221-0.1792i
	0.1375+0.1618i
	-0.0412+0.1927i

	
	-0.0308-0.0502i
	-0.0969+0.1890i
	0.9140-0.2683i
	-0.1277+0.1667i

	
	-0.1905+0.0962i
	0.0356+0.1938i
	0.1667+0.1277i
	0.9076-0.2188i

	4
	0.9604+0.1704i
	-0.0114+0.0036i
	-0.1093+0.0930i
	-0.1359+0.0969i

	
	0.0114-0.0036i
	0.9839-0.0091i
	0.0741+0.0750i
	-0.0930-0.1093i

	
	0.0930+0.1093i
	-0.0750+0.0741i
	0.9839-0.0091i
	-0.0036-0.0114i

	
	0.0969+0.1359i
	0.1093-0.0930i
	-0.0036-0.0114i
	0.9604+0.1704i

	5
	0.9301+0.2281i
	-0.1266+0.0364i
	-0.0870+0.2160i
	0.0718+0.0782i

	
	0.1153+0.0638i
	0.9717+0.1710i
	-0.0708-0.0456i
	-0.0410+0.0214i

	
	0.0023+0.2329i
	0.0692-0.0479i
	0.9301+0.2341i
	-0.1037-0.0895i

	
	-0.0448+0.0963i
	0.0460-0.0041i
	0.0895-0.1037i
	0.9681-0.1749i

	6
	0.9239+0.2135i
	-0.1679+0.1484i
	0.0788+0.1302i
	-0.1501+0.0700i

	
	0.1484+0.1679i
	0.8870+0.2301i
	-0.2150-0.0813i
	0.1032-0.2157i

	
	-0.0364+0.1478i
	0.2095-0.0946i
	0.9337+0.0799i
	0.2139-0.0078i

	
	0.1556+0.0567i
	-0.0796-0.2255i
	-0.2139+0.0078i
	0.9046+0.2265i

	7
	0.9319+0.1518i
	-0.1110+0.2491i
	-0.1561-0.0682i
	-0.0041+0.0721i

	
	0.0976+0.2546i
	0.9190-0.1100i
	0.0859-0.0053i
	0.1625+0.1876i

	
	0.1227-0.1181i
	-0.0773+0.0378i
	0.9244-0.2914i
	-0.0789+0.1342i

	
	-0.0313+0.0650i
	-0.1111+0.2219i
	0.1342+0.0789i
	0.9192-0.2529i

	8
	0.9222-0.0386i
	0.0068-0.0794i
	-0.2353-0.0095i
	-0.2918-0.0321i

	
	0.0068-0.0794i
	0.9475-0.2510i
	0.1789-0.0132i
	-0.0229+0.0158i

	
	0.2353+0.0095i
	-0.1789+0.0132i
	0.9538+0.0073i
	-0.0384+0.0335i

	
	0.2918+0.0321i
	0.0229-0.0158i
	-0.0384+0.0335i
	0.9286+0.2197i

	9
	0.9446-0.1610i
	-0.0810-0.1798i
	-0.1478+0.0594i
	0.0299-0.1293i

	
	0.0699-0.1844i
	0.9625-0.0688i
	0.0910+0.0229i
	-0.0815+0.1209i

	
	0.1114+0.1138i
	-0.0753-0.0560i
	0.9201+0.2943i
	-0.1084-0.1446i

	
	-0.0218-0.1309i
	0.0805+0.1215i
	0.1446-0.1084i
	0.9396-0.2135i

	10
	0.9250-0.2107i
	-0.1449-0.1273i
	0.0807-0.1338i
	-0.1800-0.0778i

	
	0.1273-0.1449i
	0.9360+0.1128i
	-0.1854+0.0814i
	-0.0832-0.1614i

	
	-0.0375-0.1517i
	0.1886+0.0735i
	0.9310-0.0770i
	0.2485+0.0158i

	
	0.1823-0.0723i
	0.0553-0.1730i
	-0.2485-0.0158i
	0.9047+0.2194i

	11
	0.9006-0.2267i
	-0.1948-0.1068i
	-0.0646-0.2283i
	0.0718-0.1632i

	
	0.2133-0.0622i
	0.9135+0.2858i
	-0.1600+0.0722i
	0.0549-0.0275i

	
	0.0277-0.2357i
	0.1279+0.1202i
	0.9104-0.2221i
	-0.1069+0.1526i

	
	-0.1234-0.1288i
	-0.0402+0.0464i
	0.1526+0.1069i
	0.9197-0.2895i

	12
	0.9550-0.2020i
	0.0700+0.0209i
	-0.0886-0.0854i
	-0.1024-0.1278i

	
	-0.0700-0.0209i
	0.9582-0.0280i
	0.1337-0.1239i
	0.1703-0.1161i

	
	0.0854-0.0886i
	-0.1239-0.1337i
	0.9739-0.0005i
	-0.0366+0.0425i

	
	0.1278-0.1024i
	-0.1161-0.1703i
	-0.0366+0.0425i
	0.9197+0.2859i

	13
	0.9274-0.2418i
	0.1685-0.1020i
	0.0488-0.0343i
	0.1475-0.1320i

	
	-0.1913-0.0470i
	0.8936-0.2315i
	0.1478-0.1782i
	0.0584+0.2282i

	
	-0.0320+0.0504i
	-0.1081-0.2047i
	0.9136+0.2671i
	-0.1133-0.1548i

	
	-0.1784-0.0857i
	-0.0333+0.2332i
	0.1548-0.1133i
	0.9054-0.2207i

	14
	0.9423-0.1401i
	0.1080-0.1272i
	0.2190-0.0917i
	-0.0019-0.0903i

	
	-0.1272-0.1080i
	0.9538-0.1788i
	-0.0429+0.1382i
	-0.0972-0.0097i

	
	-0.2197-0.0900i
	0.0674+0.1280i
	0.9094-0.0778i
	0.2982+0.0256i

	
	0.0625-0.0652i
	0.0756-0.0619i
	-0.2982-0.0256i
	0.9202+0.2141i

	15
	0.9469-0.0481i
	0.0945-0.1362i
	0.1041-0.1137i
	0.2171-0.0514i

	
	-0.0295-0.1632i
	0.9480+0.1088i
	-0.0542+0.2172i
	-0.1063+0.0254i

	
	-0.0652-0.1397i
	0.0330+0.2214i
	0.9082-0.2293i
	-0.1367+0.1734i

	
	-0.2203-0.0356i
	0.0641+0.0885i
	0.1734+0.1367i
	0.9103-0.2466i

	16
	1.0000+0.0000i
	-0.0000-0.0000i
	0.0000-0.0000i
	0.0000-0.0000i

	
	0-0.0000i
	0.9500+0.2179i
	0.0000+0.0000i
	0.0500-0.2179i

	
	0-0.0000i
	0.0000+0.0000i
	1.0000+0.0000i
	-0.0000+0.0000i

	
	-0.0000-0.0000i
	0.0500-0.2179i
	0.0000+0.0000i
	0.9500+0.2179i


Operation of adaptive and differential codebook-based feedback modes
The adaptive or differential feedback mode may be enabled once the base codebook or a subset of the base codebook has been indicated by the BS in the USCCH. The base codebook or the subset of the base codebook shall not be changed by the BS while the adaptive or differential feedback mode is enabled.
Channel quality measurements 
[TBD]
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