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AWD Proposal for DL/UL Resource Indexing in IEEE 802.16m         (AWD - 15.3.6.2.2.2)
Roshni Srinivasan, Hujun Yin, Ping Wang, Huaning Niu
Intel Corporation

1. Introduction
This contribution proposes an indexing scheme to allocate resources in the DL/UL Basic A-MAP IE currently defined in the 802.16m AWD [1]. The following design considerations were taken into account in the proposed scheme. 

1. Support for a large range of allocation sizes: As defined in Table 742 in [1], allocations can be made in integral multiples of 1 LRU, and the size can vary from 1 to Nmax, the maximum number of LRUS in a given frequency partition.
2. Fine granularity in resource allocation for small allocation sizes to facilitate support for applications like VoIP. 
3. Support for allocation sizes at the high end of the range of assignable resources to facilitate transmissions at the peak rate. 

4. No constraints related to the location of the allocated resource, i.e., for a supported allocation size, the scheduler has complete flexibility in allocating the resource anywhere in the DL/UL subframe. 

5. Support for allocations in multiple system bandwidths: The resource indexing scheme proposed in this contribution can be used to allocate resources of any allowable size in a 5/10/20 MHz system. 
6. Reduced signaling overhead in the A-MAP IE by trading off flexibility in allocating larger allocation sizes without impacting link adaptation 

For a given system bandwidth with Nmax LRUs, , the total number of assignable resource sizes is Nmax. For each assignable resource size, resources can be allocated in different locations in the subframe. If all possible combinations of resource size and location are assigned unique indices, then the total number of indices required is Nmax * (Nmax +1) /2. For 5, 10 and 20 MHz system bandwidths in an IEEE 802.16m system, such an unconstrained resource indexing scheme requires 9, 11 and 13 bits respectively. 
A resource indexing scheme that uses 11 bits for 20 MHz is proposed in this contribution. The indexing scheme is extended to derive resource indices for allocations in 5MHz and 10MHz with full flexibility. 

Based on the analysis in section 4, it is proposed that at least 11 bits are used for resource indexing for a 20 MHz system bandwidth. Since 9 and 11 bits are required for full flexibility in resource indexing in 5 and 10MHz system bandwidths respectively, reserving 11 bits in the DL and UL assignment A-MAP IEs would cover the requirements for 5, 10 and 20 MHz.

2. Assignable resources with 11 bit resource indexing for a 20MHz system bandwidth
Ideally, a resource indexing scheme should support indexing of the complete range of assignable resource sizes in a subframe, where each resource comprises of a set of contiguous LRUs. If the required number of bits for full flexibility in resource indexing exceeds the target number of bits reserved for signaling resource allocation in the A-MAP IE, then some resource sizes and/or locations can be eliminated from the set of assignable resource sizes and locations. In order to reduce scheduler complexity related to searching for assignable indices, the indexing scheme should not impose any constraints on location for a given resource size and the entire set of indices corresponding to a particular resource size should be eliminated.

It is proposed that resource indexing for 5 and 10MHz system bandwidths is designed for full flexibility i.e., 9 or 11 bits are allocated for resource indexing in the DL/UL A-MAP IEs for 5 MHz and 10 MHz system bandwidths respectively. 
A resource indexing scheme for a 20 MHz system bandwidth that requires 11 bits is proposed. As explained earlier, the number of bits required for indexing is reduced at the expense of resource indexing flexibility. However, the penalty is minimized by taking into account the following considerations:

· For an assignable resource size, there are no constraints on location.

· All resource sizes in increments of 1 LRU are assignable in the range of1 to 12 LRUs with full flexibility in order to support scheduling of small allocations for applications such as VoIP.

· Resource sizes are indexed uniformly within a given range to minimize the impact on link adaptation.
· Only even resource sizes are assignable in increments of 2 LRUs from sizes of 14 to 24 LRUs (Nmax = 24 for a 5 MHz system bandwidth)

· Resource sizes are assignable in increments of 4 LRUs for sizes 28 to 48 LRUs (Nmax = 48 for a 10 MHz system bandwidth)

· Resource sizes are assignable in increments of 8 LRUs for sizes 56 to 88 LRUs (Nmax = 96 for a 20 MHz system bandwidth)

· All resource sizes from 92 to 96 LRUs are indexed with no constraints on location in order to allow full flexibility in scheduling large allocations transmitted at the peak data rate. The starting point (92) for this range of resource sizes is chosen such that all the bits available for resource indexing with 11 bits are fully utilized.
The assignable resource sizes and corresponding LRUs indexed for the proposed scheme are listed in Table 1.
Table 1: Assignable Resources with 11-bit Resource Indexing for 20MHz 
	Assignable Resource Sizes
	Contiguous LRUs Indexed
	Number of Indices

