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Proposed OL MIMO Codebook Subsets for the IEEE 802.16m Amendment

David Mazzarese et Al.
Samsung Electronics

1. Introduction
This contribution proposes amendment text for MIMO, to be included in the IEEE 802.16m Amendment Working Document [1], subclause 15.3.7 and subclause 15.3.10. We define the OL SU MIMO codebook subsets used for non-adaptive precoding on DL and UL, as well as the OL MU MIMO codebook subsets used for non-adaptive precoding on DL and UL.

The subsets of the base codebooks for OL SU MIMO are optimized for performance in diversity allocations for mobile users, in both spatially correlated and uncorrelated channels, with the additional constraints to be small sets with a nested property among the codebooks of different ranks and to contain matrices with elements of constant modulus, in order to reduce the implementation complexity at the MS and BS. The subsets of the base codebooks for OL MU MIMO are selected to provide subband selection gain, and to be composed of matrices with elements of constant modulus.

2. References
[1] IEEE 802.16m-09/0010r1a, “IEEE 802.16m Amendment Working Document (AWD)”, 2009-03-31.

[2] IEEE 802.16m-07/002r8, “802.16m System Requirements”, 2009-01-15.
[3] IEEE 802.16m-08/003r8, “The Draft IEEE 802.16m System Description Document”, 2009-04-10.
[4] IEEE 802.16m-08/004r5, “The IEEE 802.16m Evaluation Methodology Document”, 2009-01-15.
[5] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”, 2008-09-18.
3. Text proposal for inclusion in the 802.16m amendment
<Insert the following clauses on line 10 page 89 under section 15.3.7.2.6.6.2.4.1 OL MIMO subset>

-------------------------------  Text Start  --------------------------------------------------- 
15.3.7.2.6.6.2.4.1. OL SU-MIMO subset
The OL SU-MIMO codebook subset shall be used for non-adaptive precoding with MIMO mode 0 and MIMO mode 1.
The notation CDL,OL,SU(Nt, Mt, Nw) denotes the DL OL SU-MIMO codebook subset, which consists of Nw complex matrices of dimension Nt by Mt, and Mt denotes the number of streams. The notation CDL,OL,SU(Nt, Mt, Nw, i) denotes the i-th codebook entry of CDL,OL,SU(Nt, Mt, Nw).
15.3.7.2.6.6.2.4.1.1. OL SU-MIMO subset for two transmit antennas

Table 1 gives the number of codewords Nw for each rank of the OL SU-MIMO codebook subset for 2Tx. 

Table 1 – Size of the DL 2Tx OL SU-MIMO codebook subset

	Rank
	1
	2

	Nw
	2
	1


The codewords of the OL SU-MIMO codebook subset for two transmit antennas are given in Table 2 for each rank. The corresponding codewords of the DL base codebook for two transmit antennas are also given in Table 2. 

Table 2 – CDL,OL,SU(2,1,2) and CDL,OL,SU(2,2,1)

	CDL,OL,SU(2,1,2,n)
	CDL,OL,SU(2,2,1,n)

	n
	PMI m in UL base codebook of rank 1
	n
	PMI m in UL base codebook of rank 2

	0
	2
	0
	2

	1
	6
	
	


The PMI m in the base codebook of rank Mt with Nt = 2 is given by vm+1 as in equation (203).

15.3.7.2.6.6.2.4.1.2. OL SU-MIMO subset for four transmit antennas

Table 3 gives the number of codewords Nw for each rank of the OL SU-MIMO codebook subset for 4Tx. 

Table 3 – Size of the DL 4Tx OL SU-MIMO codebook subset

	Rank
	1
	2
	3
	4

	Nw
	4
	4
	2
	1


The codewords of the OL SU-MIMO codebook subset for four transmit antennas are given in Table 4 for each rank. The corresponding codewords of the DL base codebook for four transmit antennas are given in Table 4. 

Table 4 – CDL,OL,SU(4,1,4), CDL,OL,SU(4,2,4), CDL,OL,SU(4,3,2) and CDL,OL,SU(4,4,1)

	CDL,OL,SU(4,1,4,n)
	CDL,OL,SU(4,2,4,n)
	CDL,OL,SU(4,3,2,n)
	CDL,OL,SU(4,4,1,n)

	n
	C(4,1,6,m) in base codebook
	n
	C(4,2,6,m) in base codebook
	n
	C(4,3,6,m) in base codebook
	n
	C(4,4,6,m) in base codebook

	0
	C(4,1,6,8)
	0
	C(4,2,6,23)
	0
	C(4,3,4,12)
	0
	C(4,4,3,4)

	1
	C(4,1,6,10)
	1
	C(4,2,6,29)
	1
	C(4,3,4,13)
	
	

	2
	C(4,1,6,9)
	2
	C(4,2,6,27)
	
	
	
	

	3
	C(4,1,6,11)
	3
	C(4,2,6,25)
	
	
	
	


15.3.7.2.6.6.2.4.1.3. OL SU-MIMO subset for eight transmit antennas

Table 5 gives the number of codewords Nw for each rank of the OL SU-MIMO codebook subset for 8Tx. 

