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Proposed modifications for support of dual streams per AMS in MU-MIMO (16.3.7)
Sangheon Kim, David Mazzarese, Hokyu Choi, Heewon Kang

Samsung Electronics Co., Ltd.
Introduction
This contribution proposes the modification for support of dual streams per AMS in MU-MIMO. By using sounding channels, dual-streams per AMS can be supported in MU-MIMO without any change of feedback scheme. We propose changes required for dual streams support as follows:
· Definition of MIMO Encoding Format (MEF)
· Si field in DL basic assignment A-MAP IE 
Proposed AWD text has been underlined in blue, AWD text that has been deleted has been marked in red and struck through and existing AWD text is shown in black.
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Text Proposal
<Modify the section 16.3.6.5.2.4.1 on line 37, page 395 as shown >
----------------------------------------- Start of the Proposed Text #1 --------------------------------------------
16.3.6.5.2.4.1 DL basic assignment A-MAP IE
Table 812 describes the fields in a DL Basic Assignment A-MAP IE used for resource assignment in the DL.

Definitions of the fields in the DL Basic Assignment A-MAP IE are listed following Table 812.

	Table 812 - DL basic assignment A-MAP IE

	Syntax
	Size in bits 
	Description/Notes

	DL_Basic_Assignment_A-MAP_IE() {
	
	

	A-MAP IE Type
	4
	DL Basic Assignment A-MAP IE

	ISizeOffset
	5
	Offset used to compute burst size index 

	MEF
	2
	MIMO encoder format

0b00: SFBC

0b01: Vertical encoding

0b10: Horizontal Multi-layer encoding
0b11: CDR

	if (MEF == 0b01){
	
	Parameters for vertical encoding

	Mt 
	3
	Number of streams in transmission[image: image1.wmf]M
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Nt : Number of transmit antennas at the ABS

0b000: 1 stream

0b001: 2 streams

0b010: 3 streams

0b011: 4 streams

0b100: 5 streams

0b101: 6 streams

0b110: 7 streams

0b111: 8 streams

	Reserved
	1 2
	Reserved bit

	} else if(MEF == 0b10) {
	
	Parameters for horizontal Multi-layer encoding

	Si
	4 5
	Index used to identify the combination of the number of streams and the allocated pilot stream index in a transmission with MU-MIMO , and the modulation constellation of paired user in the case of 2 stream transmission

0b0000: 2 streams with PSI=stream1 and other modulation =QPSK

0b0001: 2 streams with PSI=stream1 and other modulation =16QAM

0b0010: 2 streams with PSI=stream1 and other modulation =64QAM

0b0011: 2 streams with PSI=stream1 and other modulation information not available

0b0100: 2 streams with PSI=stream2 and other modulation =QPSK

0b0101: 2 streams with PSI=stream2 and other modulation =16QAM

0b0110: 2 streams with PSI=stream2 and other modulation =64QAM

0b0111: 2 streams with PSI=stream2 and other modulation information not available

0b1000: 3 streams with PSI=stream1 

0b1001: 3 streams with PSI=stream2 

0b1010: 3 streams with PSI=stream3 

0b1011: 4 streams with PSI=stream1 

0b1100: 4 stream with PSI=stream2 

0b1101: 4 streams with PSI=stream3

0b1110: 4 streams with PSI=stream4

0b1111: n/a
0b00000: 2 streams with PSI=stream1 and other modulation =QPSK

0b00001: 2 streams with PSI=stream1 and other modulation =16QAM

0b00010: 2 streams with PSI=stream1 and other modulation =64QAM

0b00011: 2 streams with PSI=stream1 and other modulation information not available

