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 Proposed “Resource Allocation” field in Basic Assignment A-MAP IE
Xiangyu Liu, Yanfeng Guan, Wei Xia, Ying Liu, Huiying Fang
ZTE Corporation
1. Introduction
The contribution proposes the text of “Resource Allocation” field in the basic assignment A-MAP IE in the 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D8 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4]. 
2. Reference
[1] IEEE P802.16 Rev2/D8, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Dec. 2008.

[2] IEEE 802.16m-07/002r8, “IEEE 802.16m System Requirements Document” 
[3] IEEE 802.16m-08/003r7, “IEEE 802.16m System Description Document”
[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
[5] IEEE 802.16m-09/0010r2, “Draft Amendment to IEEE Standard for Local and metropolitan area networks Part 16: Air Interface for Fixed and Mobile Broadband Wireless Access Systems”, June 1, 2009
3. Proposed Method
3.1 Principle
In current AWD [5], the "Resource Allocation" Field in the DL/UL Basic Assignment A-MAP IE isn’t decided. We present an integrated design of “RA Field” in this contribution, and provide our design philosophy behind the RA Field expressions. 
Our design follows following design principle, and we feel that we have met all of these goals in design of RA Field: 
1) For DRUs and Miniband-based CRUs, only contiguous allocation will be allowed;
2) For Subband-based CRUs, contiguous or non-contiguous allocation will be allowed;
3) Resource allocation will be as flexible as possible;
4) A-MAP IE for a certain resource allocation will be reduced as possibly;

5) Bit space will not be wasted;
6) The size of RA Field will be depending on systems bandwidth;
7) For large scale allocation, long TTI technique will be employed rather than direct RA indication;
8) RA Field will be coding by simple mathematic formulas or transparent rules;
3.2 Method
In our design, a variable-length bits “Resource Allocation” field depending on system bandwidth to indicate Resource Allocation and it takes 8, 10, 12 bits for 5MHz, 10MHz (7, 8.75MHz), 20MHz respectively, i.e. let RA denote that the binary representation of N-bit RA Field. 
RA = {bN-1, bN-2, ((, b2, b1, b0}
Where b0 is the least significant bit, and bN-1 is the most significant bits, N = 8, 10 and 12.
Allocation of DL continuous (and non- continuous) resources is indicated by the values 0b0000 or 0b0001 for the “A-MAP IE Types” Field, and allocation of UL continuous (and non- continuous) resources is indicated by the values 0x0010 or 0x0011 for the “A-MAP IE Types” Field.
3.2.1 Continuous LRUs Allocation 
When the value for the “A-MAP IE Types” field is 0b0000 and 0b0010, it means continuous DRU (or Miniband-based CRU) allocation for DL and UL, respectively, and RA Field is interpreted in Table_CA_1, Table_CA2, Table_CA_3, while RA Field has simple coding rules that obey RA_Cont_Rules_1, RA_Cont_Rules_2, RA_Cont_Rules_3 as following in proposed text. 
 Table_CA_1: 5 MHz System RA-Field