	1
	{1},{2},{3},{4},{5},{6},{7},{8},{9},{10},{11},{12},{13},{14},{15},{16},{17}, {18}, {19}, {20}, {21}, {22}, {23}, {24}, {25}, {26}, {27}, {28}, {29}, {30}, {31}, {32}, {33}, {34}, {35}, {36}, {37}, {38}, {39}, {40}, {41}, {42}, {43}, {44}, {45}, {46}, {47},{48},{49},{50},{51}, {52},{53},{54},{55}, {56},{57},{58},{59},{60},{61},{62},{63},{64}, {65}, {66}, {67}, {68}, {69}, {70}, {71}, {72}, {73}, {74}, {75}, {76}, {77}, {78}, {79}, {80}, {81}, {82}, {83}, {84}, {85}, {86}, {87}, {88}, {89}, {90}, {91}, {92}, {93}, {94}, {95}, {96}
	96

	2
	{1~2},{2~3},{3~4},{4~5},{5~6},{6~7},{7~8},{8~9},{9~10},{10~11},{11~12},{12~13},{13~14},{14~15},{15~16},{16~17},{17~18},{18~19},{19~20},{20~21},{21~22},{22~23},{23~24},{24~25},{25~26},{26~27},{27~28},{28~29},{29~30},{30~31},{31~32},{32~33},{33~34},{34~35},{35~36},{36~37},{37~38},{38~39},{39~40},{40~41},{41~42},{42~43},{43~44},{44~45},{45~46},{46~47},{47~48},{48~49},{49~50},{50~51},{51~52},{52~53},{53~54},{54~55},{55~56},{56~57},{57~58},{58~59},{59~60},{60~61},{61~62},{62~63},{63~64},{64~65},{65~66},{66~67},{67~68},{68~69},{69~70},{70~71},{71~72},{72~73},{73~74},{74~75},{75~76},{76~77},{77~78},{78~79},{79~80},{80~81},{81~82},{82~83},{83~84},{84~85},{85~86},{86~87},{87~88},{88~89},{89~90},{90~91},{91~92},{92~93},{93~94},{94~95},{95~96}
	95

	3
	{1~3},{2~4},{3~5},{4~6},{5~7},{6~8},{7~9},{8~10},{9~11},{10~12},{11~13},{12~14},{13~15},{14~16},{15~17},{16~18},{17~19},{18~20},{19~21},{20~22},{21~23},{22~24},{23~25},{24~26},{25~27},{26~28},{27~29},{28~30},{29~31},{30~32},{31~33},{32~34},{33~35},{34~36},{35~37},{36~38},{37~39},{38~40},{39~41},{40~42},{41~43},{42~44},{43~45},{44~46},{45~47},{46~48},{47~49},{48~50},{49~51},{50~52},{51~53},{52~54},{53~55},{54~56},{55~57},{56~58},{57~59},{58~60},{59~61},{60~62},{61~63},{62~64},{63~65},{64~66},{65~67},{66~68},{67~69},{68~70},{69~71},{70~72},{71~73},{72~74},{73~75},{74~76},{75~77},{76~78},{77~79},{78~80},{79~81},{80~82},{81~83},{82~84},{83~85},{84~86},{85~87},{86~88},{87~89},{88~90},{89~91},{90~92},{91~93},{92~94},{93~95},{94~96}
	94

	4
	{1~4},{2~5},{3~6},{4~7},{5~8},{6~9},{7~10},{8~11},{9~12},{10~13},{11~14},{12~15},{13~16},{14~17},{15~18},{16~19},{17~20},{18~21},{19~22},{20~23},{21~24},{22~25},{23~26},{24~27},{25~28},{26~29},{27~30},{28~31},{29~32},{30~33},{31~34},{32~35},{33~36},{34~37},{35~38},{36~39},{37~40},{38~41},{39~42},{40~43},{41~44},{42~45},{43~46},{44~47},{45~48},{46~49},{47~50},{48~51},{49~52},{50~53},{51~54},{52~55},{53~56},{54~57},{55~58},{56~59},{57~60},{58~61},{59~62},{60~63},{61~64},{62~65},{63~66},{64~67},{65~68},{66~69},{67~70},{68~71},{69~72},{70~73},{71~74},{72~75},{73~76},{74~77},{75~78},{76~79},{77~80},{78~81},{79~82},{80~83},{81~84},{82~85},{83~86},{84~87},{85~88},{86~89},{87~90},{88~91},{89~92},{90~93},{91~94},{92~95},{93~96}
	93

	5
	{1~5},{2~6},{3~7},{4~8},{5~9},{6~10},{7~11},{8~12},{9~13},{10~14},{11~15},{12~16},{13~17},{14~18},{15~19},{16~20},{17~21},{18~22},{19~23},{20~24},{21~25},{22~26},{23~27},{24~28},{25~29},{26~30},{27~31},{28~32},{29~33},{30~34},{31~35},{32~36},{33~37},{34~38},{35~39},{36~40},{37~41},{38~42},{39~43},{40~44},{41~45},{42~46},{43~47},{44~48},{45~49},{46~50},{47~51},{48~52},{49~53},{50~54},{51~55},{52~56},{53~57},{54~58},{55~59},{56~60},{57~61},{58~62},{59~63},{60~64},{61~65},{62~66},{63~67},{64~68},{65~69},{66~70},{67~71},{68~72},{69~73},{70~74},{71~75},{72~76},{73~77},{74~78},{75~79},{76~80},{77~81},{78~82},{79~83},{80~84},{81~85},{82~86},{83~87},{84~88},{85~89},{86~90},{87~91},{88~92},{89~93},{90~94},{91~95},{92~96}
	92