0b00100: 2 streams with PSI=stream2 and other modulation =QPSK

0b00101: 2 streams with PSI=stream2 and other modulation =16QAM

0b00110: 2 streams with PSI=stream2 and other modulation =64QAM

0b00111: 2 streams with PSI=stream2 and other modulation information not available
0b01000: 3 streams with PSI=stream1
0b01001: 3 streams with PSI=stream2
0b01010: 3 streams with PSI=stream3
0b01011: 4 streams with PSI=stream1
0b01100: 4 streams with PSI=stream2
0b01101: 4 streams with PSI=stream3

0b01110: 4 streams with PSI=stream4
0b01111: 3 streams with PSI=stream1 and stream2 
0b10000: 4 streams with PSI=stream1 and stream2
0b10001: 4 streams with PSI=stream3 and stream4

0b10010~0b11111: n/a


	}
	
	

	Resource Index
	11
	5 MHz: 0 in first 2 MSB bits + 9 bits for resource index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and allocation size.

	Long TTI Indicator
	1
	Indicates number of AAI subframes spanned by the allocated resource. 

0b0: 1 AAI subframe (default)

0b1: 4 DL AAI subframes for FDD or all DL AAI subframes for TDD

	HFA
	3
	HARQ Feedback Allocation

	AI_SN
	1
	HARQ identifier sequence number

	ACID
	4
	HARQ channel identifier

	SPID
	2
	HARQ subpacket identifier for HARQ IR

0b00: 0 

0b01: 1 

0b10: 2 

0b11: 3

	CRV 
	1
	Constellation Rearrangement Version

0b0: 0

0b1: 1

	Reserved
	2 1
	Reserved bits

	}
	
	


----------------------------------------- End of the Proposed Text #1 --------------------------------------------
<Modify the section 16.3.7.1 on line 3, page 445 as shown >

----------------------------------------- Start of the Proposed Text #2 --------------------------------------------
16.3.7.1 Downlink MIMO architecture and data processing
The architecture of downlink MIMO at the transmitter side is shown in Figure 528.
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Figure 528—DL MIMO architecture


The MIMO encoder block maps L MIMO layers [image: image3.wmf]L
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, which are fed to the Precoder block. For the spatial multiplexing modes in SU-MIMO, "rank" is defined as the number of MIMO streams to be used for the user allocated to the Resource Unit (RU).

For SU-MIMO, only one user is scheduled in one Resource Unit (RU), and only one FEC block exists at the input of the MIMO encoder (vertical MIMO encoding at transmit side). 

For MU-MIMO, multiple users can be scheduled in one RU, and multiple FEC blocks exist at the input of the MIMO encoder (horizontal MIMO encoding or combination of vertical and horizontal MIMO encoding at transmit side, which is called multi-layer encoding). 
The precoder block maps MIMO stream(s) to antennas by generating the antenna-specific data symbols according to the selected MIMO mode. 

The subcarrier mapping blocks map antenna-specific data to the OFDM symbol
16.3.7.1.1 MIMO layer to MIMO stream mapping
MIMO layer to MIMO stream mapping is performed by the MIMO encoder. The MIMO encoder is a batch processor that operates on M input symbols at a time. 

The input to the MIMO encoder is represented by an M×1 vector as specified in Equation (209).
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Where si is the i-th input symbol within a batch. In case of MU-MIMO transmissions, the M symbols belong to M differents AMSs. Two consecutive symbols may belong to a single MIMO layer. One AMS shall have at most one MIMO layer.
MIMO layer to MIMO stream mapping of the input symbols is done in the space dimension first. The output of the MIMO encoder is an [image: image6.wmf]M
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 MIMO STC matrix as given in Equation (210), which serves as the input to the precoder.

x = S(s) 












(210)
Where 

Mt is the number of MIMO streams 

NF is the number of subcarriers occupied by one MIMO block 

x is the output of the MIMO encoder 

s is the input MIMO layer vector 

S() is a function that maps an input MIMO layer vector to an STC matrix

S(s) is an STC matrix 

The STC matrix x can be expressed as in Equation (211):
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(211)
The four MIMO encoder formats (MEF) are SFBC, vertical encoding (VE), horizontal encoding (HE) multi-layer encoding (ME),  and CDR. For SU-MIMO transmissions, the STC rate is defined as in (212)
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For MU-MIMO transmissions, the STC rate per user (R) is equal to 1 or 2.
16.3.7.1.1.1 SFBC encoding

The input to the MIMO encoder is represented by a 2 × 1 vector.
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 (213)
The MIMO encoder generates the SFBC matrix. 
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Where x is a 2x2 matrix.