	# of Cont. LRU
	Possible Start Position
	# of Possible Start Position
	8 bits RA-Field

	1
	{0},{1},{2},……, {23}
	24
	0x00 ~ 0x17

	2
	{0},{1},{2},……, {22}
	23
	0x18 ~ 0x2e

	3
	{0},{1},{2}, ……,{21}
	22
	0x2f ~ 0x44

	4
	{0},{1},{2},……, {20}
	21
	……

	5
	{0},{1},{2},……, {19}
	20
	……

	6
	{0},{1},{2},……, {18}
	19
	……

	7
	{0},{1},{2},……, {17}
	18
	……

	8
	{0},{1},{2},……, {16}
	17
	……

	9
	{0},{1},{2},……, {15}
	16
	……

	10
	{0},{1},{2},……, {14}
	15
	……

	11
	{0},{1},{2},……, {13}
	14
	……

	12
	{0},{1},{2},……, {12}
	13
	……

	13
	{0},{1},{2},……, {11}
	12
	……

	14
	{0},{1},{2},……, {10}
	11
	……

	15
	{9}
	1
	0xf5

	16
	{8}
	1
	0xf6

	17
	{7}
	1
	0xf7

	18
	{6}
	1
	0xf8

	19
	{5}
	1
	0xf9

	20
	{4}
	1
	0xfa

	21
	{3}
	1
	0xfb

	22
	{2}
	1
	0xfc

	23
	{1}
	1
	0xfd

	24
	{0}
	1
	0xfe

	
	
	Total Combination:255
	


Table_CA_2: 10 MHz (7MHz, 8.75 MHz) System RA-Field

	# of Cont. LRU
	Possible Start Position
	# of Possible Start Position
	10 bits RA-Field

	1
	{0}, {1},{2}, ……, {47}
	48
	0x00 ~ 0x2f

	2
	{0},{1}, {2}, ……, {46}
	47
	0x30 ~ 0x5e

	3
	{0}, {1}, {2}, ……,{45}
	46
	0x5f ~ 0x8c

	4
	{0}, {1}, {2}, ……, {44}
	45
	0x8d ~ 0xb9

	5
	{0}, {1}, {2}, ……, {43}
	44
	……

	6
	{0}, {1}, {2}, ……, {42}
	43
	……

	7
	{0}, {1}, {2}, ……, {41}
	42
	……

	8
	{0}, {1}, {2}, ……, {40}
	41
	……

	9
	{0}, {1}, {2}, ……, {39}
	40
	……

	10
	{0}, {1}, {2}, ……, {38}
	39
	……

	11
	{0}, {1}, {2}, ……, {37}
	38
	……

	12
	{0}, {1}, {2}, ……, {36}
	37
	……

	13
	{0}, {1}, {2}, ……, {35}
	36
	……

	14
	{0}, {1}, {2}, ……, {34}
	35
	……

	15
	{0}, {1}, {2}, ……, {33}
	34
	……

	16
	{0}, {1}, {2}, ……, {32}
	33
	……

	17
	{0}, {1}, {2}, ……, {31}
	32
	……

	18
	{0}, {1}, {2}, ……, {30}
	31
	……

	19
	{0}, {1}, {2}, ……, {29}
	30
	……

	20
	{0}, {1}, {2}, ……, {28}
	29
	……

	21
	{0}, {1}, {2}, ……, {27}
	28
	……

	22
	{0}, {1}, {2}, ……, {26}
	27
	……

	23
	{0}, {1}, {2}, ……, {25}
	26
	……

	24
	{0}, {1}, {2}, ……, {24}
	25
	……

	25
	{0}, {1}, {2}, ……, {23}
	24
	……

	26
	{0}, {1}, {2}, ……, {22}
	23
	……

	27
	{0}, {1}, {2}, ……, {21}
	22
	……

	28
	{0}, {1}, {2}, ……, {20}
	21
	……

	29
	{0}, {1}, {2}, ……, {19}
	20
	……

	30
	{0}, {1}, {2}, ……, {18}
	19
	……

	31
	{17}
	1
	……

	32
	{16}
	1
	……

	33
	{15}
	1
	……

	34
	{14}
	1
	……

	35
	{13}
	1
	……

	36
	{12}
	1
	……

	37
	{11}
	1
	……

	38
	{10}
	1
	……

	39
	{9}
	1
	……

	40
	{8}
	1
	……

	41
	{7}
	1
	……

	42
	{6}
	1
	……

	43
	{5}
	1
	……

	44
	{4}
	1
	0x3fa

	45
	{3}
	1
	0x3fb

	46
	{2}
	1
	0x3fc

	47
	{1}
	1
	0x3fd

	48
	{0}
	1
	0x3fe

	
	
