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Intel Corporation
Introduction
Downlink MU-MIMO mode has the limitation of the total number of streams by four, while SU-MIMO supports 8 streams. In practical environment, however, MU-MIMO is more feasible to have 8 streams than SU-MIMO which requires 8 receive antennas and spatial rank of 8. Additionally, under the general condition that AMSs have 2 or 4 receive antennas, 8 streams should be supported in MU-MIMO in order to obtain the peak rate. Therefore, this contribution proposes the modification for support of 8streams in downlink MU-MIMO. To support 8streams in DL MU-MIMO, Si field in DL basic assignment A-MAP IE needs to be modified. Since there are already several reserved cases in Si field, we can use those without using any additional bit. 
Simulation Results
We evaluated the performance gain of the 8stream MU-MIMO over 4stream MU-MIMO 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 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 Tx Antenna 
	ULA 8 antennas with 0.5 Lamda spacing

	MS Rx Antenna 
	2 antennas with 0.5 Lamda spacing

	Permutation Type 
	SLRU 


Table 2 shows the simulation results. Although the 8stream pilot overhead is assumed for the cases of “TNS≥5”, we can see that 8stream MU-MIMO provides the higher average throughput than 4stream MU-MIMO. For the transformed codebook mode, 8stream MU-MIMO shows about 5.2% gain over 4stream MU-MIMO. For the sounding case assuming ideal channel estimation, we can obtain 12.6% higher throughput. Therefore, we recommend that 8stream MU-MIMO should be supported.

Table 2 Simulation Results
	
	Transformed codebook
	Sounding (ideal)

	
	Max 4 streams
	Max 8 streams
	Max 4 streams
	Max 8 streams

	Sector throughput (Mbps)
	39.19
	41.218
	50.565
	56.942

	Edge throughput (Kbps)
	1013.73
	1015.89
	1316.1
	1288.38
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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 16.3.6.5.2.4.1 on line 35, page 556 as shown >
_____________________________​​​​​​__Start of the proposed text change #1 _____________________________
16.3.6.5.2.4.1 DL basic assignment A-MAP IE
Table 851 describes the fields in a DL Basic Assignment A-MAP IE used for resource assignment in the DL.
A-MAP IE Type: Defines the structure of the assignment A-MAP IE for the bits in the assignment A-MAP IE following the A-MAP IE type field. A-MAP IE Type distinguishes between assignment A-MAP IEs used for the UL/DL, and assignment A-MAP IEs used for resource allocation and control signaling. Additional A-MAP IE types are reserved for future use.
Mt : Number of streams in transmission. The DL pilot pattern with Mt streams shall be used in the allocated resource.

Si: 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 trans​mission. For Co-MIMO transmission to two users, the ABS shall indicate to one AMS a total number of streams equal to 3 using one of the values 0b01000, 0b01001 or 0b01010, in order to ensure that the AMS will perform channel estimation using one stream of the non-interlaced pilot pattern with 3 streams.
	Table 851 - DL basic assignment A-MAP IE*

	Syntax
	Size (bit)
	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: Multi-layer encoding

0b11: CDR

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

	Mt 
	3
	Number of streams in transmission Mt ≤ Nt
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
	2
	Reserved bits

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

	Si
	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

0b00000: 2 streams with PSI=stream0 and other modulation =QPSK

0b00001: 2 streams with PSI=stream0 and other modulation =16QAM

0b00010: 2 streams with PSI=stream0 and other modulation =64QAM

0b00011: 2 streams with PSI=stream0 and other modulation information not available

0b00100: 2 streams with PSI=stream1 and other modulation =QPSK

0b00101: 2 streams with PSI=stream1 and other modulation =16QAM

0b00110: 2 streams with PSI=stream1 and other modulation =64QAM

0b00111: 2 streams with PSI=stream1 and other modulation information not available
0b01000: 3 streams with PSI=stream0
0b01001: 3 streams with PSI=stream1
0b01010: 3 streams with PSI=stream2

