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Introduction
The contribution proposes the text of link adaptation section to be included in the 802.16m amendment [1]. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D9 [2], it is compliant to the 802.16m SRD [3] and the 802.16m SDD [4], and it follows the style and format guidelines in [5].
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Proposed Amendment Text
-------------------------------------------------------------------------------------------------------------------------------------
15.3.x Link Adaptation
15.3.x.1 DL Link Adaptation 
Adaptive modulation and channel coding (AMC) scheme is supported for DL transmission. The serving ABS can adapt the modulation and coding scheme (MCS) level based on the DL channel quality indicator (CQI) reported from AMS through UL feedback channel. In time-division-duplex (TDD) system DL channel quality can be also derived from the estimate of the UL channel at ABS, assuming that UL and DL channels are reciprocal. This estimate can be done relying on the UL data transmission or sounding /reference signal from AMS. 
15.3.x.1.1 DL Channel Quality Acquiring by ABS 

15.3.x.1.1.1 DL Channel Quality Estimation Based on UL Sounding for TDD
ABS broadcasts the sounding region used by the AMSs for transmitting the sounding signal in the UL. After ABS receives the averaged DL CQI (i.e., averaged on the whole bandwidth) from AMSs, ABS decides according to the CQI information which AMSs should perform UL sounding and then transmits the Sounding Request message (TBD) to the AMSs informing the parameters used for performing the sounding. The sounding parameters include sounding signal configuration and sounding channel allocations. 
ABS may broadcast a per-PRU/subband CQI threshold and the informed AMSs perform opportunistic sounding based on the CQI threshold. If opportunistic sounding is enabled for an AMS, the AMS sends sounding signals on only specified sounding channels. If the CQI measured on DL for a particular PRU/subband exceeds the CQI threshold then the AMS transmits sounding signal in the corresponding UL PRU/subband. Otherwise, the AMS shall not transmit the sounding signal in the corresponding PRU/subband. ABS detects the sounding signals in allocated sounding channels and can calculate the CQI information of UL PRU/subband where AMS transmits sounding signals. When the AMS transmits sounding signal, it should adjust the sounding Tx power control level which can be used to determine the DL per PRU/subband CQI by ABS. 
15.3.x.1.1.1.1  DL Channel Quality Estimation Based on UL Sounding for AMS with Multi Tx Antennas
ABS can assign AMS to send multiple sounding signals with multiple Tx chains. Maximum number of sounding signals transmitted by an AMS is the number of Tx chains of the AMS. When the number of AMS Tx chains is the same as that of AMS Rx chains and that of assigned sounding channels, AMS transmits sounding signal on each assigned sounding channel with the corresponding Tx chain. When the number of AMS Tx chains is the same as that of AMS Rx chains but larger than that of assigned sounding channels, ABS can assign a unique sounding channel to the first physical Tx antenna of the AMS and to allow the rest physical Tx antennas to share the remaining sounding channels, with which ABS can probabilistically achieve most MIMO channel information with minimized sounding channel allocation. For example, one AMS has two Tx antennas called AMS_11 and AMS_12 and another AMS has two Tx antennas called AMS_21 and AMS_22. ABS can assign a unique sounding channel to AMS_11 and another unique sounding channel to AMS_21. ABS should assign a shared sounding channel to both AMS_12 and AMS_22 to minimize sounding channel occupancy. On the other hand, ABS can also control the AMS to switch the sounding channels between the physical Tx antennas, with which ABS can deterministically achieve full MIMO channel information with full sounding channel allocations for each individual physical Tx antennas. Also, when the number of AMS Tx chains is smaller than that of AMS Rx chains, ABS can control the AMS to switch the physical Tx antennas. The signaling method is TBD.
15.3.x.1.2 DL Burst Size Determination 

ABS decides the MCS level and MIMO mode based on the DL channel quality information for data transmission, and further decides the resource allocation based on size of MAC PDU to be transmitted. The resource allocation includes LRU type, LRU number and LRU location etc. ABS indicates MCS level, MIMO mode and LRU type/number/location to AMS, based on which AMS decides the information size in the burst and performs channel decoding.

