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Proposed modification to support 8 streams of UL CSM
in IEEE P802.16m/D6 
Samsung Electronics
Introduction
In UL MU-MIMO mode, the total number of streams is limited to four as UL SU-MIMO. The limitation of four streams is reasonable for SU-MIMO since it is not feasible for AMS to have five or more transmit antennas and the higher rank than 4 is not guaranteed in the small antenna spacing in AMS. However, the situation of CSM mode which mainly depends on the receiver structure of ABS is different from that of SU-MIMO mode. Because ABS can have eight receiver antennas and adopt an efficient receiving algorithm, we do not have to limit the number of streams to four for CSM. Therefore, this contribution proposes the modification for support of 8 streams in uplink CSM. For 8stream CSM, some fields of UL basic assignment A-MAP IE should be changed and 8stream pilot pattern should be additionally defined. In CSM mode in UL basic assignment A-MAP IE, the size of bits for CSM Format should be increased to 6bits from 4bits by using the reserved bits. In addition to the change in the basic assignment A-MAP IEs, we provide the corresponding changes in MIMO section. Regarding pilot pattern, we suggest the reuse of the downlink pilot pattern.
Simulation Results
We evaluated the performance gain of the 8stream CSM over 4stream CSM by system level simulation. Simulation condition is shown in the following table. According to the proposed text change, TNS of 5, 6, and 7 cannot be indicated. Therefore, 8stream pilot pattern and overhead are assumed even for the cases that 5 to 7 AMSs are actually assigned.
Table 1 Simulation Condition
	Parameter 
	Value

	Channel configuration 
	Uma ( ITU-R M.2135)

	Velocity 
	3km 

	ISD
	500m

	Cell configuration 
	19 cells, 3 sector

	System Bandwidth
	10 MHz 

	Frequency Reuse
	3/3/3

	Number of User 
	20 

	BS Rx Antenna 
	SLA 8 antennas with 4 Lamda spacing

	MS Tx Antenna 
	1 antenna

	Permutation Type 
	SLRU 


Table 2 shows the simulation results. Although the pilot overhead is fixed for the cases of “TNS≥5”, we can see that 8stream CSM provides the 20% higher average throughput than 4stream CSM. Therefore, we recommend that 8stream CSM should be supported.
Table 2 Simulation Results

	
	Max 1stream
	Max 4 streams
	Max 8 streams

	Sector throughput(Mbps)
	16.48
	46.65
	56.38

	Edge throughput(Kbps)
	581.27
	926.03
	896.89


References
[1] DRAFT Amendment to IEEE Standard for Local and metropolitan area networks, P80216m/D6, May. 2010.

Text Proposal
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.
<Modify the section 16.3.6.5.2.4.2 on line 50, page 562 as shown >
_____________________________​​​​​​_Start of the proposed text change #1 ______________________________
16.3.6.5.2.4.2 UL basic assignment A-MAP IE

Table 852 describes the fields in a UL Basic Assignment A-MAP IE used for resource assignment in the UL.  
TNS: Total number of streams in the LRU for CSM

SI: First pilot index for CSM.

PF: Precoding flag to indicate adaptive or non-adaptive precoding.

Table 852 UL basic assignment A-MAP IE*

	Syntax
	Size in bits 
	Description/Notes

	UL_Basic_Assignment_A-MAP_IE() {
	-
	-

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

	   ISizeOffset
	5
	Offset used to compute burst size index 

	   PMI Indicator
	1
	Flag to indicate if PMI is signaled explicitly

0b0: PMI not signaled explicitly

0b1: PMI signaled explicitly

	   CSM
	1
	Flag to indicate CSM

0b0: SU-MIMO

0b1: CSM

	   if (PMI Indicator == 0b0){
	
	PMI not signaled

	      if (CSM == 0b0){
	
	SU-MIMO

(Non- adaptive / Adaptive precoding without PMI)

	         MEF
	1
	MIMO encoder format

0b0: SFBC

0b1: Vertical encoding

Non-adaptive precoding shall be used at the AMS with SFBC. Mt shall be ignored with SFBC.

	         if (MEF == 0b1){
	
	

	               Mt
	2
	Number of streams in transmission Mt <= Nt, up to 4 streams per AMS supported
Nt: Number of transmit antennas at the AMS

0b00: 1 stream

0b01: 2 streams

0b10: 3 streams

0b11: 4 streams

	            PF
	1
	Precoding flag for SU-MIMO when PMI is not signaled

0b0: Non-adaptive precoding

0b1: Adaptive precoding using the precoder of rank Mt of the AMS's choice

	            Reserved
	4
	Reserved bits

	         }else{         
	
	

	            Reserved
	7
	Reserved bits

	         }
	
	

	      else if(CSM == 0b1) {
	
	CSM 

(Non- adaptive/ Adaptive precoding without PMI)