	Total Combination:1023
	


Table_CA_3: 20 MHz System RA-Field

	# of Cont. LRU
	Possible Start Position
	# of Possible Start Position
	12 bits RA-Field

	1
	{0},{1}, {2}, ……, {95}
	96
	0x00 ~ 0x5f

	2
	{0}, {1}, {2}, ……,{94}
	95
	0x60 ~ 0xbe

	3
	{0}, {1}, {2}, ……, {93}
	94
	……

	4
	{0}, {1}, {2}, ……, {92}
	93
	……

	5
	{0}, {1}, {2}, ……, {91}
	92
	……

	6
	{0}, {1}, {2}, ……, {90}
	91
	……

	7
	{0}, {1}, {2}, ……, {89}
	90
	……

	8
	{0}, {1}, {2}, ……, {88}
	89
	……

	9
	{0}, {1}, {2}, ……, {87}
	88
	……

	10
	{0}, {1}, {2}, ……, {86}
	87
	……

	11
	{0}, {1}, {2}, ……, {85}
	86
	……

	12
	{0}, {1}, {2}, ……, {84}
	85
	……

	13
	{0}, {1}, {2}, ……, {83}
	84
	……

	14
	{0}, {1}, {2}, ……, {82}
	83
	……

	15
	{0}, {1}, {2}, ……, {81}
	82
	……

	16
	{0}, {1}, {2}, ……, {80}
	81
	……

	17
	{0}, {1}, {2}, ……, {79}
	80
	……

	18
	{0}, {1}, {2}, ……, {78}
	79
	……

	19
	{0}, {1}, {2}, ……, {77}
	78
	……

	20
	{0}, {1}, {2}, ……, {76}
	77
	……

	21
	{0}, {1}, {2}, ……, {75}
	76
	……

	22
	{0}, {1}, {2}, ……, {74}
	75
	……

	23
	{0}, {1}, {2}, ……, {73}
	74
	……

	24
	{0}, {1}, {2}, ……, {72}
	73
	……

	25
	{0}, {1}, {2}, ……, {71}
	72
	……

	26
	{0}, {1}, {2}, ……, {70}
	71
	……

	27
	{0}, {1}, {2}, ……, {69}
	70
	……

	28
	{0}, {1}, {2}, ……, {68}
	69
	……

	29
	{0}, {1}, {2}, ……, {67}
	68
	……

	30
	{0}, {1}, {2}, ……, {66}
	67
	……

	31
	{0}, {1}, {2}, ……, {65}
	66
	……

	32
	{0}, {1}, {2}, ……, {64}
	65
	……

	33
	{0}, {1}, {2}, ……, {63}
	64
	……

	34
	{0}, {1}, {2}, ……, {62}
	63
	……

	35
	{0}, {1}, {2}, ……, {61}
	62
	……

	36
	{0}, {1}, {2}, ……, {60}
	61
	……

	37
	{0}, {1}, {2}, ……, {59}
	60
	……

	38
	{0}, {1}, {2}, ……, {58}
	59
	……

	39
	{0}, {1}, {2}, ……, {57}
	58
	……

	40
	{0}, {1}, {2}, ……, {56}
	57
	……

	41
	{0}, {1}, {2}, ……, {55}
	56
	……

	42
	{0}, {1}, {2}, ……, {54}
	55
	……

	43
	{0}, {1}, {2}, ……, {53}
	54
	……

	44
	{0}, {1}, {2}, ……, {52}
	53
	……

	45
	{0}, {1}, {2}, ……, {51}
	52
	……

	46
	{0}, {1}, {2}, ……, {50}
	51
	……

	47
	{0}, {1}, {2}, ……, {49}
	50
	……

	48
	{0}, {1}, {2}, ……, {48}
	49
	……

	49
	{0}, {1}, {2}, ……, {47}
	48
	……

	50
	{0}, {1}, {2}, ……, {46}
	47
	……

	51
	{0}, {1}, {2}, ……, {45}
	46
	……

	52
	{0}, {1}, {2}, ……, {44}
	45
	……

	53
	{0}, {1}, {2}, ……, {43}
	44
	……

	54
	{0}, {1}, {2}, ……, {42}
	43
	……

	55
	{0}, {1}, {2}, ……, {41}
	42
	……

	56
	{0}, {1}, {2}, ……, {40}
	41
	……

	57
	{0}, {1}, {2}, ……, {39}
	40
	……

	58
