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1. Introduction
The contribution proposes the text of DL/UL MIMO sections to be included in the 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D7 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4].
2. Modifications to the SDD text
The text proposed in this contribution is based on subclauses 11.8 and 11.12 in the IEEE 802.16m SDD [3]. The modifications to the SDD text are summarized below:
· Inserted detailed text and table at the end of Layer to Stream Section (11.8.1.2 and 11.12.1.2 of [3]) to specify the 802.16m layer to stream mapping scheme for open-loop and closed-loop MIMO.
In current SDD [3], the layer to stream mapping employs a circulation-based scheme for both open-loop and closed-loop spatial multiplexing MIMO modes as illustrated in Fig. 1.
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Fig. 1: A circulation-based layer to stream mapping example for spatial multiplexing MIMO mode (48 information bits, 16QAM, code rate 2/3, and 2 streams) in current 16m SDD text [3].

As shown in Fig. 1, the systematic part of the coded bits is distributed evenly over the two effective channels, where one channel could be much worse then the other. In this case, the performance will be dominated by the worse channel; especially half of the relatively more important systematic part of coded bits is placed on it. To remedy this, it is evidenced by Fig. 2 that a “block-based” mapping scheme is easily realized without significant change from the existing transmission framework; therefore, it is very suitable for use in the spatial multiplexing MIMO mode when the channel quality on all streams is available at the transmitter. Note that this information is already available at the transmitter side for the closed-loop MIMO. For the open-loop MIMO, only log2NS bits are needed for reporting. As a result, the block-based layer to stream mapping for closed-loop MIMO should be treated as an alternative to the circulation-based mapping scheme adopted in current SDD [3]. Our study shows that the performance gain using a block-based mapping scheme is observed to be better than conventional circulation-based mapping scheme. For details, please see [5].
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Fig. 2: A block-based layer to stream mapping example for spatial multiplexing MIMO mode (48 information bits, 16QAM, code rate 2/3, and 2 streams).

· Added detailed text, figure and table in MIMO for Multi-cast Broadcast Services Section (11.8.4.2 of [3]) to present a multi-BS MIMO scheme with CDD precoding in the downlink.
In order to enhance frequency diversity gain and thus improve cell-edge user throughput, multiple BSs may collaboratively transmit DL signal with cell-specific cyclic delay diversity (CDD) precoding. This contribution proposes CDD precoding for inclusion in MIMO for Multi-cast Broadcast Services of the 802.16m amendment.
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4. Text proposal for inclusion in the 802.16m amendment
----------------------------------------------  Text Start  ----------------------------------------------
3. Advanced Air Interface
3.1. Physical layer
Introduction
OFDMA symbol description, symbol parameters and transmitted signal
Frame Structure
Reserved
Downlink physical structure
15.3.5.x Downlink MIMO transmission scheme

15.3.5.x.1 Downlink MIMO architecture and data processing

15.3.5.x.1.1 Layer to stream mapping

For open-loop spatial multiplexing and closed-loop SU-MIMO, the number of streams is NS ( min(NT, NR), where NS 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, spatial multiplexing MIMO mode employs vertical encoding (SCW). [The support of horizontal encoding (MCW) for SU-MIMO spatial multiplexing MIMO mode is FFS]. For SU-MIMO, transmit diversity MIMO mode employs vertical encoding (SCW). For MU-MIMO, MCW (or horizontal) encoding is employed at the base-station while only one stream is transmitted to each mobile station.
For open-loop and closed-loop MIMO, circulation-based layer to stream mapping and block-based layer to stream mapping are supported. The block of coded bits after channel encoding, interleaving and puncturing, 
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, where L is the number of coded bits after puncturing. The following table illustrates the layer to stream mapping (in bit level) for open-loop and closed-loop MIMO, where m is the modulation order. After layer to stream mapping, the coded bits on each stream are modulated into symbols.
Table xxx: Layer to stream mapping scheme for open-loop and closed-loop MIMO.
	Mapping scheme
	Layer to stream mapping