	         CSM Format
	46
	For CSM modes the following combinations apply for upto 48 streams
0b0000: TNS = 2, Mt=1, SI =1

0b0001: TNS = 2, Mt =1, SI =2

0b0010: TNS = 3, Mt =1, SI =1

0b0011: TNS = 3, Mt =1, SI =2

0b0100: TNS = 3, Mt =1, SI =3

0b0101: TNS = 3, Mt =2, SI =1

0b0110: TNS = 3, Mt =2, SI =2

0b0111: TNS = 4, Mt =1, SI =1

0b1000: TNS = 4, Mt =1, SI =2

0b1001: TNS = 4, Mt =1, SI =3

0b1010: TNS = 4, Mt =1, SI =4

0b1011: TNS = 4, Mt =2, SI =1

0b1100: TNS = 4, Mt =2, SI =2

0b1101: TNS = 4, Mt =2, SI =3

0b1110: TNS = 4, Mt =3, SI =1

0b1111: TNS = 4, Mt =3, SI =2
0b000000: TNS = 2, Mt=1, SI =1

0b000001: TNS = 2, Mt =1, SI =2

0b000010: TNS = 3, Mt =1, SI =1

0b000011: TNS = 3, Mt =1, SI =2

0b000100: TNS = 3, Mt =1, SI =3

0b000101: TNS = 3, Mt =2, SI =1

0b000110: TNS = 3, Mt =2, SI =2

0b000111: TNS = 4, Mt =1, SI =1

0b001000: TNS = 4, Mt =1, SI =2

0b001001: TNS = 4, Mt =1, SI =3

0b001010: TNS = 4, Mt =1, SI =4

0b001011: TNS = 4, Mt =2, SI =1

0b001100: TNS = 4, Mt =2, SI =2

0b001101: TNS = 4, Mt =2, SI =3

0b001110: TNS = 4, Mt =3, SI =1

0b001111: TNS = 4, Mt =3, SI =2
0b010000: TNS = 8, Mt =1, SI =1

0b010001: TNS = 8, Mt =1, SI =2

0b010010: TNS = 8, Mt =1, SI =3

0b010011: TNS = 8, Mt =1, SI =4

0b010100: TNS = 8, Mt =1, SI =5

0b010101: TNS = 8, Mt =1, SI =6

0b010110: TNS = 8, Mt =1, SI =7

0b010111: TNS = 8, Mt =1, SI =8

0b011000: TNS = 8, Mt =2, SI =1

0b011001: TNS = 8, Mt =2, SI =2

0b011010: TNS = 8, Mt =2, SI =3

0b011011: TNS = 8, Mt =2, SI =4

0b011100: TNS = 8, Mt =2, SI =5

0b011101: TNS = 8, Mt =2, SI =6

0b011110: TNS = 8, Mt =2, SI =7

0b011111: TNS = 8, Mt =3, SI =1

0b100000: TNS = 8, Mt =3, SI =2

0b100001: TNS = 8, Mt =3, SI =3

0b100010: TNS = 8, Mt =3, SI =4

0b100011: TNS = 8, Mt =3, SI =5

0b100100: TNS = 8, Mt =3, SI =6

0b100101: TNS = 8, Mt =4, SI =1

0b100110: TNS = 8, Mt =4, SI =2

0b100111: TNS = 8, Mt =4, SI =3

0b101000: TNS = 8, Mt =4, SI =4

0b101001: TNS = 8, Mt =4, SI =5

0b101010~0b111111: reserved


	          PF
	1
	Precoding flag for CSM when PMI is not signaled
0b0: Non-adaptive precoding

0b1: Adaptive precoding using the precoder of rank Mt of the AMS's choice

	          Reserved
	31
	Reserved bits

	      }
	
	

	   } else {
	
	PMI signaled

	      if (CSM == 0b0){
	
	SU-MIMO with PMI

	         Mt
	2
	Number of streams in transmission Mt <= Nt , up to 4 streams per AMS supported
Nt: Number of transmit antennas at the AMS.