If MAC PDU can not fit in the allocated LRUs, padding bits will be added to the end of the PDU. ABS can adjust the channel coding rate and remove all or part of the padding bits, to either save one LRU by increasing channel coding rate or to improve performance by reducing channel coding rate. In this case, ABS transmits Burst Size Adjustment to AMS so that AMS can calculate the PDU size and perform the correct channel decoding. The Burst Size Adjustment is denoted by 
[image: image1.wmf]a

 and explained below.
Let 
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       be the number of FEC blocks in the data burst. 
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       be the modulation and coding rate of the burst, which is indicated by the ABS based on channel quality. The corresponding channel coding rate is denoted by 
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, and the modulation order is denoted by 
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       be the number of LRUs to transmit the burst, indicated by ABS.

[image: image7.wmf]RU

N

¢

       be the minimum number of LRUs to contain 
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 bits using the selected MCS and MIMO mode.
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      be the number of information bits which could be transmitted in 
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 LRUs using the selected MCS and MIMO mode .
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 LRUs using the selected MCS and MIMO mode.
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        be the number of bits in the MAC PDU to be transmitted in a burst, 
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     be the number of information bits in the burst after coding rate adjustment
Given 
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 and MIMO mode, 
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 is determined by looking up the burst size table given in section15.3.x.1.2. When 
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 padding bits need to be added to the MAC PDU to form the information bits of the burst, so that the information size of the burst could fit in 
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 LRUs. ABS may decide to adjust the channel coding rate to either save one LUR by increasing coding rate, or to improve the performance of channel coding by reducing coding rate. For the case of increasing coding rate, the 
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 must be greater than 1, and the channel coding rate increase should not sacrifice PER performance to below target. Selection of increasing or reducing coding rate is determined by channel state and the target BLER. The detail selection algorithm is out of scope of 16m specification. Procedure of coding rate adjustment is as follows:    
· Compute 
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· If 
[image: image25.wmf]0

b

=

, there is no need for channel coding rate adjustment. 
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· If 
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, ABS could decide to proceed the following coding rate adjustment. 
· If the coding rate adjustment is not activated, 
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 bits are padded to the burst. The number of information bits transmitted in the burst is 
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· If the coding rate adjustment is activated, 
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 padding bits are removed, 
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 is FFS. Only 
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 bits are added to the burst. [Note: Theoretically, 
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 is the best way to remove padding bits. However, 
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 may not fit in the coding block size table. In this case, certain number of padding bit is still needed anyway.] The number of information bits transmitted in the burst is 
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 should be a value which could fit in the coding block size table as specified in the Channel Coding section. ABS decides whether coding rate is increased or reduced. 

· If coding rate is increased, 

· Set the channel coding rate adjustment indicator, 
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· If coding rate is to be reduced:
· Set the channel coding rate adjustment indicator, 
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 information bits are encoded. After rate matching according to the Channel Coding section, the encoded bits are modulated and mapped to 
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 may be transmitted in Assignment A-MAP. If 
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 and MIMO scheme, AMS can infer 
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15.3.x.1.2.1 DL Burst Size Table 

[Note: the burst size Table 1 is generated based on the assumption of 96 subcarriers per LRU. The number of LRUs per burst is assumed to be from the range [1,100]. The entries in the table could fit in the coding block size table. The MCS table and the coding block size table are defined by the Channel Coding and HARQ DG.]
Table 1 DL burst size table for single data stream
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15.3.x.2 UL Link Adaptation 
Adaptive modulation and channel coding (AMC) scheme is supported for UL transmission. The serving ABS can adapt the modulation and coding scheme (MCS) level based on the UL channel quality estimation and the maximum transmission power by AMS. The definition of UL channel quality indicator is FFS. The UL AMC may be integrated with UL power control and interference mitigation schemes to further achieve higher spectral efficiency. 
15.3.x.2.1 UL Channel Quality Acquiring by ABS 