Table 5 – Size of the DL 8Tx OL SU-MIMO codebook subset

	Rank
	1
	2
	3
	4
	5
	6
	7
	8

	Nw
	8
	4
	4
	2
	2
	2
	2
	1


The codewords of the OL SU-MIMO codebook subset for eight transmit antennas are given in Table 6 and Table 7 for each rank. The corresponding codewords of the DL base codebook for eight transmit antennas are given in Table 6 and Table 7. 

Table 6 – CDL,OL,SU(8,1,8), CDL,OL,SU(8,2,4), CDL,OL,SU(8,3,4) and CDL,OL,SU(8,4,2)

	CDL,OL,SU(8,1,8,n)
	CDL,OL,SU(8,2,4,n)
	CDL,OL,SU(8,3,2,n)
	CDL,OL,SU(8,4,2,n)

	n
	C(8,1,4,m) in base codebook
	n
	C(8,2,4,m) in base codebook
	n
	C(8,3,4,m) in base codebook
	n
	C(8,4,4,m) in base codebook

	0
	C(8,1,4,0)
	0
	C(8,2,4,0)
	0
	C(8,3,4,0)
	0
	C(8,4,4,0)

	1
	C(8,1,4,3)
	1
	C(8,2,4,1)
	1
	C(8,3,4,1)
	1
	C(8,4,4,1)

	2
	C(8,1,4,5)
	2
	C(8,2,4,2)
	2
	C(8,3,4,2)
	
	

	3
	C(8,1,4,7)
	3
	C(8,2,4,3)
	3
	C(8,3,4,5)
	
	

	4
	C(8,1,4,9)
	
	
	
	
	
	

	5
	C(8,1,4,11)
	
	
	
	
	
	

	6
	C(8,1,4,13)
	
	
	
	
	
	

	7
	C(8,1,4,15)
	
	
	
	
	
	


Table 7 – CDL,OL,SU(8,5,2), CDL,OL,SU(8,6,2), CDL,OL,SU(8,7,2) and CDL,OL,SU(8,8,1)

	CDL,OL,SU(8,5,2,n)
	CDL,OL,SU(8,6,2,n)
	CDL,OL,SU(8,7,2,n)
	CDL,OL,SU(8,8,1,n)

	n
	C(8,5,4,m) in base codebook
	n
	C(8,6,4,m) in base codebook
	n
	C(8,7,4,m) in base codebook
	n
	C(8,8,4,m) in base codebook

	0
	C(8,5,4,0)
	0
	C(8,6,4,0)
	0
	C(8,7,4,0)
	0
	C(8,8,4,0)

	1
	C(8,5,4,1)
	1
	C(8,6,4,1)
	1
	C(8,7,4,1)
	
	


15.3.7.2.6.6.2.4.2 OL MU-MIMO subset
The OL MU-MIMO codebook subset shall be used for non-adaptive precoding with MIMO mode 3.
The notation CDL,OL,MU(Nt, Mt, Nw) denotes the DL OL MU-MIMO codebook subset, which consists of Nw complex matrices of dimension Nt by Mt, and Mt denotes the number of streams. The notation CDL,OL,MU(Nt, Mt, Nw, i) denotes the i-th codebook entry of CDL,OL,MU(Nt, Mt, Nw).
15.3.7.2.6.6.2.4.2.1. OL MU-MIMO subset for two transmit antennas

The Nw = 4 codewords of the DL OL MU-MIMO rank-2 codebook subset for 2Tx are:

CDL,OL,MU(2,2,4,n) = C(2,2,2,n), for n = 0, 1, 2, 3.
15.3.7.2.6.6.2.4.2.2. OL MU-MIMO subset for four transmit antennas

The Nw = 16 codewords of the DL OL MU-MIMO rank-2 codebook subset for 4Tx are:

CDL,OL,MU(4,2,16,n) = C(4,2,6,n), for n = 0,…,15.

The Nw = 16 codewords of the DL OL MU-MIMO rank-3 codebook subset for 4Tx are:

CDL,OL,MU(4,3,16,n) = C(4,3,4,n), for n = 0,…,15.

The Nw = 6 codewords of the DL OL MU-MIMO rank-4 codebook subset for 4Tx are:

CDL,OL,MU(4,4,6,n) = C(4,4,3,n), for n = 0,…,5.

