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Proposed text for DL A-MAP IE for MU-MIMO mode 
in IEEE802.16m Amendment 

Takaaki KISHIGAMI, Isamu YOSHII

 Panasonic Corporation
1. Introduction

The DL Basic assignment A-MAP IE does not include the modulation information of the other co-scheduled user’s stream in MU-MIMO modes in current AWD [1]. Therefore, a MS can not apply a MLD receiver which would be better performance than a MMSE receiver.
In the previous session, the “modulation aware” horizontal encoding (MU-MIMO) mode [2] was proposed as the additional MEF mode to enable to applay a MLD receiver. In “modulation aware” horizontal encoding mode, each user is informed about the modulation corresponding to the other co-scheduled AMSs (streams), which was defined as a MDF(Modulation Field) expressed by 2 bits for Mt = 2, 4 bits for Mt = 3 and 5 bits for Mt = 4. 
In this contribution, we support to add the “modulation aware” horizontal encoding mode to DL A-A-MAP IE and propose to modify the bit expression of the MDF to reduce the overhead of the MDF.
2. Proposed method
We propose to reduce the overhead of MDF by giving the relation to PSI and modulation information. To reduce the overhead of the MDF, PSIs are assigned in order with small modulation level of Tx streams. This causes the reduction of the information for the pairing of modulation information and PSI. This PSI assignment method doesn't influence the receiving performance, since the pilot density per Tx stream is equal in 16m pilot structure.

Table 1 shows an example of applying the PSI assignment rule mentioned above for the four user MU-MIMO (Mt = 4) . And Table 2 shows the bit expression of the MDF for Mt=4. For example, AMS #2 assigned to #1 stream is informed by ‘0b1001’ as the bit expression of MDF based on Table 2. 
Table 3 shows the comparison results of the required bits for the MDF between the proposed and conventional method[2]. We found that the proposed method can reduce the MDF bits compared with the conventional. 
Table 1 example of PSI assignment for the four user MU-MIMO case ( Mt = 4 )

	
	The modulation of 
Tx stream for AMS#n
	Assigned PSI

	AMS #1
	16QAM
	#2 stream

	AMS #2
	QPSK
	#1 stream

	AMS #3
	64QAM
	#4 stream

	AMS #4
	16QAM
	#3 stream


Table 2 The bit expression of the MDF ( Mt = 4 )

	MDF: Modulation information of (#j stream, #k stream, #m stream). 
Here, 0 < j < k < m < Mt and the number of j, k and m are not equal to the number of the stream assigned by the PSI.

	0b0000: (QPSK, QPSK, QPSK)
0b0010: (QPSK, QPSK, 16QAM)
0b0011: (QPSK, QPSK, 64QAM)
0b0100: (QPSK, 16QAM,16QAM)
0b0101: (QPSK, 16QAM, 64QAM)
0b0111: (QPSK, 64QAM, 64QAM)
0b1000: (16QAM, 16QAM,16QAM)
0b1001: (16QAM, 16QAM,64QAM)
0b1011: (16QAM, 64QAM,64QAM)
0b1111: (64QAM, 64QAM,64QAM)


Table 3 Comparison of the required bit for the MDF 
	The number of Tx streams 
	Mt = 2
	Mt = 3
	Mt = 4

	Proposed MDF
	2 bits (3 patterns)
	3 bits (6 patterns)
	4 bits (10 patterns)

	Conventional MDF
	2 bits (3 patterns)
	4 bits (9 patterns)
	5 bits (27 patterns)


3. References

[1]IEEE 802.16m-09/0010r2, “IEEE802.16m Amendment Working Document (AWD)”
[2]IEEE 802.16m-09/1017, “Text proposal on DL MAP”
4. Proposed Text
We propose the following text for the IEEE802.16m Amendment Working Document in Section 15.3.6.5.2.2.
Proposed AWD text has been underlined in blue, AWD text that has been deleted has been marked in red and  existing AWD text is shown in black.
-------------------------------  Start text proposal  ---------------------------------------------------

15.3.6.5.2.2 DL basic assignment A-MAP IE
Table 668 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 668.
Table 668 –DL basic assignment A-MAP IE
	Syntax
	Size in bits
	Description/Notes

	DL-MAP() {
	
	

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

	MCS
	[4]
	Depends on supported modes, 16 modes assumed as baseline

	MEF
	2
	MIMO encoder format
0b00: SFBC
0b01: Vertical encoding
0b10: Horizontal encoding
0b11: Horizontal encoding with the other co-scheduled AMSs modulation information

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

	    if(Nt == 2){
	
	

	    Mt 
	1
	Number of streams in transmission for Nt = 2

(Mt <= Nt )

0b0: 1 stream

0b1: 2 streams

	}else if(Nt == 4){
	
	

	    Mt 
	2
	Number of streams in transmission for Nt = 4

(Mt <= Nt )

0b00: 1 stream

0b01: 2 streams

0b10: 3 streams

0b11: 4 streams

	}else if(Nt == 8){
	
	

	    Mt
	3
	Number of streams in transmission for Nt = 8

(Mt <= Nt )

0b000: 1 stream

0b001: 2 streams

0b010: 3 streams

0b011: 4 streams

0b100: 5 streams

0b101: 6 streams

0b110: 7 streams

0b111: 8 streams

	}
	
	

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

	If(Nt == 2){
	
	

	PSI
	1
	Allocated pilot stream index for Nt = 2

0b0: #1 stream

0b1: #2 stream

	    Mt
	1
	Number of streams in transmission for Nt = 2

(Mt <= Nt )