The SFBC matrix, x, occupies two consecutive subcarriers.

16.3.7.1.1.2 Vertical encoding
The input and the output of MIMO encoder is represented by an M  1 vector.
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Where si is the i-th input symbol within a batch.

For vertical encoding, [image: image12.wmf]s
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 belong to the same MIMO layer. The encoder is an identity operation.

16.3.7.1.1.3 Horizontal Multi-layer encoding
The input and output of the MIMO encoder is represented by an M  1 vector. 
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Where [image: image14.wmf]s

i

 is the i-th input symbol within a batch.

For horizontal Multi-layer encoding, [image: image15.wmf]s
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 belong to different MIMO layers, where two consecutive symbols may belong to a single MIMO layer.
Horizontal Multi-layer encoding is only used for MU-MIMO mode. The encoder is an identity operation.
16.3.7.1.1.4 CDR encoding
The input to the MIMO encoder is represented by a 1 × 1 vector.
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The MIMO encoder generates the CDR matrix.
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The CDR matrix, x, occupies two consecutive subcarriers.
16.3.7.1.2 MIMO stream to antenna mapping 
MIMO stream to antenna mapping is performed by the precoder. The output of the MIMO encoder is multiplied by an [image: image18.wmf]N
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 precoder, W. The output of the precoder is denoted by an [image: image19.wmf]N
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 matrix, z. The mapping can be defined in Equation (219).
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Where [image: image21.wmf]N

t

 is the number of transmit antennas and [image: image22.wmf]z
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 is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier. Pilots within PRU are precoded in the same way as the data subcarriers.
16.3.7.1.2.1 Non-adaptive precoding
With non-adaptive precoding, the precoding matrix is an Nt×Mt matrix W(k), where Nt is the number of transmit antennas, Mt is the number of MIMO streams, and k is the physical index of the subcarrier where W(k) is applied. The matrix W is selected from the base codebook or from a subset of size Nw precoders of the base codebook for a given rank. W belongs to the base codebook or to one of the subsets of the base codebook, according to the type of allocation, MEF, Nt, MaxMt and Mt, as specified in Table 831 and Table 832. The notation CDL,OL,SU(Nt, Mt, Nw) denotes a DL OL SU-MIMO codebook subset, which consists of Nw complex matrices of dimension Nt by Mt. The base codebook and the codebook subsets are defined in 16.3.7.2.5.6.

	Table 831 - Codebook subsets used for non-adaptive precoding in DL DLRU and NLRU

	MEF
	RU with Mt pilot MIMO streams outside OL region
	RU in OL region with MaxMt MIMO streams

