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Uplink 4TX antenna codebook subset for CSM mode (Section 16.3.10 of the IEEE 802.16m/D4)
Alexei Davydov, Gregory Morozov, Apostolos Papathanassiou, Srinivasan Roshni, Maxim Bovykin
Intel Corporation 
1. Introduction

To support 4 bit ACID in all UL A-MAP IEs a new Assignment A-MAP IE for the special case of UL collaborative spatial multiplexing (CSM) with beamforming was proposed [1]. By defining a new Assignment A-MAP IE type for the special case of UL collaborative spatial multiplexing with beamforming, the number of bits required for signaling MIMO transmission formats was reduced by one and the additional bit was used for signaling the ACID. In this contribution we propose a 4 bit codebook for UL CSM mode with beamforming (which is a subset of 6 bits 4TX codebook) that facilitates the merging of the UL Basic Assignment A-MAP IE and the UL CSM beamforming A-MAP IE into a single Assignment A-MAP IE. In this case 4 bit ACID can be supported and one IE type can be saved for future needs.
2. Simulation results
A system level performance analysis has been carried out for CSM mode with beamforming for 4TX antenna AMS. For CSM mode maximum rank of one per AMS was used. The simulation results are summarized in Table 1.
Table 1. System level simulation of CSM mode with beamforming

	
	IoT in dB

{average, standard deviation}
	Average sector throughput (Mbps)
	Cell-edge user throughput (Kbps)

	6-bit SU/6-bit MU, low IoT
	{2.64, 0.79}
	8.75
	352

	6-bit SU/4-bit MU, low IoT
	{2.75, 0.72}
	8.75
	344

	6-bit SU/6-bit MU, high IoT
	{8.53, 1.33}
	11.67
	509

	6-bit SU/4-bit MU, high IoT
	{8.28, 1.34}
	11.74
	491


It can be seen that usage of 4 bit codebook for CSM mode give performance loss of less than 2-4%.
A similar analysis was conducted for mITU Ped-B channel model on link level for 2 AMS in CSM mode. S-LRU allocation with codebook based precoding was used. The results are presented on Figure 1. The performance for 2x4 antenna configuration is conducted for reference. 
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Figure 1. Spectral efficiency vs. SNR for CSM mode

It can be seen that usage of 4 bit codebook for CSM mode provides performance loss of about 0.3-0.4dB comparing to 6 bit codebook.
3. References

[1] “Updates to Support 4 bit HARQ Channel Indexing in the UL Assignment A-MAP IEs in IEEE P802.16m/D3 (16.3.6.5.2.4.2)”, C80216m_2876r2

[2] P802.16m/D4, “DRAFT Amendment to IEEE Standard for Local and metropolitan area networks, Part 16: Air Interface for Fixed and Mobile Broadband Wireless Access Systems, Advanced Air Interface”, January 2010.

4. Text proposal for inclusion in the 802.16m/D5
Instructions to Editor

1. Page 669, line 32, update the MU-MIMO base codebook with the 4 bit subset and Table X (to be renumbered accordingly).

2. Page 460, starting on Line 17: Update table 818 in [2] on A-MAP IE types by changing ‘UL CSM Beamforming A-MAP IE’ to ‘Reserved’. Add the missing word ‘Allocation’ to the DL/UL Persistent A-MAP IEs

3. Page 468, starting on Line 1: Replace Table 822 (UL Basic Assignment A-MAP IE in [2] with the table shown in the proposed text.
4. Page 525, starting on Line 20: Delete the entire subclause 15.3.6.5.2.4.14 including Table 840 (UL CSM Beamforming A-MAP IE) in [2]

_____________________________​​​​​​___Begin proposed text change #1_________________________________
{Modify text on page 669, line 32, section 16.3.10.3.2.2 as follows}
16.3.10.3.2.2 MU-MIMO base codebook
The base codebook for UL collaborative spatial multiplexing MIMO is same as 4 bits subset of the base codebook for UL SU-MIMO, defined in 16.3.10.3.2.1. The codebook is defined in Table X for rank 1, 2 and 3.
Table X ‑ CUL,CL,CSM(4,1,4), CUL,CL,CSM(4,2,4), CUL,CL,CSM(4,3,4)
	UL CSM codebook
	Rank
	Indexes of base codebook Cbase,UL

	CUL,CL,CSM(4,1,4,m)

m=0 to 15
	1
	0, 5, 10, 15, 20, 25, 30, 35, 40, 44, 45, 49, 50, 54, 55 ,59

	CUL,CL,CSM(4,2,4,m)

m=0 to 15
	2
	0 ,6, 9, 11, 14, 16, 19, 24, 33, 38, 41, 43, 46, 48, 51, 56

	CUL,CL,CSM(4,3,4,m)

m=0 to 15
	3
	0, 5, 10, 15, 20, 25, 30, 35, 40, 44, 45, 49, 50, 54, 55, 59


_____________________________​​​​​​___End proposed text change #1_________________________________
_____________________________​​​​​​___Begin proposed text change #2_________________________________
Page 460, starting on Line 17
Table 818 -- A-MAP IE Types