	6
	{1~6},{2~7},{3~8},{4~9},{5~10},{6~11},{7~12},{8~13},{9~14},{10~15},{11~16},{12~17},{13~18},{14~19},{15~20},{16~21},{17~22},{18~23},{19~24},{20~25},{21~26},{22~27},{23~28},{24~29},{25~30},{26~31},{27~32},{28~33},{29~34},{30~35},{31~36},{32~37},{33~38},{34~39},{35~40},{36~41},{37~42},{38~43},{39~44},{40~45},{41~46},{42~47},{43~48},{44~49},{45~50},{46~51},{47~52},{48~53},{49~54},{50~55},{51~56},{52~57},{53~58},{54~59},{55~60},{56~61},{57~62},{58~63},{59~64},{60~65},{61~66},{62~67},{63~68},{64~69},{65~70},{66~71},{67~72},{68~73},{69~74},{70~75},{71~76},{72~77},{73~78},{74~79},{75~80},{76~81},{77~82},{78~83},{79~84},{80~85},{81~86},{82~87},{83~88},{84~89},{85~90},{86~91},{87~92},{88~93},{89~94},{90~95},{91~96}
	91

	7
	{1~7},{2~8},{3~9},{4~10},{5~11},{6~12},{7~13},{8~14},{9~15},{10~16},{11~17},{12~18},{13~19},{14~20},{15~21},{16~22},{17~23},{18~24},{19~25},{20~26},{21~27},{22~28},{23~29},{24~30},{25~31},{26~32},{27~33},{28~34},{29~35},{30~36},{31~37},{32~38},{33~39},{34~40},{35~41},{36~42},{37~43},{38~44},{39~45},{40~46},{41~47},{42~48},{43~49},{44~50},{45~51},{46~52},{47~53},{48~54},{49~55},{50~56},{51~57},{52~58},{53~59},{54~60},{55~61},{56~62},{57~63},{58~64},{59~65},{60~66},{61~67},{62~68},{63~69},{64~70},{65~71},{66~72},{67~73},{68~74},{69~75},{70~76},{71~77},{72~78},{73~79},{74~80},{75~81},{76~82},{77~83},{78~84},{79~85},{80~86},{81~87},{82~88},{83~89},{84~90},{85~91},{86~92},{87~93},{88~94},{89~95},{90~96}
	90

	8
	{1~8},{2~9},{3~10},{4~11},{5~12},{6~13},{7~14},{8~15},{9~16},{10~17},{11~18},{12~19},{13~20},{14~21},{15~22},{16~23},{17~24},{18~25},{19~26},{20~27},{21~28},{22~29},{23~30},{24~31},{25~32},{26~33},{27~34},{28~35},{29~36},{30~37},{31~38},{32~39},{33~40},{34~41},{35~42},{36~43},{37~44},{38~45},{39~46},{40~47},{41~48},{42~49},{43~50},{44~51},{45~52},{46~53},{47~54},{48~55},{49~56},{50~57},{51~58},{52~59},{53~60},{54~61},{55~62},{56~63},{57~64},{58~65},{59~66},{60~67},{61~68},{62~69},{63~70},{64~71},{65~72},{66~73},{67~74},{68~75},{69~76},{70~77},{71~78},{72~79},{73~80},{74~81},{75~82},{76~83},{77~84},{78~85},{79~86},{80~87},{81~88},{82~89},{83~90},{84~91},{85~92},{86~93},{87~94},{88~95},{89~96}
	89

	9
	{1~9},{2~10},{3~11},{4~12},{5~13},{6~14},{7~15},{8~16},{9~17},{10~18},{11~19},{12~20},{13~21},{14~22},{15~23},{16~24},{17~25},{18~26},{19~27},{20~28},{21~29},{22~30},{23~31},{24~32},{25~33},{26~34},{27~35},{28~36},{29~37},{30~38},{31~39},{32~40},{33~41},{34~42},{35~43},{36~44},{37~45},{38~46},{39~47},{40~48},{41~49},{42~50},{43~51},{44~52},{45~53},{46~54},{47~55},{48~56},{49~57},{50~58},{51~59},{52~60},{53~61},{54~62},{55~63},{56~64},{57~65},{58~66},{59~67},{60~68},{61~69},{62~70},{63~71},{64~72},{65~73},{66~74},{67~75},{68~76},{69~77},{70~78},{71~79},{72~80},{73~81},{74~82},{75~83},{76~84},{77~85},{78~86},{79~87},{80~88},{81~89},{82~90},{83~91},{84~92},{85~93},{86~94},{87~95},{88~96}
	88