15.3.7.2.6.6.2.4.2.3. OL MU-MIMO subset for eight transmit antennas

The Nw = 16 codewords of the DL OL MU-MIMO rank-2 codebook subset for 8Tx are:

CDL,OL,MU(8,2,16,n) = C(8,2,4,n), for n = 0,…,15.

The Nw = 16 codewords of the DL OL MU-MIMO rank-3 codebook subset for 8Tx are:

CDL,OL,MU(8,3,16,n) = C(8,3,4,n), for n = 0,…,15.

The Nw = 16 codewords of the DL OL MU-MIMO rank-4 codebook subset for 8Tx are:

CDL,OL,MU(8,4,1,n) = C(8,4,4,n), for n = 0,…,15.

-------------------------------  Text End  --------------------------------------------------- 
<Correct the numbering of the two sub-clauses on lines 11 and 13 on page 89>

-------------------------------  Text Start  --------------------------------------------------- 
15.3.7.2.6.6.2.4.3. CL SU-MIMO subset
15.3.7.2.6.6.2.4.3.1. CL SU-MIMO subset for four transmit antennas

-------------------------------  Text End  --------------------------------------------------- 
<Insert the following clauses on line 1 page 126>

-------------------------------  Text Start  --------------------------------------------------- 
15.3.10.4 Codebook subsets for open-loop non-adaptive transmit precoding

15.3.10.4.1 OL SU-MIMO subset
The UL OL SU-MIMO codebook subset shall be used for non-adaptive precoding with MIMO mode 0 and MIMO mode 1.
The notation CUL,OL,SU(Nt, Mt, Nw) denotes the UL OL SU-MIMO codebook subset, which consists of Nw complex matrices of dimension Nt by Mt, and Mt denotes the number of streams. The notation CUL,OL,SU(Nt, Mt, Nw, i) denotes the i-th codebook entry of CUL,OL,SU(Nt, Mt, Nw).
CUL,OL,SU(Nt, Mt, Nw) shall be used for precoding with Nt transmit antennas and Mt streams with MIMO mode 0 and MIMO mode 1.
15.3.10.4.1.1 OL SU-MIMO subset for two transmit antennas

The UL OL SU-MIMO codebook subset for 2Tx is the same as the DL OL SU-MIMO codebook subset for 2Tx. CUL,OL,SU(2, Mt, Nw) = CDL,OL,SU(2, Mt, Nw), and it shall be used for precoding with 2 transmit antennas and Mt streams with MIMO mode 0 and MIMO mode 1.
15.3.10.4.1.2 OL SU-MIMO subset for four transmit antennas

Table 26 gives the number of codewords Nw for each rank of the OL SU-MIMO codebook subset for 4Tx. 

Table 26 – Size of the DL 4Tx OL SU-MIMO codebook subset

	Rank
	1
	2
	3
	4

	Nw
	4
	4
	4
	4


The codewords of the OL SU-MIMO codebook subset for four transmit antennas are given in Table 27 for each rank. The corresponding codewords of the uplink base codebook for four transmit antennas are given in Table 27. 

Table 27 – CUL,OL,SU(4,1,4), CUL,OL,SU(4,2,4), CUL,OL,SU(4,3,2) and CUL,OL,SU(4,4,1)

	CUL,OL,SU(4,1,4,n)
	CUL,OL,SU(4,2,4,n)
	CUL,OL,SU(4,3,2,n)
	CUL,OL,SU(4,4,1,n)

	n
	PMI m in UL base codebook of rank 1
	n
	PMI m in UL base codebook of rank 2
	n
	PMI m in UL base codebook of rank 3
	n
	PMI m in UL base codebook of rank 3

	0
	9
	0
	9
	0
	9
	0
	9

	1
	15
	1
	15
	1
	15
	1
	15

	2
	49
	2
	49
	2
	49
	2
	49

	3
	55
	3
	55
	3
	55
	3
	55


The PMI m in the base codebook of rank Mt with Nt = 4 is given by vm+1 as in equation (203).

15.3.10.4.2 OL MU-MIMO subset
The UL OL MU-MIMO codebook subset shall be used for non-adaptive precoding with MIMO mode 3.
The notation CUL,OL,MU(Nt, Mt, Nw) denotes the UL OL SU-MIMO codebook subset, which consists of Nw complex matrices of dimension Nt by Mt, and Mt denotes the number of streams. The notation CUL,OL,MU(Nt, Mt, Nw, i) denotes the i-th codebook entry of CUL,OL,MU(Nt, Mt, Nw).
The UL OL MU-MIMO codebook subset is the same as the UL OL SU-MIMO codebook subset. CUL,OL,MU(Nt, Mt, Nw) = CUL,OL,SU(Nt, Mt, Nw), and it shall be used for precoding with Nt transmit antennas and Mt streams with MIMO mode 3.

-------------------------------  Text End  ---------------------------------------------------[image: image1.png]
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