	Circulation-based
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	Block-based
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15.3.5.x.2 Advanced features
15.3.5.x.2.1 Multi-BS MIMO
Multi-BS MIMO techniques are supported for improving sector throughput and cell-edge throughput through multi-BS collaborative precoding, network coordinated beamforming, or inter-BS interference nulling. Both open-loop and closed-loop multi-BS MIMO techniques can be considered. For closed-loop multi-BS MIMO, CSI feedback via codebook based feedback or sounding channel will be used. The feedback information may be shared by neighboring base stations via network interface. Mode adaptation between single-BS MIMO and multi-BS MIMO is utilized.
15.3.5.x.2.2 MIMO for multi-cast broadcast services
Open-loop spatial multiplexing schemes as described in 15.3.5.x.x.x.x.x (corresponding to 11.8.2.1.1.2 of [3]) are used for MBS. Support for SCW and MCW is FFS.
No closed-loop MIMO scheme is supported in E-MBS.
In order to enhance frequency diversity gain and thus improve cell-edge user throughput, multiple BSs may collaboratively transmit downlink signal with cell-specific cyclic delay diversity (CDD) precoding. As shown in Figure xxx, coordination of multi-BS transmission is determined and controlled by a radio network controller (RNC) which is connected to BSs through backhaul network. On a given subcarrier/frequency block k, the stream to antenna mapping can be defined using the following equation:
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where y(Cell_ID, k) is cell-specific output of precoder/beamformer, P(Cell_ID, k) is the precoding matrix, S(x(k)) is an STC mapping output, and x(k) is the input layer vector. The subcarrier/frequency block may be one or fractional sub-carrier size of a PRU (FFS).
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Figure xxx: Multi-BS MIMO in downlink transmission with precoding.

The CDD precoding matrices of each antenna configuration for open-loop coordinated multi-BS MIMO are shown in Table yyy, where (n(Cell_ID) denotes the delay factor of the n-th antenna of the associated ABS corresponding to Cell_ID, NS is stream number and NT is antenna number. Furthermore, the delay factor has the form
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where Nco is the number of collaborative ABSs and ( is the basic delay factor. The value of ( is given as
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where Tb is useful symbol time as described in 15.3.2.4 [6].
Table yyy: CDD precoding matrix for open-loop coordinated multi-BS MIMO.
	
	Multi-BS CDD precoding matrix

	
[image: image12.wmf]1

T

S

=

=

N

N


	
[image: image13.wmf](_)

0

2

(_,)

kCellID

N

j

CellIDke

d

p

=

P



	
[image: image14.wmf]2

T

S

=

=

N

N


	
[image: image15.wmf](_)

0

(_)

1

2

2

11

0

1

(_,)

11

2

0

kCellID

N

kCellID

N

j

j

e

CellIDk

e

d

d

p

p

éù

éù

êú

=

êú

-

êú

ëû

ëû

P



	
[image: image16.wmf]2

S

=

N



[image: image17.wmf]4

T

=

N


	
[image: image18.wmf](_)

0

(_)

1

(_)

2

(_)

3

2

2

2

2

000

11

00011

1

(_,)

11

2

000

11

000

kCellID

N

kCellID

N

kCellID

N

kCellID

N

j

j

j

j

e

e

CellIDk

e

e

d

d

d

d

p

p

p

p

éù

éù

êú

êú

êú

-

êú

êú

=

êú

êú

êú

êú

-

êú

ëû

êú

ëû

P




Uplink physical structure
15.3.6.x Uplink MIMO transmission scheme

15.3.6.x.1 Uplink MIMO architecture and data processing

15.3.6.x.1.1 Layer to stream mapping

For open-loop spatial multiplexing and closed-loop SU-MIMO, the number of streams is NS ( min(NT, NR). For open-loop transmit diversity modes, NS depends on the STC schemes employed by the MIMO encoder and its value is specified in 15.3.6.x.x.x (corresponding to 11.12.2.1.1.1 of [3]). For SU-MIMO and MU-MIMO, Vertical encoding (SCW) is employed [Support for MCW is FFS pending decisions in DL MIMO].
The layer to stream mapping depends on the MIMO scheme used. The mapping can be defined using the following equation:
z = S(x)
where z is the output of the MIMO encoder, S(x) is an STC matrix, and x is the input layer vector.
For open-loop and closed-loop MIMO, circulation-based layer to stream mapping and block-based layer to stream mapping are supported. The block of coded bits after channel encoding, interleaving and puncturing, 
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, where L is the number of coded bits after puncturing. Table xxx illustrates the layer to stream mapping (in bit level) for open-loop and closed-loop MIMO. After layer to stream mapping, the coded bits on each stream are modulated into symbols.
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