	10
	{1~10},{2~11},{3~12},{4~13},{5~14},{6~15},{7~16},{8~17},{9~18},{10~19},{11~20},{12~21},{13~22},{14~23},{15~24},{16~25},{17~26},{18~27},{19~28},{20~29},{21~30},{22~31},{23~32,{24~33},{25~34},{26~35},{27~36},{28~37},{29~38},{30~39},{31~40},{32~41},{33~42},{34~43},{35~44},{36~45},{37~46},{38~47},{39~48},{40~49},{41~50},{42~51},{43~52},{44~53},{45~54},{46~55},{47~56},{48~57},{49~58},{50~59},{51~60},{52~61},{53~62},{54~63},{55~64},{56~65},{57~66},{58~67},{59~68},{60~69},{61~70},{62~71},{63~72},{64~73},{65~74},{66~75},{67~76},{68~77},{69~78},{70~79},{71~80},{72~81},{73~82},{74~83},{75~84},{76~85},{77~86},{78~87},{79~88},{80~89},{81~90},{82~91},{83~92},{84~93},{85~94},{86~95},{87~96}
	87

	11
	{1~11},{2~12},{3~13},{4~14},{5~15},{6~16},{7~17},{8~18},{9~19},{10~20},{11~21},{12~22},{13~23},{14~24},{15~25},{16~26},{17~27},{18~28},{19~29},{20~30},{21~31},{22~32},{23~33},{24~34},{25~35},{26~36},{27~37},{28~38},{29~39},{30~40},{31~41},{32~42},{33~43},{34~44},{35~45},{36~46},{37~47},{38~48},{39~49},{40~50},{41~51},{42~52},{43~53},{44~54},{45~55},{46~56},{47~57},{48~58},{49~59},{50~60},{51~61},{52~62},{53~63},{54~64},{55~65},{56~66},{57~67},{58~68},{59~69},{60~70},{61~71},{62~72},{63~73},{64~74},{65~75},{66~76},{67~77},{68~78},{69~79},{70~80},{71~81},{72~82},{73~83},{74~84},{75~85},{76~86},{77~87},{78~88},{79~89},{80~90},{81~91},{82~92},{83~93},{84~94},{85~95},{86~96}
	86

	12
	{1~12},{2~13},{3~14},{4~15},{5~16},{6~17},{7~18},{8~19},{9~20},{10~21},{11~22},{12~23},{13~24},{14~25},{15~26},{16~27},{17~28},{18~29},{19~30},{20~31},{21~32},{22~33},{23~34},{24~35},{25~36},{26~37},{27~38},{28~39},{29~40},{30~41},{31~42},{32~43},{33~44},{34~45},{35~46},{36~47},{37~48},{38~49},{39~50},{40~51},{41~52},{42~53},{43~54},{44~55},{45~56},{46~57},{47~58},{48~59},{49~60},{50~61},{51~62},{52~63},{53~64},{54~65},{55~66},{56~67},{57~68},{58~69},{59~70},{60~71},{61~72},{62~73},{63~74},{64~75},{65~76},{66~77},{67~78},{68~79},{69~80},{70~81},{71~82},{72~83},{73~84},{74~85},{75~86},{76~87},{77~88},{78~89},{79~90},{80~91},{81~92},{82~93},{83~94},{84~95},{85~96}
	85

	14
	{1~14},{2~15},{3~16},{4~17},{5~18},{6~19},{7~20},{8~21},{9~22},{10~23},{11~24},{12~25},{13~26},{14~27},{15~28},{16~29},{17~30},{18~31},{19~32},{20~33},{21~34},{22~35},{23~36},{24~37},{25~38},{26~39},{27~40},{28~41},{29~42},{30~43},{31~44},{32~45},{33~46},{34~47},{35~48},{36~49},{37~50},{38~51},{39~52},{40~53},{41~54},{42~55},{43~56},{44~57},{45~58},{46~59},{47~60},{48~61},{49~62},{50~63},{51~64},{52~65},{53~66},{54~67},{55~68},{56~69},{57~70},{58~71},{59~72},{60~73},{61~74},{62~75},{63~76},{64~77},{65~78},{66~79},{67~80},{68~81},{69~82},{70~83},{71~84},{72~85},{73~86},{74~87},{75~88},{76~89},{77~90},{78~91},{79~92},{80~93},{81~94},{82~95},{83~96}
	83

	16
	{1~16},{2~17},{3~18},{4~19},{5~20},{6~21},{7~22},{8~23},{9~24},{10~25},{11~26},{12~27},{13~28},{14~29},{15~30},{16~31},{17~32},{18~33},{19~34},{20~35},{21~36},{22~37},{23~38},{24~39},{25~40},{26~41},{27~42},{28~43},{29~44},{30~45},{31~46},{32~47},{33~48},{34~49},{35~50},{36~51},{37~52},{38~53},{39~54},{40~55},{41~56},{42~57},{43~58},{44~59},{45~60},{46~61},{47~62},{48~63},{49~64},{50~65},{51~66},{52~67},{53~68},{54~69},{55~70},{56~71},{57~72},{58~73},{59~74},{60~75},{61~76},{62~77},{63~78},{64~79},{65~80},{66~81},{67~82},{68~83},{69~84},{70~85},{71~86},{72~87},{73~88},{74~89},{75~90},{76~91},{77~92},{78~93},{79~94},{80~95},{81~96}
	81