	A-MAP IE Type
	Usage

	0b0000
	DL Basic Assignment A-MAP IE

	0b0001
	UL Basic Assignment A-MAP IE

	0b0010
	DL Subband Assignment A-MAP 

	0b0011
	UL Subband Assignment A-MAP IE

	0b0100
	Feedback Allocation A-MAP IE

	0b0101
	UL Sounding Command A-MAP IE

	0b0110
	CDMA Allocation A-MAP IE

	0b0111
	DL Persistent Allocation A-MAP IE

	0b1000
	UL Persistent Allocation A-MAP IE

	0b1001
	Group Resource Allocation A-MAP IE

	0b1010
	Feedback Polling A-MAP IE 

	0b1011
	BR-ACK A-MAP IE

	0b1100
	Broadcast A-MAP IE

	0b1101
	UL CSM Beamforming A-MAP IE Reserved

	0b1110
	Reserved

	0b1111
	Extended Assignment A-MAP IE


_____________________________​​​​​​___End proposed text change #2_________________________________
_____________________________​​​​​​___Begin proposed text change #3_________________________________
Page 468, starting on Line 1

16.3.6.5.2.4.2 UL basic assignment A-MAP IE

Table 822 describes the fields in a UL Basic Assignment A-MAP IE used for resource assignment in the UL.  

Table 822 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
(Adaptive without PMI or Non- adaptive)

	         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 is the 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{
	
	CSM (without PMI)

(Adaptive without PMI or Non- adaptive)

	         CSM Format
	4
	For non CSM, modes, TNS = Mt. 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

	          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
	3
	

	      }
	
	

	   else {
	
	PMI signaled explicitly

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

	         Mt
	2
	Number of streams in transmission (Mt <= Nt ), up to 4 streams per AMS supported. Nt is the 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 non CSM, modes, TNS = Mt. 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 subframe (default)

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

If number of DL subframes, Dis less than number of UL 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 bit

	}
	-
	-


*A 16 bit CRC is generated based on the contents of the UL Basic Assignment A-MAP IE. The CRC is masked by the Station ID.
Table 822 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 

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

0b00: 1 stream

0b01: 2 streams

0b10: 3 streams

0b11: 4 streams

	   SU-PMI Indicator
	1
	Flag to indicate if both SU-MIMO and PMI are signaled.

0b0: SU MIMO without PMI indication, or CSM without PMI indication

0b1: SU MIMO with PMI indication 

	   if (SU-PMI Indicator == 0b0){
	
	

	      CSM
	1
	Flag to indicate CSM

0b0: SU-MIMO

0b1: CSM

	      if (CSM == 0b0){
	
	

	         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 == 0b0){
	
	

	            Reserved
	4
	Reserved bits

	         else if (MEF == 0b1){
	
	

	            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 3
	Reserved bits

	         }
	
	

	      }else if (CSM == 0b1){
	
	Parameters for CSM 

	         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

	         TNS
	2
	Total number of streams in the LRU for CSM

0b00: reserved

0b01: 2 streams

0b10: 3 streams

0b11: 4 streams

	         SI
	2
	First pilot index for CSM with TNS = 2 streams: 0b00, 0b01

First pilot index for CSM with TNS = 3,4: 0b00, 0b01, 0b10, 0b11

	      }
	
	

	   }else if (SU-PMI Indicator == 0b1){
	
	Parameters for SU-MIMO with PMI ( adaptive precoding)

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

6 bits PMI for Nt = 4

	  }
	
	

	   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 subframe (default)

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

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

	   HFA
	3
	HARQ Feedback Allocation 

	   AI_SN
	1
	HARQ identifier sequence number

	   ACID
	34
	HARQ channel identifier

	   Reserved
	12 
	Reserved bit

	}
	-
	-


*A 16 bit CRC is generated based on the contents of the UL Basic Assignment A-MAP IE. The CRC is masked by the Station ID.
_____________________________​​​​​​____End proposed text change #3_________________________________
_____________________________​​​​​​___Begin proposed text change #4_________________________________
Page 525, starting on Line 20
16.3.6.5.2.4.14 UL CSM beamforming A-MAP IE

Table 840 describes the fields in a UL CSM Beamforming Assignment A-MAP IE.

Table 840 UL CSM Beamforming A-MAP IE*

	Syntax
	Size in bits 
	Description/Notes

	UL_CSM_Beamforming_A-MAP_IE() {
	-
	-

	   A-MAP IE Type
	4
	UL CSM_Beamforming A-MAP IE 

	   ISizeOffset
	5
	Offset used to compute burst size index 

	   CSM Format
	4
	For non CSM, modes, TNS = Mt. 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
	6
	4 bits PMI for Nt = 2, first 2 MSB set to 0

6 bits PMI for Nt = 4

	   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 subframe (default)

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

If number of DL subframes, Dis less than number of UL 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 bit

	}
	-
	-


*A 16 bit CRC is generated based on the contents of the UL CSM Beamforming A-MAP IE. The CRC is masked by the Station ID.

The Resource Index field in the UL CSM Beamforming A-MAP IE is interpreted as in the DL Basic Assignment

A-MAP IE, with 'DL' specific terminology replaced by 'UL' equivalents.

_____________________________​​​​​​___End proposed text change #4_________________________________







  