0b01011: 4 streams with PSI=stream0
0b01100: 4 streams with PSI=stream1

0b01101: 4 streams with PSI=stream2
0b01110: 4 streams with PSI=stream3

0b01111: 3 streams with PSI=stream0 and stream1 
0b10000: 4 streams with PSI=stream0 and stream1

0b10001: 4 streams with PSI=stream2 and stream3

0b10010~0b11111: n/a
0b10010: 8streams with PSI=stream0

0b10011: 8streams with PSI=stream1

0b10100: 8streams with PSI=stream2
0b10101: 8streams with PSI=stream3

0b10110: 8streams with PSI=stream4

0b10111: 8streams with PSI=stream5

0b11000: 8streams with PSI=stream6

0b11001: 8streams with PSI=stream7

0b11010: 8streams with PSI=stream0 and stream1

0b11011: 8streams with PSI=stream2 and stream3
0b11100: 8streams with PSI=stream4 and stream5

0b11101: 8streams with PSI=stream6 and stream7

0b11110: reserved

0b11111: reserved

	} else {
	
	

	Reserved
	5
	Reserved bits

	}
	
	

	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
	1
	Reserved bits

	}
	
	


__________________________​​​​​​_____End of the proposed text change #1 ______________________________
<Modify Table 856 in the section 16.3.6.5.2.4.5 on line 1, page 577 as shown >
_____________________________​​​​​​__Start of the proposed text change #2 _____________________________
16.3.6.5.2.4.5 Feedback Allocation A-MAP IE
Table 856 describes the fields in a Feedback Allocation A-MAP IE used for dynamically allocating or de-allocating UL fast feedback control channels(including both PFBCH and SFBCH) to an AMS. …..
	Table 856 – Feedback Allocation A-MAP IE*

	Syntax
	Size (bit)
	Description/Notes

	Feedback_Allocation_A-MAP_IE() {
	-
	-

	A-MAP IE Type
	4
	Feedback Allocation A-MAP IE

	Channel Index
	6
	Feedback channel index within the UL fast feedback control resource region 
(Dependent on LFB,FPi defined in 16.3.8.3.3.2)

	…
	…
	…

	if (MFM ≠ 1) {
	
	

	MaxMt
	Variable
1 or 2
	Variable number of bits – depends on number of transmit antennas Nt
If Nt = 2: (Any MFM)

0b0:1

0b1:2

If Nt = 4: (Any MFM)

0b00:1

0b01:2

0b10:3

0b11:4

If Nt = 8: (SU-MIMO, MFM 0,2,3,4)

0b00:1

0b01:2

0b10:4

0b11:8

If Nt = 8: (MU-MIMO, MFM 5,6,7)

0b00:1

0b01:2

0b10:3

0b11:4

If Nt = 8: (MU-MIMO, MFM 6)

0b00:1

0b01:2

0b10:4
0b11:8



	}
	
	

	if (MFM == 2,3,5,6) {
	
	

	Feedback Format
	2
	

	} elseif (MFM = 4,7){
	
	

	Feedback Format
	1
	

	}
	
	

	…
	…
	…

	Padding 
	Variable
	Padding to reach byte boundary

	}
	-
	-


__________________________​​​​​​_____End of the proposed text change #2 ______________________________
<Modify the section 16.3.7.1.3 on line 52, page 616 as shown >

_____________________________​​​​​​__Start of the proposed text change #3 _____________________________
16.3.7.1.3 Downlink MIMO modes
There are six MIMO transmission modes for unicast DL MIMO transmission as listed in Table 872.

	Table 872 - 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) 
	ME
	non-adaptive

	Mode 4
	CL MU-MIMO (SM) 
	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 873.
	Table 873 - 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

	
	8
	1
	8
	1
	8

	
	8
	2 and 1***
	8
	1
	7

	
	8
	2 and 1****
	8
	1
	6

	
	8
	2 and 1*****
	8
	1
	5

	
	8
	2
	8
	1
	4

	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.