15.3.x.2.1.1 UL Channel Quality Estimation Based on UL Sounding

ABS broadcasts the sounding region used by the MSs for transmitting the sounding signal in the UL. ABS transmits the Sounding Request message to the AMS informing the parameters used for performing the sounding. The sounding parameters include sounding signal configuration and sounding channel allocations. 
In TDD system, ABS may broadcast a per-PRU/subband CQI threshold and inform MSs to perform opportunistic sounding based on the CQI threshold. If opportunistic sounding is enabled for an AMS, the AMS sends sounding signals on only specified sounding channels. If the CQI measured on DL for a particular PRU/subband exceeds the CQI threshold then the AMS transmits sounding signal in the corresponding UL PRU/subband. Otherwise, the AMS shall not transmit the sounding signal in the corresponding PRU/subband. ABS detects the sounding signals in allocated sounding channels and can calculate the CQI information of UL PRU/subband where AMS transmits sounding signals.
UL channel quality estimation based on UL sounding for AMS with multi Tx antennas is the same as in section 15.3.x.1.1.1.1. ABS can schedule UL MIMO scheme based on UL sounding channel estimation.
-------------------------End of Proposed Amendment Text---------------------------------------------------------
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		# of LRU 
 MCS		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		97		98		99		100

		‘0000’		48		48		72		96		120		136		160		184		208		232		256		272		304		328		352		368		400		416		440		472		496		512		528		552		584		608		624		656		680		696		720		736		768		800		824		848		872		888		912		936		960		984		1000		1024		1048		1072		1096		1112		1136		1160		1184		1216		1248		1248		1280		1312		1336		1336		1368		1392		1424		1448		1480		1480		1504		1536		1560		1600		1600		1640		1640		1672		1712		1712		1752		1752		1784		1824		1824		1864		1896		1896		1920		1952		2000		2000		2000		2048		2048		2096		2096		2144		2144		2192		2192		2232		2232		2280		2280		2328

		‘0001’		48		72		104		144		176		208		248		288		320		352		384		416		456		496		528		568		600		640		664		712		736		776		800		848		888		912		960		984		1024		1048		1096		1136		1160		1184		1248		1280		1312		1336		1368		1424		1448		1480		1504		1560		1600		1640		1672		1672		1712		1752		1784		1824		1864		1896		1952		1952		2000		2048		2096		2096		2144		2192		2232		2232		2280		2328		2368		2368		2432		2496		2496		2560		2560		2624		2624		2624		2752		2752		2816		2816		2880		2880		2944		2944		3008		3008		3072		3072		3200		3200		3200		3264		3264		3328		3328		3392		3392		3456		3520		3520

		‘0010’		48		104		160		208		264		312		368		416		472		528		584		624		680		736		776		848		888		936		1000		1048		1096		1160		1216		1248		1312		1368		1424		1480		1536		1560		1640		1672		1752		1784		1824		1896		1952		2000		2048		2096		2144		2192		2280		2328		2368		2432		2496		2496		2560		2624		2624		2752		2752		2816		2880		2944		3008		3072		3072		3200		3200		3264		3328		3328		3392		3456		3520		3520		3648		3648		3712		3776		3840		3904		3968		3968		4096		4096		4160		4224		4224		4288		4352		4416		4416		4544		4544		4608		4672		4736		4800		4864		4864		4992		4992		4992		5120		5120		5248		5248

		‘0011’		72		144		216		296		368		440		512		584		664		736		800		888		960		1024		1096		1184		1248		1312		1392		1480		1536		1600		1672		1752		1824		1920		2000		2048		2144		2192		2280		2368		2432		2496		2560		2624		2752		2816		2880		2944		3008		3072		3200		3264		3328		3392		3456		3520		3648		3648		3776		3840		3904		3968		4096		4096		4160		4288		4352		4416		4544		4544		4608		4672		4800		4864		4864		4992		5120		5120		5248		5248		5248		5504		5504		5632		5632		5760		5760		5888		5888		6016		6144		6144		6144		6400		6400		6528		6528		6656		6656		6784		6784		6912		7040		7040		7040		7296		7296		7296