	18
	{1~18},{2~19},{3~20},{4~21},{5~22},{6~23},{7~24},{8~25},{9~26},{10~27},{11~28},{12~29},{13~30},{14~31},{15~32},{16~33},{17~34},{18~35},{19~36},{20~37},{21~38},{22~39},{23~40},{24~41},{25~42},{26~43},{27~44},{28~45},{29~46},{30~47},{31~48},{32~49},{33~50},{34~51},{35~52},{36~53},{37~54},{38~55},{39~56},{40~57},{41~58},{42~59},{43~60},{44~61},{45~62},{46~63},{47~64},{48~65},{49~66},{50~67},{51~68},{52~69},{53~70},{54~71},{55~72},{56~73},{57~74},{58~75},{59~76},{60~77},{61~78},{62~79},{63~80},{64~81},{65~82},{66~83},{67~84},{68~85},{69~86},{70~87},{71~88},{72~89},{73~90},{74~91},{75~92},{76~93},{77~94},{78~95},{79~96}
	79

	20
	{1~20},{2~21},{3~22},{4~23},{5~24},{6~25},{7~26},{8~27},{9~28},{10~29},{11~30},{12~31},{13~32},{14~33},{15~34},{16~35},{17~36},{18~37},{19~38},{20~39},{21~40},{22~41},{23~42},{24~43},{25~44},{26~45},{27~46},{28~47},{29~48},{30~49},{31~50},{32~51},{33~52},{34~53},{35~54},{36~55},{37~56},{38~57},{39~58},{40~59},{41~60},{42~61},{43~62},{44~63},{45~64},{46~65},{47~66},{48~67},{49~68},{50~69},{51~70},{52~71},{53~72},{54~73},{55~74},{56~75},{57~76},{58~77},{59~78},{60~79},{61~80},{62~81},{63~82},{64~83},{65~84},{66~85},{67~86},{68~87},{69~88},{70~89},{71~90},{72~91},{73~92},{74~93},{75~94},{76~95},{77~96}
	77

	22
	{1~22},{2~23},{3~24},{4~25},{5~26},{6~27},{7~28},{8~29},{9~30},{10~31},{11~32},{12~33},{13~34},{14~35},{15~36},{16~37},{17~38},{18~39},{19~40},{20~41},{21~42},{22~43},{23~44},{24~45},{25~46},{26~47},{27~48},{28~49},{29~50},{30~51},{31~52},{32~53},{33~54},{34~55},{35~56},{36~57},{37~58},{38~59},{39~60},{40~61},{41~62},{42~63},{43~64},{44~65},{45~66},{46~67},{47~68},{48~69},{49~70},{50~71},{51~72},{52~73},{53~74},{54~75},{55~76},{56~77},{57~78},{58~79},{59~80},{60~81},{61~82},{62~83},{63~84},{64~85},{65~86},{66~87},{67~88},{68~89},{69~90},{70~91},{71~92},{72~93},{73~94},{74~95},{75~96}
	75

	24
	{1~24},{2~25},{3~26},{4~27},{5~28},{6~29},{7~30},{8~31},{9~32},{10~33},{11~34},{12~35},{13~36},{14~37},{15~38},{16~39},{17~40},{18~41},{19~42},{20~43},{21~44},{22~45},{23~46},{24~47},{25~48},{26~49},{27~50},{28~51},{29~52},{30~53},{31~54},{32~55},{33~56},{34~57},{35~58},{36~59},{37~60},{38~61},{39~62},{40~63},{41~64},{42~65},{43~66},{44~67},{45~68},{46~69},{47~70},{48~71},{49~72},{50~73},{51~74},{52~75},{53~76},{54~77},{55~78},{56~79},{57~80},{58~81},{59~82},{60~83},{61~84},{62~85},{63~86},{64~87},{65~88},{66~89},{67~90},{68~91},{69~92},{70~93},{71~94},{72~95},{73~96}
	73

	28
	{1~28},{2~29},{3~30},{4~31},{5~32},{6~33},{7~34},{8~35},{9~36},{10~37},{11~38},{12~39},{13~40},{14~41},{15~42},{16~43},{17~44},{18~45},{19~46},{20~47},{21~48},{22~49},{23~50},{24~51},{25~52},{26~53},{27~54},{28~55},{29~56},{30~57},{31~58},{32~59},{33~60},{34~61},{35~62},{36~63},{37~64},{38~65},{39~66},{40~67},{41~68},{42~69},{43~70},{44~71},{45~72},{46~73},{47~74},{48~75},{49~76},{50~77},{51~78},{52~79},{53~80},{54~81},{55~82},{56~83},{57~84},{58~85},{59~86},{60~87},{61~88},{62~89},{63~90},{64~91},{65~92},{66~93},{67~94},{68~95},{69~96}
	69