	{0}, {1}, {2}, ……, {38}
	39
	……

	59
	{0}, {1}, {2}, ……, {37}
	38
	……

	60
	{0}, {1}, {2}, ……, {36}
	37
	……

	61
	{0}, {1}, {2}, ……, {35}
	36
	……

	62
	{0}, {1}, {2}, ……, {34}
	35
	……

	63
	{33}
	1
	……

	64
	{32}
	1
	……

	65
	{31}
	1
	……

	66
	{30}
	1
	……

	67
	{29}
	1
	……

	68
	{28}
	1
	……

	69
	{27}
	1
	……

	70
	{26}
	1
	……

	71
	{25}
	1
	……

	72
	{24}
	1
	……

	73
	{23}
	1
	……

	74
	{22}
	1
	……

	75
	{21}
	1
	……

	76
	{20}
	1
	……

	77
	{19}
	1
	……

	78
	{18}
	1
	……

	79
	{17}
	1
	……

	80
	{16}
	1
	……

	81
	{15}
	1
	……

	82
	{14}
	1
	……

	83
	{13}
	1
	0xff1

	84
	{12}
	1
	0xff2

	85
	{11}
	1
	0xff3

	86
	{10}
	1
	0xff4

	87
	{9}
	1
	0xff5

	88
	{8}
	1
	0xff6

	89
	{7}
	1
	0xff7

	90
	{6}
	1
	0xff8

	91
	{5}
	1
	0xff9

	92
	{4}
	1
	0xffa

	93
	{3}
	1
	0xffb

	94
	{2}
	1
	0xffc

	95
	{1}
	1
	0xffd

	96
	{0}
	1
	0xffe

	
	
	Total Combination:4095
	


3.2.2 Non-Continuous LRUs Allocation 
When the value for the “A-MAP IE Type” field is 0b0001 or 0b0011, it means non-continuous Subband-based CRU allocation, a variable-length bit Resource-Allocation field depending on system bandwidth indicates non-contiguous Subband-based CRU allocation and it takes 8, 10, 12 bits for 5MHz, 10MHz(7, 8.75MHz), 20MHz respectively, and only one A-MAP IE is needed for 5MHz and 10MHz (7, 8.75MHz), one or two A-MAP IE (2 MAP IE is not always necessary) is needed for 20MHz system. 
3.2.2.1 5MHz

In 5MHz system, a 6 bits bitmap will provide most flexible indication, we propose use a 8 bit RA-Field, and take the least 6 bit as a bitmap for 6 Subband-based CRUs.

3.2.2.2 10MHz 
In 10 MHz (7, 8.75MHz) system, we propose a fold-block of subbands, and use a 10 bits RA-Field. We take 12 subband into 2 fold-block, as following figure, and take 1 bit in RA-Field to indicate which block assignment, and take other 9 bits in RA-Field as a bitmap to provide non-continuous index as figure 1:
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Figure 1 Fold-block and Bitmap Indication for 10MHz
3.2.2.3 20MHz

For 20MHz system, we propose a non-fold block technology to indicate most case in subband allocation, 24 subbands are divided into 2 non-fold-blocks, Block1 include Subband[0], Subband[1], ......, Subband[10], and Block 2 include Subband[12], Subband[13], ......, Subband[22], notes that Subband[23] is not considered here. 