0b00: 1 stream

0b01: 2 streams

0b10: 3 streams

0b11: 4 streams

	         PMI
	6
	4 bits PMI for Nt = 2, first 2 MSB set to 0
6 bits PMI for Nt = 4

	      } else {
	
	CSM with PMI

	         CSM Format
	4
	For CSM, modes the following combinations apply for upto 4 streams

0b0000: TNS = 2, Mt=1, SI =1

0b0001: TNS = 2, Mt =1, SI =2

0b0010: TNS = 3, Mt =1, SI =1

0b0011: TNS = 3, Mt =1, SI =2

0b0100: TNS = 3, Mt =1, SI =3

0b0101: TNS = 3, Mt =2, SI =1

0b0110: TNS = 3, Mt =2, SI =2

0b0111: TNS = 4, Mt =1, SI =1

0b1000: TNS = 4, Mt =1, SI =2

0b1001: TNS = 4, Mt =1, SI =3

0b1010: TNS = 4, Mt =1, SI =4

0b1011: TNS = 4, Mt =2, SI =1

0b1100: TNS = 4, Mt =2, SI =2

0b1101: TNS = 4, Mt =2, SI =3

0b1110: TNS = 4, Mt =3, SI =1

0b1111: TNS = 4, Mt =3, SI =2

	         PMI
	4
	4 bits PMI

	      }
	-
	-

	   }
	-
	-

	   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 subframes spanned by the allocated resource. 

0b0: 1 AAI subframe (default)

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

If number of DL AAI subframes, D, is less than number of UL AAI subframes, U, Long TTI Indicator= 0b1

	   HFA
	3
	HARQ Feedback Allocation 

	   AI_SN
	1
	HARQ identifier sequence number

	   ACID
	4
	HARQ channel identifier

	   Reserved
	1 
	Reserved bits

	}
	-
	-


_____________________________​​​​​​_End of the proposed text change #1_______________________________
<Modify the section 16.3.8.4 on line 43, page 686 as shown >
_____________________________​​​​​​__Start of the proposed text change #2 ______________________________
16.3.8.4 Pilot Structure
Uplink pilot is dedicated to each user and can be precoded or beamformed in the same way as the data sub​carriers of the resource allocation. The pilot structure is defined for up to 4 transmission streams for SU-MIMO and up to 8 transmission streams for CSM. 

The pilot pattern may support variable pilot boosting. When pilots are boosted, each data subcarrier should have the same Tx power across all OFDM symbols in a resource block.

Figure 547 and Figure 548 show the pilot structure for distributed LRUs where the number of streams is one or two, respectively. Figure 549 and Figure 550 contain the one and two-stream pilot patterns for the distrib​uted PUSC LRU. Figure 551, Figure 552, Figure 553 and Figure 554 show the pilot structure for contiguous LRUs where the number of streams is one, two, three or four. Figure xxx shows the pilot structure for contiguous LRUs with 8 streams. Note that the pilot patterns for UL contiguous LRUs are same as in the downlink case. 
_____________________________​​​​​​_End of the proposed text change #2_______________________________
<Add the following figure after figure 554, on line 61, page 689 as shown >
_____________________________​​​​​​__Start of the proposed text change #3 ______________________________
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Figure xxx – Pilot patterns for contiguous LRUs for 8 Tx streams
_____________________________​​​​​​_End of the proposed text change #3_______________________________
<Modify Table 952 in the section 16.3.10.1.3 on line 7, page 753 as shown >
_____________________________​​​​​​__Start of the proposed text change #4 ______________________________
Table 952 - UL 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

	MIMO mode 1
	1
	1
	1
	1
	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

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

	
	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


_____________________________​​​​​​_End of the proposed text change #4_______________________________
<Modify Table 954 in the section 16.3.10.2.5.1 on line 20, page 755 as shown >
_____________________________​​​​​​__Start of the proposed text change #5 ______________________________
Table 954 - UL MIMO control parameters
	Parameter
	Description
	Value
	Notes

	MEF
	MIMO Encoding Format
	SFBC

Vertical encoding
	MIMO encoding format

	CSM
	Collaborative Spatial Multiplexing
	Disabled or enabled
	SU MIMO if CSM is disabled
MU-MIMO if CSM is enabled

	Mt
	Number of MIMO streams
	1 to 4
	Number of MIMO streams in the AMS transmission.

	TNS
	Total number of MIMO streams in the LRU
	1 to 4 8
	Enabled when CSM is enabled.
Indication of the total number of MIMO streams in the LRU

	SI
	First pilot index
	1 to 4 8
	Enabled when CSM is enabled.
1 bit for 2Tx, 2bit for 4Tx

	PF
	Precoding flag
	non adaptive precoding or adaptive codebook precoding
	Cannot be applied to AMS with 1 transmit antenna

	PMI Indicator
	PMI indicator
	0b0: the AMS shall use the precoder of rank Mt of its choice

0b1: the inidicated PMI or rank Mt shall be used by the AMS for precoding
	This field is relevant only when PF indicates adaptive codebook precoding.
PMI indication = 0b0 may be used in TDD

When PMI indication = 0b1, the ABS selects the precoder to use at the AMS.

	PMI
	Precoding matrix index in the UL base codebook
	0 to 9 when Nt =2
0 to 63 when Nt = 4
	Enabled when PF indicates adaptive codebook precoding, and PMI indication = 0b1.


_____________________________​​​​​​_End of the proposed text change #5_______________________________
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