	32
	{1~32},{2~33},{3~34},{4~35},{5~36},{6~37},{7~38},{8~39},{9~40},{10~41},{11~42},{12~43},{13~44},{14~45},{15~46},{16~47},{17~48},{18~49},{19~50},{20~51},{21~52},{22~53},{23~54},{24~55},{25~56},{26~57},{27~58},{28~59},{29~60},{30~61},{31~62},{32~63},{33~64},{34~65},{35~66},{36~67},{37~68},{38~69},{39~70},{40~71},{41~72},{42~73},{43~74},{44~75},{45~76},{46~77},{47~78},{48~79},{49~80},{50~81},{51~82},{52~83},{53~84},{54~85},{55~86},{56~87},{57~88},{58~89},{59~90},{60~91},{61~92},{62~93},{63~94},{64~95},{65~96}
	65

	36
	{1~36},{2~37},{3~38},{4~39},{5~40},{6~41},{7~42},{8~43},{9~44},{10~45},{11~46},{12~47},{13~48},{14~49},{15~50},{16~51},{17~52},{18~53},{19~54},{20~55},{21~56},{22~57},{23~58},{24~59},{25~60},{26~61},{27~62},{28~63},{29~64},{30~65},{31~66},{32~67},{33~68},{34~69},{35~70},{36~71},{37~72},{38~73},{39~74},{40~75},{41~76},{42~77},{43~78},{44~79},{45~80},{46~81},{47~82},{48~83},{49~84},{50~85},{51~86},{52~87},{53~88},{54~89},{55~90},{56~91},{57~92},{58~93},{59~94},{60~95},{61~96}
	61

	40
	{1~40},{2~41},{3~42},{4~43},{5~44},{6~45},{7~46},{8~47},{9~48},{10~49},{11~50},{12~51},{13~52},{14~53},{15~54},{16~55},{17~56},{18~57},{19~58},{20~59},{21~60},{22~61},{23~62},{24~63},{25~64},{26~65},{27~66},{28~67},{29~68},{30~69},{31~70},{32~71},{33~72},{34~73},{35~74},{36~75},{37~76},{38~77},{39~78},{40~79},{41~80},{42~81},{43~82},{44~83},{45~84},{46~85},{47~86},{48~87},{49~88},{50~89},{51~90},{52~91},{53~92},{54~93},{55~94},{56~95},{57~96}
	57

	44
	{1~44},{2~45},{3~46},{4~47},{5~48},{6~49},{7~50},{8~51},{9~52},{10~53},{11~54},{12~55},{13~56},{14~57},{15~58},{16~59},{17~60},{18~61},{19~62},{20~63},{21~64},{22~65},{23~66},{24~67},{25~68},{26~69},{27~70},{28~71},{29~72},{30~73},{31~74},{32~75},{33~76},{34~77},{35~78},{36~79},{37~80},{38~81},{39~82},{40~83},{41~84},{42~85},{43~86},{44~87},{45~88},{46~89},{47~90},{48~91},{49~92},{50~93},{51~94},{52~95},{53~96}
	53

	48
	{1~48},{2~49},{3~50},{4~51},{5~52},{6~53},{7~54},{8~55},{9~56},{10~57},{11~58},{12~59},{13~60},{14~61},{15~62},{16~63},{17~64},{18~65},{19~66},{20~67},{21~68},{22~69},{23~70},{24~71},{25~72},{26~73},{27~74},{28~75},{29~76},{30~77},{31~78},{32~79},{33~80},{34~81},{35~82},{36~83},{37~84},{38~85},{39~86},{40~87},{41~88},{42~89},{43~90},{44~91},{45~92},{46~93},{47~94},{48~95},{49~96}
	49

	56
	{1~56},{2~57},{3~58},{4~59},{5~60},{6~61},{7~62},{8~63},{9~64},{10~65},{11~66},{12~67},{13~68},{14~69},{15~70},{16~71},{17~72},{18~73},{19~74},{20~75},{21~76},{22~77},{23~78},{24~79},{25~80},{26~81},{27~82},{28~83},{29~84},{30~85},{31~86},{32~87},{33~88},{34~89},{35~90},{36~91},{37~92},{38~93},{39~94},{40~95},{41~96}
	41

	64
	{1~64},{2~65},{3~66},{4~67},{5~68},{6~69},{7~70},{8~71},{9~72},{10~73},{11~74},{12~75},{13~76},{14~77},{15~78},{16~79},{17~80},{18~81},{19~82},{20~83},{21~84},{22~85},{23~86},{24~87},{25~88},{26~89},{27~90},{28~91},{29~92},{30~93},{31~94},{32~95},{33~96}
	33