When all allocated Subband are all in Block 1, we only need 1 A-MAP-IE, we set the b11 as 0, this means only one map IE needed, and take other 11 bits (b10, b9, ……, b0) as a bitmap to indicate the index of Subband allocated. 

If not all of allocated Subband be in Block 1, then we need 2 A-MAP IE, we set the b11 in first IE as 1, that means, the next IE following this IE will be used to indicate this allocation too. We take other 11 bits (b10, b9, ……, b0) in the first IE, and 12 bits (b11, b10, ……, b0) in the second IE as a 23 bits bitmap to indicate the index of Subband allocated. (As figure 2)
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Figure 2 Non-Fold-block and Bitmap Indication for 20MHz
4. Proposed Text to be added to 802.16m amendment [5]
Proposal 1:

-------------------------------  Text Start  --------------------------------------------------- 
[Insert the text from line 3 to 4 on the page 201, in 15.3.6.5.2.2, as follows:]
let RA denotes that the binary representation of N bits RA Field, and let N bits RA Field as the concatenation of its individual bit values (0 or 1) between braces in the order, 
RA = {bN-1, bN-2, ((, b2, b1, b0}
Where b0 is the least significant bit, and bN-1 is the most significant bits, 
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Let RA(Decimal) denote a decimal number of RA Field, and 
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                               Equation (a)
Allocation of DL continuous (or non-continuous) resources is indicated by the values 0b0000 or 0b0001 for the “A-MAP IE Type” field.
A variable-length bits “Resource Allocation” field depending on system bandwidth to indicate Resource Allocation and it takes 8, 10, 12 bits for 5MHz, 10MHz(7, 8.75MHz), 20MHz respectively. 
Let k denote the number of allocated continuous LRUs with possible start position s.
When the value for the “A-MAP IE Type” field is 0b0000, it means continuous DRU (or Miniband-based CRU) allocation and Coding rules obey fomula RA_Cont_Rules_1, RA_Cont_Rules_2, RA_Cont_Rules_3 as following:
RA_Cont_Rules_1 (5MHz bandwidth):
The coding rule of a 8-bit RA Field for 5MHz system is defined by :

[image: image5.wmf](

)

(

)

(

)

1

150,    114,024

2

230,      1524 , 24        

decimal

kksksk

RA

kksk

ì

--+££££-

ï

=

í

ï

+££=-

î

               Equation (b)
RA_Cont_Rules_2 (10MHz[7, 8.75MHz] bandwidth):

The coding rule of a 10-bit RA Field for 10MHz system is defined by
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               Equation (c)
RA_Cont_Rules_3 (20MHz bandwidth):
The coding rule of a 12-bit RA Field for 20MHz system is defined by
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             Equation(d)
Allocation of DL non-continuous resources is indicated by the values 0b0001 for the “A-MAP IE Type” field.
A variable-length bits “Resource Allocation” field depending on system bandwidth to indicate Resource Allocation and it takes 8, 10, 12 bits for 5MHz, 10MHz(7, 8.75MHz), 20MHz respectively. 
When the value for the “A-MAP IE Type” field is 0b0001, it means non-continuous Subband CRU allocation.
One A-MAP IE is needed for 5MHz and 10MHz (7, 8.75MHz), one or two A-MAP IE is needed for 20MHz system. The Coding Rules for non-continuous Subband-based CRU allocation is as following RA_Ncont_Rule_1, RA_Ncont_Rule_2 and RA_Ncont_Rule_3:
RA_Ncont_Rule_1 (5 MHz) : 
There are 6 Subband, Subband[0], Subband[1], ……, Subband[5], the coding rule of a 8-bit RA Field is defined as follow:
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                Equation (e)
RA_Ncont_Rule_2 (10, 7, 8.75 MHz) : 
There are 12 Sbuband, Subband[0], Subband[1], ……, Subband[11], 12 subbands are divided into 2 fold-blocks, Block 1 include Subband[0], Subband[1], ……, Subband[8] and Block 2 include Subband[3], Subband[4], ……, Subband[11]. Bit b9 in RA-Field indicate which block assignment, and other 9 bits in RA-Field (b8, b7, ……, b0) as a bitmap to provide non-contiguous index in the block. 
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              Equation (f)
RA_Ncont_Rule_3 (20 MHz) : 