*** 2 streams to one AMS and 1 stream each to the other six AMSs, with 1 layer each.



**** 2 streams each to two AMSs and 1 stream each to the other four AMSs, with 1 layer each.


***** 2 streams each to three AMSs 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 change #3 ______________________________
<Modify Table 878 in section 16.3.7.2.5.4 on line 3, page 627 as shown >
_____________________________​​​​​​__Start of the proposed text change #4 _____________________________
Table 878 - DL MIMO control parameters
	Parameter
	Description
	Value
	Notes

	Broadcast Information

	Nt
	Number of transmit antennas at the BS
	2,4,8
	Indicated in S-SFH (system information) SP3 IE

	OL_Region
	OL MIMO region, which signaling is used to indicate MS where is the predefined OL MIMO region and the number of MIMO streams (1 or 2)
	Refer to AAI_SCD message (16.2.3.29)
	Indicated in AAI_SCD Message

	BC_SI
	Rank-1 base codebook subset indication for interference mitigation with PMI coordination
	BitMAP:
8bits if Nt = 2

16bits if Nt = 4, 8
	Rank-1 codebook element restriction or recommendation information

It shall be ignored if Codebook_mode = 0b00, 0b01 or 0b10

It is indicated in AAI_DL_IM_Message

Its usage is enabled by Codebook_mode or Codebook_coordination.

	Unicast Information

	MEF
	MIMO encoder format
	SFBC

Vertical encoding

Horizontal encoding

Multi-layer encoding
	MIMO encoder format.

Indicated in DL Basic Assignment A-MAP IE, DL Subband Assignment A-MAP IE, DL Persistent A-MAP IE

	Mt
	Number of MIMO streams in transmission
	1 to 8
	Number of MIMO streams in the transmission.

Indicated in DL Basic Assignment A-MAP IE, DL Subband Assignment A-MAP IE, DL Persistent A-MAP IE

	SI
	Index of allocated pilot MIMO stream
	1 to 48
	SI shall be indicated if MEF is HE ME
Indicated in DL Basic Assignment A-MAP IE, DL Subband Assignment A-MAP IE, DL Persistent A-MAP IE

	MFM
	MIMO feedback mode
	Refer to Table 877
	To decide the feedback content and related MS processing

Indicated in Feedback Allocation A-MAP IE, Feedback Polling A-MAP IE

	MaxMt
	Maximum number of MIMO streams
	If Nt = 2(any MFM)

0b0:1

0b1:2

If Nt = 4(any MFM)

0b00:1

0b01:2

0b10:3

0b11:4

If Nt = 8(SU-MIMO MFM 0,2,3,4):

0b00:1

0b01:2

0b10:4

0b11:8

If Nt = 8(MU-MIMO MFM 5,6,7):

0b00:1

0b01:2

0b10:3

0b11:4

If Nt = 8(MU-MIMO MFM 6):

0b00:1

0b01:2

0b10:4

0b11:8
	If MFM indicates a SU feedback mode: the maximum STC rate scheduled for each user

If MFM indicates a MU feedback mode: the maximum number of users total streams for all users scheduled on each RU

Indicated in Feedback Allocation A-MAP IE, Feedback Polling A-MAP IE

	Codebook_subset
	Coedebook subset type for CL MIMO modes 2 and 4
	Base codebook or codebook subset
	Depending on the MFM and Codebook_subset, the MS shall feedback a PMI from the SU or MU base codebook, or from a subset of the SU or MU of the base codebook.

Indicated in Feedback Allocation A-MAP IE, Feedback Polling A-MAP IE

	Codebook_mode
	Coedebook feedback mode for CL MIMO modes 2 and 4
	0b00: base mode with codebook coordination disabled
0b01: transformation mode with codebook coordination disabled

0b10: differential mode with codebook coordination disabled

0b11: base mode with codebook coordination enabled
	This field specifies the codebook feedback mode. If codebook coordination is enabled by setting Codebook_mode to 0b11 or by setting Codebook_coordinattion to 0b1, and if the AMS reports STC rate equal to 1, then the AMS shall find the rate-1 PMI from the codebook entries broadcasted in BC_SI in AAI_DL_IM Message.


__________________________​​​​​​_____End of the proposed text change #4 ______________________________
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