	72
	{1~72},{2~73},{3~74},{4~75},{5~76},{6~77},{7~78},{8~79},{9~80},{10~81},{11~82},{12~83},{13~84},{14~85},{15~86},{16~87},{17~88},{18~89},{19~90},{20~91},{21~92},{22~93},{23~94},{24~95},{25~96}
	25

	80
	{1~80},{2~81},{3~82},{4~83},{5~84},{6~85},{7~86},{8~87},{9~88},{9~89},{9~90},{9~91},{10~92},{11~93},{12~94},{13~95},{14~96}
	17

	88
	{1~88},{2~89},{3~90},{4~91},{5~92},{6~93},{7~94},{8~95},{9~96}
	9

	92
	{1~92},{2~93},{3~94},{4~95},{5~96}
	5

	93
	{1~93},{2~94},{3~95},{4~96}
	4

	94
	{1~94},{2~95},{3~96}
	3

	95
	{1~95},{2~96}
	2

	96
	{1~96}
	1

	Total
	log2(96*97/2-2608) = log2(2048) = 11 bits 
	2048


3. Resource Indexing with 11 bits for a 20MHz system bandwidth


[image: image1.emf]11

96

95

94

93

92

80

88

48

44

16

14

01234567891011129192939495968889908586871314

1

2

3

4

5

6

7

8

9

10

12

Assignable Resource 

Size ( contiguous LRUs)

LRU Index

Increments of 

8 LRUs

Increments of 

4 LRUs

Increments of 

2 LRUs

Increments of 

1 LRU


Figure 1: Assignment structure for 11-bit Resource Indexing for 20MHz 
As can be seen from Table 1 and Figure 1, in order to determine the resource index RI for an allocation, the ABS requires the size S and index of the LRU from where the scheduled allocation begins, L. 

The ABS also maintains a vector Ia of length Nmax ,in which the non-zero entries contain the starting index for each of the K=34 assignable resource sizes listed in Table 1. The 11 bit resource indices in Ia run from 0 through 2047 and the entries in Ia are calculated as 0, (0+96-1), (0+96+95-1), (0+96+95+94-1), ….., 0, 0, (2047- 2-3-4-9-17-25), 0, 0, 0, 0, 0, 0, 0, (2047-2-3-4-9-17), 0, 0, 0, 0, 0, 0, 0, (2047-2-3-4-9), 0, 0, 0, (2047-2-3-4-5), (2047-2-3-4), (2047-2-3), (2047-2), 2047. 
Specifically, the ith element of Ia, 
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The resource index RI for an allocation of size S LRUs beginning at LRU L is computed as
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The ABS first determines if the required resource size is assignable by checking if the (S-1)th element in Ia has a non-zero value. If the size S is assignable, then the 11 bit resource index is then determined by simply adding L to the value of the Sth element in Ia. If the required resource is not assignable, the next higher or lower non-zero element in Ia is selected based on the link adaptation scheme employed.

Note that the same scheme can be applied to the 5 and 10 Mhz system bandwidths where the length of Ia is 24 and 48 respectively and all values in Ia correspond to non-zero indices for every allocation size. 

The ith element of Ia, for 9 bit resource indexing for 5 MHz is defined as:
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The resource index RI for an allocation of size S LRUs beginning at LRU L is computed as
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Similarly, the ith element of Ia, for 11 bit resource indexing for 10 MHz are defined as:
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At the receiver the 11 bit index, RI in the A-MAP is decoded as follows. The value of element S in Ia with the smallest value equal to or less than the index is used to determine the assigned resource size S. Let this value be Ia (i).


The starting LRU for the allocation is determined by subtracting the value of the Sth element in Ia from the index in the A-MAP, i.e., 

L=RI- Ia (i) 
4. Analysis of the impact on link adaptation with resource indexing with 12 bits for a 20MHz system bandwidth
In IEEE 802.16m, the effective code rate Re is determined by the burst size L (bytes) and resource size K (LRUs): 
Re =L/K, where  depends on the subframe type and pilot pattern. 
When the ABS receives an MPDU of size L and CQI feedback MCS level R0, it is desirable for BS to allocate right amount of resource to accommodate the MPDU at the desired MCS level R0. The effective code rate Re may not exactly match the desired code rate R0 because the allocated resource needs to be an integer multiple of LRUs. However, it is desirable to keep Re as close to R0 as possible, i.e.