		‘0100’		96		200		296		400		496		584		680		776		888		984		1072		1184		1280		1368		1480		1560		1672		1784		1864		1952		2048		2144		2280		2368		2432		2560		2624		2752		2880		2944		3072		3200		3264		3328		3456		3520		3648		3712		3840		3904		3968		4096		4224		4352		4416		4544		4608		4736		4864		4864		4992		5120		5248		5248		5504		5504		5632		5760		5760		5888		6016		6144		6144		6400		6400		6528		6528		6656		6784		6912		6912		7040		7296		7296		7424		7424		7552		7680		7808		7808		7936		7936		8192		8192		8320		8448		8576		8704		8704		8832		8832		9088		9088		9216		9344		9472		9472		9600		9792		9792

		‘0101’		128		248		376		496		624		752		872		1000		1112		1248		1368		1504		1600		1752		1864		2000		2096		2232		2368		2496		2624		2752		2880		3008		3072		3264		3392		3456		3648		3712		3840		3968		4096		4224		4352		4544		4608		4736		4864		4992		5120		5248		5248		5504		5632		5760		5888		6016		6144		6144		6400		6528		6656		6784		6784		6912		7040		7296		7296		7424		7552		7680		7808		7936		8192		8192		8320		8448		8576		8704		8832		9088		9088		9216		9344		9472		9600		9792		9792		9984		10176		10176		10368		10368		10560		10560		10944		10944		11136		11136		11328		11520		11520		11712		11904		11904		11904		12288		12288		12480

		‘0110’		152		296		440		600		752		888		1048		1184		1336		1504		1640		1784		1952		2096		2232		2368		2560		2624		2816		3008		3072		3264		3456		3520		3712		3904		3968		4160		4352		4416		4608		4800		4864		5120		5248		5248		5504		5632		5760		6016		6144		6144		6400		6528		6656		6912		7040		7040		7296		7424		7552		7808		7936		7936		8192		8320		8448		8704		8832		8832		9088		9216		9344		9600		9792		9792		9984		10176		10368		10368		10560		10560		10944		11136		11136		11328		11520		11712		11712		11904		11904		12288		12480		12480		12672		12864		13056		13056		13248		13248		13632		13824		13824		14016		14208		14400		14592		14592		14848		14848

		‘0111’		184		368		552		736		912		1112		1280		1480		1672		1864		2048		2232		2368		2560		2752		2944		3200		3328		3520		3712		3904		4096		4224		4416		4608		4800		4992		5120		5248		5504		5760		5888		6144		6144		6400		6656		6784		7040		7296		7424		7552		7808		7936		8192		8320		8448		8704		8832		9088		9216		9344		9600		9792		9984		10176		10368		10560		10560		10944		11136		11328		11520		11712		11712		11904		12288		12288		12480		12672		12864		13056		13248		13632		13632		13824		14016		14208		14400		14592		14848		14848		15104		15360		15616		15616		15872		15872		16384		16384		16640		16896		16896		17152		17408		17408		17664		17664		18176		18176		18432

		‘1000’		216		440		664		888		1112		1336		1560		1784		2000		2232		2432		2624		2880		3072		3328		3520		3776		3968		4224		4416		4672		4864		5120		5248		5632		5760		6016		6144		6528		6656		6912		7040		7424		7552		7808		7936		8320		8448		8704		8832		9216		9344		9600		9792		9984		10368		10560		10560		10944		11136		11328		11712		11904		11904		12288		12480		12672		13056		13248		13248		13632		13824		14016		14208		14592		14848		14848		15104		15360		15616		15872		15872		16384		16640		16640		16896		17152		17408		17664		17664		18176		18432		18432		18688		18944		19200		19520		19520		19840		19840		20480		20480		20800		21120		21120		21440		21760		21760		22080		22080
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