There are 24 Subband, Subband[0], Subband[1], ……, Subband[23], 24 subbands are divided into 2 non-fold-blocks, Block 1 include Subband[0], Subband[1], ……, Subband[10], and Block 2 include Subband[12], Subband[13], ……, Subband[22]
When all of assignment subband is in Block 1, only one A-MAP IE is need, in this IE, b11 in RA Field will be set to ‘0’, and 
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When not all of assignment subband is in Block 1, two A-MAP IE is need, in the 1st IE, b11 in RA Field will be set to ‘1’, and 
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in 2nd IE, 12 bit bj have
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-------------------------------  Text End  --------------------------------------------------- 
Proposal 2:

-------------------------------  Text Start  --------------------------------------------------- 
[Change the Table 669 from line 24 to 58 on the page201, in 15.3.6.5.2.2, as follows:]
Table 669 – A-MAP IE Types

	A-MAP-IE Type
	Usage

	0b0000
	DL Contiguous Basic Assignment A-MAP IE

	0b0001
	DL Non-Contiguous Basic Assignment A-MAP IE

	0b0010
	UL Contiguous Basic Assignment A-MAP IE

	0b0011
	UL Non-Contiguous Basic Assignment A-MAP IE

	0b0100
	Feedback Allocation A-MAP IE

	0b0101
	Reserved

	0b0110
	Reserved

	0b0111
	Reserved

	0b1000
	Reserved

	0b1001
	Reserved

	0b1010
	Reserved

	0b1011
	Reserved

	0b1100
	Reserved

	0b1101
	Reserved

	0b1110
	Reserved

	0b1111
	Reserved


-------------------------------  Text End  --------------------------------------------------- 
Proposal 3:

-------------------------------  Text Start  --------------------------------------------------- 
[Insert the text from line 57 to 57 on the page 204, in 15.3.6.5.2.3, as follows:]
Allocation of UL continuous (and non- continuous) resources is indicated by the values 0b0010 or 0b0011 for the “A-MAP IE Type” field.
A variable-length bits “Resource Allocation” field depending on system bandwidth to indicate Resource Allocation and it takes 8, 10, 12 bits for 5MHz, 10MHz(7, 8.75MHz), 20MHz respectively. 
let RA denotes that the binary representation of N bits RA Field, and let N bits RA Field as the concatenation of its individual bit values (0 or 1) between braces in the order, 
RA = {bN-1, bN-2, ((, b2, b1, b0}
Where b0 is the least significant bit, and bN-1 is the most significant bits, 
[image: image13.wmf]8,10,12
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Let RA(Decimal) denote a decimal number of RA Field, refer to Equation (a)
When the value for the “A-MAP IE Type” field is 0b0010, it means continuous DRU (or Miniband-based CRU) allocation as Coding rules obey formula RA_Cont_Rules_1, RA_Cont_Rules_2, RA_Cont_Rules_3 in 15.3.6.5.2.2.

When the value for the “A-MAP IE Type” field is 0b0011, it means non-continuous Subband-based CRU allocation, a variable-length bit Resource-Allocation field depending on system bandwidth indicates non-contiguous Subband-based CRU allocation, and one A-MAP IE is needed for 5MHz and 10MHz (7, 8.75MHz), one or two A-MAP IE is needed for 20MHz system. The Coding Rules for non-continuous Subband-based CRU allocation is RA_Ncont_Rule_1, RA_Ncont_Rule_2 and RA_Ncont_Rule_3 in 15.3.6.5.2.2
-------------------------------  Text End  --------------------------------------------------- [image: image14.png]
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