0b0: 1 stream

0b1: 2 streams

	} else{
	
	

	PSI
	2
	Allocated pilot stream index for Nt = 4 or 8

0b00: #1 stream

0b01: #2 stream

0b10: #3 stream

0b11: #4 stream

	Mt
	2
	Number of streams in transmission for Nt = 4 or 8

(Mt <= Nt )

0b00: 1 stream

0b01: 2 streams

0b10: 3 streams

0b11: 4 streams

	    }
	
	

	}else if(MEF == 0b11){
	
	Parameters for Horizontal encoding with the other co-scheduled AMSs modulation information

	If(Nt == 2){
	
	

	PSI
	1
	Allocated pilot stream index for Nt = 2

0b0: #1 stream

0b1: #2 stream

	    Mt
	1
	Number of streams in transmission for Nt = 2

(Mt <= Nt )

0b0: 1 stream

0b1: 2 streams

	       If (Mt == 0b1){
	
	

	       MDF
	2
	0b00: QPSK

0b01: 16 QAM

0b10: 64 QAM

0b11: n/a

	       }
	
	

	} else
	
	

	PSI
	2
	Allocated pilot stream index for Nt = 4 or 8

0b00: #1 stream

0b01: #2 stream

0b10: #3 stream

0b11: #4 stream

	Mt
	2
	Number of streams in transmission for Nt = 4 or 8

(Mt <= Nt )

0b00: 1 stream

0b01: 2 streams

0b10: 3 streams

0b11: 4 streams

	     If (Mt ==0b01){ 
	
	

	           MDF
	2
	0b00: QPSK

0b01: 16 QAM

0b10: 64 QAM

0b11: n/a

	     }else if (Mt ==0b10){
	
	

	           MDF
	3
	MDF: Modulation information of (#j stream, #k stream). Here, 0 < j < k < Mt and the number of j and k are not equal to the number of the stream assigned by the PSI.

0b000: QPSK, QPSK 

0b010: QPSK, 16QAM

0b011: QPSK, 64QAM

0b100:16QAM, 16QAM

0b101:16QAM, 64QAM

0b111: 64QAM, 64QAM 
other possibilities n/a

	     }else if (Mt ==0b11){
	
	

	            MDF
	4
	MDF: Modulation information of (#j stream, #k stream, #m stream). Here, 0 < j < k < m < Mt and the number of j, k and m are not equal to the number of the stream assigned by the PSI.

0b0000: (QPSK, QPSK, QPSK)

0b0010: (QPSK, QPSK, 16QAM)

0b0011: (QPSK, QPSK, 64QAM)

0b0100: (QPSK, 16QAM,16QAM)

0b0101: (QPSK, 16QAM, 64QAM)

0b0111: (QPSK, 64QAM, 64QAM)

0b1000: (16QAM, 16QAM,16QAM)

0b1001: (16QAM, 16QAM,64QAM)

0b1011: (16QAM, 64QAM,64QAM)

0b1111: (64QAM, 64QAM,64QAM)
other possibilities n/a

	      } 
	
	

	  }
	
	

	Resource Allocation
	Variable
	Variable number of bits - depends on system bandwidth. Information may include:

· Type of resource unit (DRU/CRU)

· Location (start/end)

· Allocation size

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

0b0: 1 subframe (default)

0b0: 4 DL subframes for FDD or all DL subframes for TDD

	if (Nsubframe, A-MAP == 2){
	
	

	      Allocation Relevance
	TBD
	Subframe index when an A-MAP region occurs every 2 subframes (Nsubframe, A-MAP =2) 

0b0: Allocation in the first DL subframe relevant to an A-MAP region

0b1: Allocation in the second DL subframe relevant to an A-MAP region

	  }
	
	

	AHFA
	[4]
	TBD

HARQ Feedback Allocation

	AI_SN
	1
	HARQ identifier sequence number

	ACID
	4
	HARQ channel identifier

	SPID/CoRe Version
	[3]
	HARQ subpacket identifier for IR and Constellation Rearrangement version 

	Reserved
	TBD
	Reserved bits

	Padding
	Variable
	Padding to reach byte boundary

	MCRC
	[16]
	16 bit CRC masked by Station ID

	}
	
	


A-MAP IE Type: Defines the structure of the A-MAP IE for the bits in the A-MAP IE following the A-MAP IE type field. A-MAP IE Type distinguishes between UL/DL, basic/extended IE. Additional IE types are reserved for future use.
MEF: MIMO Encoder Format.

PSI: Allocated pilot stream index for horizontal encoding.
PSI shall be allocated in order with small modulation level of AMS’s streams.  
Mt: Number of streams in transmission. The DL pilot pattern with Mt streams shall be used in the allocated resource.
RA: Resource Allocation information is used to signal the type of resource unit allocated (DRU/CRU), the location (start/end) and allocation size.

Long TTI Indication: Indicator to signal allocations span multiple subframes in time.

Allocation Relevance: Subframe index corresponding to the A-MAP region in which the resource is allocated.

HFA: TBD allocation for HARQ feedback.

SPID/CoRe Version: Signaling for HARQ IR including HARQ subpacket identifier for IR and Constellation

Rearrangement version.

MCRC: 16 bit CRC masked by Station ID/Flow ID.
MDF: Modulation information of the other co-scheduled AMS’s streams in MU-MIMO mode.
-------------------------------  End text proposal  ---------------------------------------------------
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