[image: image9.wmf]i

e

i

e

MCS

R

R

R

-

=

-

Î

]

15

,

0

[

0

min

  
Table 2 lists the 16 levels of MCS feedback currently supported in IEEE 802.16m. It must be noted that the minimum step of code rate change is 34/256 (between MCS #0 and #1). Most steps are above 1/6 except MCS #0 ( #1. 
If the minimum step between MCS levels that are fed back is denoted as:
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from Table 2, it can be seen that 
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Table 2: Nominal MCS levels for 802.16m
	MCS index
	Nominal code rate (R)
	ΔR
	MCS index
	Nominal code rate (R)
	ΔR

	0
	62/256
	
	8
	620/256
	108/256

	1
	96/256
	34/256
	9
	740/256
	120/256

	2
	142/256
	46/256
	10
	810/256
	70/256

	3
	202/256
	60/256
	11
	942/256
	132/256

	4
	270/256
	68/256
	12
	1086/256
	144/256

	5
	342/256
	72/256
	13
	1230/256
	146/256

	6
	408/256
	66/256
	14
	1350/256
	120/256

	7
	512/256
	104/256
	15
	1422/256
	72/256


Consider two types of resource indexing schemes (A) Full indexing, where all possible resource sizes 
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 are supported; (B) Partial indexing, where only a subset of the resource sizes are supported 
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Assume with full indexing (scheme A), Ni resource units can be allocated to best match the effective code rate Ri =L/Ni to the code rate R0 that is fed back. With scheme B, effective code rate Ri may not be supported because source size Ni is not supported. The scheduler may have to allocate next available higher or lower resource sizes (Mj-1 or Mj as shown in the figure below) which results in effective code rate Rj-1 =L/Mj-1 or Rj =L/Mj. 
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Let 
[image: image15.wmf]11

1

1

i

jjii

j

N

RRR

M

d

--

-

æö

=-=-

ç÷

ç÷

èø

  and 
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. Let 
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Since
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From the figure, it can be seen that either Rj-1 or Rj will approximate the desired code rate Ro if 
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Therefore, we have
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From Table 2, we see that 
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In the proposed resource indexing scheme with 11 bits, 
1. In the ranges of 1 to 12 LRUs and 92 to 96 LRUs, there is full flexibility. In these ranges, the proposed indexing scheme does as well as the indexing scheme with full flexibility since allocations can be made in increments of 1 LRU.
2. In the remaining ranges of allocation sizes, a comparison of the partial indexing scheme with the scheme with full flexibility shows that link adaptation is not adversely affected, since the requirement is met for every assignable size, Ni in the specified ranges.
a. In the range of 12 to 24 LRUs, 
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 in the worst case.
b. In the range of 24 to 48 LRUs, 
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 in the worst case.
c. In the range of 48 to 92 LRUs, partial indexing does not impact link adaptation since the requirement is met for every assignable size, Ni in the given range. In the worst case,  
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It can be seen that
[image: image29.wmf]34

1422

i

i

N

N

D

<

 for all ranges of allocation sizes, thereby ensuring that link adaptation with the granularity of feedback MCS levels as defined in the 802.16m is not adversely affected by the proposed reduction in assignable resource indices.
Conversely it can be seen that any further reduction in the number of bits for resource indexing will increase the separation between assignable indices in some ranges and consequently have an adverse impact on link adaptation. 
It is therefore recommended that at least 11 bits should be used for resource indexing for 20 MHz.
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Amendment text proposal for inclusion in 802.16m-09/0010r2
Instructions to Editor
Section 15.3.6.2.2.2 in the AWD describes the Assignment A-MAP. It is proposed that a subsection ( 7 level heading?) on Resource Indexing is added under Section 15.3.6.2.2.2 to include the proposed text.
-------------------------------  Start Text Proposal ---------------------------------------------------
15.3.6.2.2.2.1 Resource Indexing in the Assignment A-MAP
The resource index RI for an allocation of contiguous LRUs in a DL/UL subframe contains information about the size (S) of the allocated resource in number of contiguous LRUs and index (L) of the LRU from where the scheduled allocation begins.

Determining the Resource Index for the Scheduled Resource at the ABS
For a given system bandwidth, the ABS maintains a vector Ia of length Nmax ,in which the non-zero entries contain the starting index for each of the assignable resource sizes. 
The ith element of Ia, 
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 for 11 bit resource indexing in a DL/UL subframe for a 20 MHz system bandwidth is defined as
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The resource index RI for an allocation of size S LRUs beginning at LRU L is computed as
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The ABS first determines if the required resource size is assignable by checking if the (S-1)th element in Ia has a non-zero value. If the size S is assignable, then the 11 bit resource index is then determined by simply adding L to the value of the Sth element in Ia. If the required resource is not assignable, the next higher or lower non-zero element in Ia is selected based on the link adaptation scheme employed.
The ith element of Ia, 
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, for 11 bit resource indexing in a DL/UL subframe for a 10 MHz system bandwidth is defined as:
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The ith element of Ia, 
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 for 9 bit resource indexing in a DL/UL subframe for a 5 MHz system bandwidth is defined as:
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The resource index RI for an allocation of size S LRUs beginning at LRU L is computed as
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Determining the Scheduled Resource from the Resource Index at the Receiver
At the receiver the 11 bit index, RI in the A-MAP is decoded as follows. The value of element S in Ia with the smallest value equal to or less than the index is used to determine the assigned resource size S. Let this value be Ia (i).


The starting LRU for the allocation is determined by subtracting the value of the Sth element in Ia from the index in the A-MAP, i.e., 
L=RI- Ia (i)
-------------------------------  End Text Proposal ---------------------------------------------------[image: image39.png]
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