	SFBC
	Nt=2: CDL,OL,SU (2, Mt, 1), Mt=2

Nt=4: CDL,OL,SU (4, Mt, 4), Mt=2

Nt=8: CDL,OL,SU (8, Mt, 4), Mt=2
	Nt=2: CDL,OL,SU (2,MaxMt, 1), MaxMt=2

Nt=4: CDL,OL,SU (4,MaxMt, 4), MaxMt=2

Nt=8: CDL,OL,SU (8,MaxMt, 4), MaxMt=2

	VE
	Nt=2: CDL,OL,SU (2, Mt, Nw), Mt=1,2

Nt=4: CDL,OL,SU (4, Mt, Nw), Mt=1,2,3,4

Nt=8: CDL,OL,SU (8, Mt, Nw), Mt=1,2,3,4

Nw depends on Mt
	Nt=2: CDL,OL,SU (2,MaxMt, 1), MaxMt=2

Nt=4: CDL,OL,SU (4,MaxMt, 4), MaxMt=2

Nt=8: CDL,OL,SU (8,MaxMt, 4), MaxMt=2

	HE
ME
	n.a
	n.a

	CDR
	n.a
	Nt=2: CDL,OL,SU (2, MaxMt, 2), MaxMt=1

Nt=4: CDL,OL,SU (4, MaxMt, 4), MaxMt=1

Nt=8: CDL,OL,SU (8, MaxMt, 8), MaxMt=1


	Table 832 - Codebook subsets used for non-adaptive precoding in DL SLRU 

	MEF
	RU with Mt pilot MIMO streams outside OL region
	RU in OL region with MaxMt MIMO streams

	SFBC
	n.a
	n.a

	VE
	Nt=2: C(2, Mt, 3), Mt = 1, …, MaxMt

Nt=4: C(4, Mt, 4), Mt = 1, …, MaxMt

Nt=8: C(8, Mt, 4), Mt = 1, …, MaxMt
	Nt=2: C(2, MaxMt, 3), MaxMt = 2

Nt=4: C(4, MaxMt, 4), MaxMt = 2

Nt=8: C(8, MaxMt, 4), MaxMt = 2

	HE
ME
	Nt=2: C(2, Mt, 3), Mt = 2, …, MaxMt

Nt=4: C(4, Mt, 4), Mt = 2, …, MaxMt

Nt=8: C(8, Mt, 3), Mt = 2, …, MaxMt
	Nt=2: C(2, MaxMt, 3), MaxMt = 2

Nt=4: C(4, MaxMt, 4), MaxMt = 2

Nt=8: C(8, MaxMt, 4), MaxMt = 2

	CDR
	n.a
	Nt=2: C(2,MaxMt, 3), MaxMt = 1

Nt=4: C(4,MaxMt, 4), MaxMt = 1

Nt=8: C(8,MaxMt, 4), MaxMt = 1


----------------------------------------- End of the Proposed Text #2 --------------------------------------------
<Modify the section 16.3.7.1.3 on line 62, page 449 as shown >

----------------------------------------- Start of the Proposed Text #3 --------------------------------------------
16.3.7.1.3 Downlink MIMO modes
There are six MIMO transmission modes for unicast DL MIMO transmission as listed in Table 833.

	Table 833 - Downlink MIMO modes

	Mode index
	Description
	MIMO encoding format (MEF)
	MIMO precoding

	Mode 0
	OL SU-MIMO (Tx diversity)
	SFBC
	non-adaptive

	Mode 1
	OL SU-MIMO (SM)
	VE
	non-adaptive

	Mode 2
	CL SU-MIMO (SM)
	VE
	adaptive

	Mode 3
	OL MU-MIMO (SM) 
	HE
ME
	non-adaptive

	Mode 4
	CL MU-MIMO (SM) 
	HE
ME
	adaptive

	Mode 5
	OL SU-MIMO (Tx diversity)
	CDR
	non-adaptive


.

The allowed values of the parameters for each DL MIMO mode are shown in Table 834.
	Table 834 - DL MIMO parameters

	
	Number of transmit antennas
	STC rate per MIMO layer
	Number of MIMO streams
	Number of subcarriers
	Number of MIMO layers

