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Proposed Changes to the DL Basic Assignment A-MAP Information Element in the 802.16m AWD to support MLD                                  (AWD - 15.3.6.5.2.2)
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Intel Corporation
Introduction
This contribution proposes changes to the Basic DL A-MAP IE currently defined in the 802.16m AWD [1] to include support for maximum likelihood demodulation (MLD) in DL MU-MIMO operation when 2 streams are transmitted. A new two bit field denoted by Mp is defined for horizontal encoding with Nt=2, which is used to indicate the modulation constellation of the paired AMS. A new 4 bit field, Si is introduced in place of Mt and PSI for Nt= 4 or 8, to signal the combination of the number of streams in transmission, the allocated pilot stream index and the modulation constellation of paired user in the case of 2 stream transmission.
The key features of the Basic DL A-MAP with the proposed new MEF are:

1. All features currently supported in the Basic DL A-MAP are retained without increasing the size (in bits) of the Basic DL A-MAP IE. Note that for horizontal encoding when MEF is 0b10, and the number of transmit antennas, Nt is either 4 or 8, 2 bits each are required to signal the number of streams in the transmission (Mt) and the pilot stream index (PSI) of the AMS to which the A-MAP IE is transmitted.
a. Since the number of streams is limited to 2 when Nt =2, only 1 bit for Mt and 1 bit for PSI are needed to identify the pilot positions corresponding to the intended AMS and the other co-scheduled AMS. The two bits that become available with Nt = 2 can therefore be used to convey the three possible options for the modulation constellation of the paired AMS without changing the A-MAP IE size.

b. When Nt = 4 or 8, the number of streams in  transmission (1,2,3 or 4) and the allocated pilot stream index (1,2,3 or 4) need to be signaled. If two bits are allocated to signal each of these fields, the modulation constellation for the paired MU-MIMO user cannot be signaled without increasing the size of the current A-MAP IE. A new 4 bit field, Si is introduced in place of Mt and PSI for Nt= 4 or 8, to signal the combination of  the number of streams in transmission and allocated pilot stream index, and the modulation constellation of paired user in the case of 2 stream transmission. Specifically the values of Si are specified as follows:
	Value of Si
	Number of streams in transmission
	Allocated pilot stream index
	Modulation constellation of paired user

	0b0000
	2
	1
	QPSK

	0b0001
	2
	1
	16QAM

	0b0010
	2
	1
	64QAM

	0b0011
	2
	1
	not available

	0b0100
	2
	2
	QPSK

	0b0101
	2
	2
	16QAM

	0b0110
	2
	2
	64QAM

	0b0111
	2
	2
	not available

	0b1000
	3
	1
	n/a

	0b1001
	3
	2
	n/a

	0b1010
	3
	3
	n/a

	0b1011
	4
	1
	n/a

	0b1100
	4
	2
	n/a

	0b1101
	4
	3
	n/a

	0b1110
	4
	4
	n/a

	0b1111
	n/a
	n/a
	n/a


2. The proposed modification facilitates enhanced DL MU-MIMO operation in which two AMSs can be paired and modulation information of the paired user is signaled in the A-MAP IE allowing the AMS to perform MLD. The performance improvement resulting from the use of MLD over MMSE in DL MU-MIMO with AMS pairing has been demonstrated in [2]. It must be noted that MLD-type receivers (especially for two-stream transmission) are currently implemented for SU-MIMO operation. Consequently, the available hardware can be leveraged to obtain better performance for MU-MIMO operation without increasing the cost.

3. For 2 stream transmissions, the option of horizontal encoding without modulation indication is also available to the ABS. Thus, if the ABS chooses not to provide the scheduled AMS with the modulation information of a paired AMS, it may do so by scheduling the AMS with Mp set to 0b11 with Nt =2 or by setting with Si to 0b0100 or 0b1000 for Nt = 4 or 8.
4. If an AMS with only an MMSE implementation receives information on the modulation constellation of the paired user, it can simply disregard this information. The number of streams in the transmission and the allocated pilot stream index can be clearly identified from every value assigned to Si
Proposed AWD text has been underlined in red, AWD text that has been deleted has been struck through and existing AWD text is shown in black.
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Amendment text proposal for inclusion in 802.16m-09/0010r2
-------------------------------  Start Text Proposal  --------------------------------------------------- 
15.3.6.4.1.1. 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_IE() {
	-
	-

	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: n/a 

	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

	      Mp
	2
	Modulation constellation of the paired user
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



	Si
	4
	Index used when Nt= 4 or 8, 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

	   }
	
	

	}
	
	

	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)

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

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

	      Allocation Relevance
	1
	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

	}
	
	

	HFA
	[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 IEs. Additional IE types are reserved for future use.

MEF: MIMO Encoder Format

PSI: Allocated pilot stream index for horizontal encoding

Mt: Number of streams in transmission. The DL pilot pattern with Mt streams shall be used in the allocated resource.
Mp: Modulation constellation of the paired user for 2 stream MU-MIMO operation with Nt = 2
Si: Index used when Nt= 4 or 8, 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
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 Indicator: 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.[image: image1.png]
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