	
	Nt
	R
	Mt
	NF
	L

	MIMO mode 0
	2
	1
	2
	2
	1

	
	4
	1
	2
	2
	1

	
	8
	1
	2
	2
	1

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

	
	2
	2
	2
	1
	1

	
	4
	1
	1
	1
	1

	
	4
	2
	2
	1
	1

	
	4
	3
	3
	1
	1

	
	4
	4
	4
	1
	1

	
	8
	1
	1
	1
	1

	
	8
	2
	2
	1
	1

	
	8
	3
	3
	1
	1

	
	8
	4
	4
	1
	1

	
	8
	5
	5
	1
	1

	
	8
	6
	6
	1
	1

	
	8
	7
	7
	1
	1

	
	8
	8
	8
	1
	1

	MIMO mode 3 and MIMO mode 4
	2
	1
	2
	1
	2

	
	4
	1
	2
	1
	2

	
	4
	1
	3
	1
	3

	
	4
	1
	4
	1
	4

	
	8
	1
	2
	1
	2

	
	8
	1
	3
	1
	3

	
	8
	1
	4
	1
	4

	MIMO mode 4
	4
	2 and 1*
	3
	1
	2

	
	4
	2 and 1**
	4
	1
	3

	
	4
	2
	4
	1
	2

	
	8
	2 and 1*
	3
	1
	2

	
	8
	2 and 1**
	4
	1
	3

	
	8
	2
	4
	1
	2

	MIMO mode 5
	2
	1/2
	1
	2
	1

	
	4
	1/2
	1
	2
	1

	
	8
	1/2
	1
	2
	1





* 2 streams to one AMS and 1 stream to another AMS, with 1 layer each.



** 2 streams to one AMS and 1 stream each to the other two AMSs, with 1 layer each.
Mt refers to the number of MIMO streams transmitted to one AMS with MIMO modes 0, 1, 2 and 5. 

Mt refers to the total number of MIMO streams transmitted to multiple AMS on the same RU with MIMO modes 3 and 4.
----------------------------------------- End of the Proposed Text #3 --------------------------------------------
<Modify the section 16.3.7.2.2 on line 31, page 452 as shown >

----------------------------------------- Start of the Proposed Text #4 --------------------------------------------
16.3.7.2.2 Encoding and precoding of MU-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 or two MIMO streams per user is supported for MU-MIMO.

MU-MIMO includes the MIMO configuration of 2Tx antennas to support up to 2 AMSs, and 4Tx or 8Tx antennas to support up to 4 AMSs, with 1 MIMO stream per AMS.
Both OL MU-MIMO (mode 3) and CL MU-MIMO (mode 4) are supported.
16.3.7.2.2.1 Encoding of MU-MIMO modes

· MIMO mode 3: Horizontal Multi-layer encoding of 16.3.7.1.1.3 shall be used with MIMO mode 3. 

· MIMO mode 4: Horizontal Multi-layer encoding of 16.3.7.1.1.3 shall be used with MIMO mode 4.
16.3.7.2.2.2 Precoding of MU-MIMO modes
· MIMO mode 3

Non-adaptive precoding of 16.3.7.1.2.1 shall be used with MIMO mode 3.

With OL MU MIMO inside the OL region, the precoder W with 2 MIMO streams is predefined and fixed over time. With OL MU MIMO outside the OL region, the precoder W is an Nt×Mt sub-matrix of a predefined Nt×MaxMt matrix.

The precoding matrix W used by the ABS is represented in Equation (223).
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Where vi(k) is the precoding vector for the i-th AMS on the k-th subcarrier. 

vi(k) shall be used for precoding the pilot symbols on the i-th pilot MIMO stream on the k-th subcarrier.

· MIMO mode 4

Adaptive precoding of 16.3.7.1.2.2 shall be used with MIMO mode 4.

In CL MU MIMO, the precoder W is an Nt × M matrix for each subcarrier. It is used to communicate to up to M AMSs simultaneously. The form and derivation of the precoding matrix does not need to be known at the AMS. The ABS determines the precoding matrix based on the feedback received from the AMS. 

The ABS shall construct the precoding matrix W as represented in Equation (224).
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Where, [image: image25.wmf]v
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 is the precoding vector for the i-th AMS stream on the k-th subcarrier. 

vi(k) shall be used for precoding the pilot symbols on the i-th pilot MIMO stream on the k-th subcarrier.
----------------------------------------- End of the Proposed Text #4 --------------------------------------------
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