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 Proposed Text for HARQ buffering capability report (16.2.14)
Tom Harel, Amir Rubin 

Intel Corporation
1. Introduction
This contribution defines the manner of reporting DL HARQ buffering capability by the AMS and the derived manner of operation of both the ABS and AMS.
In 802.16m, the reporting manner of HARQ DL buffering capability and the resulting BS consideration of it are expected to be significantly different than in 802.16e. This is the result of 2 main operational differences: 

· In 802.16m the expected content of the transmissions is based on incremental redundancy mechanism from a mother code with rate of 1/3 whereas in 802.16e the content of the transmissions is according to chase combining operation.

· In 802.16m there is CRC on each FEC block and on the entire HARQ burst while in 802.16e there’s CRC only on the entire HARQ burst.
As a result of these 2 differences it seems clear that while storage of failed bursts in 802.16e is with soft bits for further combining, in 802.16m for efficient buffer utilization, the buffering of all or some of the successful FEC blocks in failed bursts would be with data bits and not with soft bits. Therefore, the capability reported of buffer size in soft bits is not entirely reflecting the buffering capability of the MS.
Additionally, in 802.16e the BS is forced to bound soft bits amount in RTT frames to the reported buffer size for guaranteed buffer availability. It leads to an implied peak throughput of: Buffer size*5/6*(200/RTT).
In 802.16m the code rate of each burst may eventually be 1/3.

Trying to operate similarly to 802.16e, in a manner that guarantees storage availability for every soft bit would limit the amount of data bits in RTT frames to 1/3 of the buffer. Considering the high values of throughput aimed by 802.16m system, this would impose either a significant and unnecessary upper bound of the throughput or an addition of HARQ DL buffer that has no noticed performance gain over a much smaller one.
This understanding is consistent with the clear statement in paragraph 11.13.2.6 (Aggressive HARQ Transmission) in reference [3] that allows the ABS to transmit bits in an amount that may lead to exceeding buffer size.
Although considering typical error rate of HARQ bursts and of HARQ FEC blocks leads to the understanding that overflow conditions are expected to be quite rare, the expected operation manner upon overflows is defined herein.

If overflow conditions of the DL HARQ buffer occur, the AMS is required to maintain ongoing flawless operation trying to receive its allocated bursts and to transmit feedback on the reception success. However, the manner of optimizing buffer utilization upon overflows is left for the AMS implementation.
The ABS may consider the overflow indications from the AMS to control the radio link utilization with the AMS in a manner that is implementation specific in such manners as lowering the amount of information bits to that AMS in following frames, using more robust MCS in retransmissions of failed bursts or retransmit the failed bursts with SPID=0.
To allow focused implementation, the DL buffering capability of information bits is reported by the AMS while referring to 5mSec period of round trip time and is limited based on number of DL tones in that period for the used FFT size and cyclic prefix in an FDD frame and on AMS’s supported number of streams. The ABS is prohibited from exceeding this buffer. The rational of this report is to guarantee that upon low error rate of FEC blocks, the ABS can maximize the throughput while assuring that the AMS can buffer the information bits of FEC blocks with proper CRC and concatenate them with information bits of the FEC blocks constructing the same burst that are properly received in following retransmissions. It may also be noted that this definition leads to graceful degradation in throughput as the ABS DL processing time increases. This is since the throughput is bounded according to the round trip time in sub-frame units. For example an ABS with round trip time of 9 sub-frames would be able to provide peak throughput of 8/9 than an ABS with round trip time of 8 sub-frames.
It is also proposed to indicate UL buffering capability of the AMS. Since the UL buffer should be able to contain the entire set of information bits that may have to be retransmitted the reported capability is only with a field indicating the amount of information bits that can be stored regardless of a benchmark scenario.
Therefore, the text changes herein:

· Specify the DL and UL HARQ buffering capability of the AMS in the group of reported capabilities in the REG-REQ and REG-RSP and derived ABS operation.
· Specify the operation manner upon conditions of overflow (no available buffer for storing all soft bits) in a failed burst and derived ABS operation.
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3. Proposed changes for 802.16m draft amendment
--------------------------------------------Begin Proposed Text Change 1--------------------------------------------------
<Add to table 679, page 54, line 64 – Parameters for AAI_REG-REQ and to table 680, page 58, line 64 – Parameters for AAI_REG-RSP a row as follows >
	AMS DL HARQ buffering capability
	Bits [2:0]: This value (termed “m”) indicates the amount of information bits of FEC blocks in failed bursts that the AMS can buffer. 
The amount is defined as follows:
K*#streams the AMS supports*6*(m+1)/8
Where K is: #tones in an FDD DL frame for the used FFT and CP. 
K considers all tones including the tones used for control messages. 
Bits [9:3]: The number that is higher by 1 than this field, is the steady amount of aggregated DL HARQ information bits per frame in units of 4800 bytes, at which the aimed combining gain or better is obtained in the benchmark scenario, as defined in paragraph 16.2.14.2.1.3.

	AMS UL HARQ buffering capability
	Bits [6:0]: the amount of information bits in 4800 bytes units the AMS can buffer in the UL.


--------------------------------------------End of Proposed Text Change 1-------------------------------------------------
--------------------------------------------Begin Proposed Text Change 2--------------------------------------------------

<Add in page 229 line 30, section 16.2.14.2.1.3 HARQ buffering capability >

16.2.14.2.1.3 DL HARQ buffering capability
The MS shall report its buffering capability by stating the steady amount of information bits in 4800 byte units it can receive while providing the aimed combining gain in the following benchmark scenario:

· The reception errors of each FEC block transmitted are identical and independent (e.g. each of the AMS antennas is connected through an attenuator to 1 of the ABS antennas)
· Frame is entirely DL, with same FFT size and cyclic prefix as used in the network.
For the multi-carrier case the sum over all carriers used by the AMS shall be considered for this report.
· Same HARQ channels are allocated every frame.
· One burst is transmitted in each DL sub-frame and completes the DL basic assignment A-MAP IE and SFH to covert it entirely.
· Fixed amount of information bits is carried by each burst.

· Each burst is always transmitted with the same constellation.
· Burst error rate of first transmission can be up to 50%.
· The SPID increases by 1 circularly every retransmission.
Where the aimed combining gain is:

· The error rate of second transmission is not higher than 5%

The AMS shall also report the amount of information bits of FEC blocks in failed bursts it can buffer. This value is limited to the amount of information bits that a single DL FDD frame can contain for that AMS based on the FFT size and the cyclic prefix length that are used in the network and on the maximal number of streams that the AMS supports. The ABS is prohibited from exceeding this buffer.
For the multi-carrier case the sum over all carriers used by the AMS shall be considered for this report.

“Buffer overflow” is defined as a condition of no available buffer for storing soft bits of a failed burst.
Upon buffer overflow the AMS shall indicate to the ABS the overflow condition with EDI (Event Driven Indication) as defined in paragraph <<16.3.9.3.1>>. The EDI shall be transmitted at the first fast feedback opportunity the AMS is allocated following the AMS DL processing time from the overflow condition.
Upon buffer overflow event, the AMS shall attempt to receive DL HARQ bursts it is allocated it and to transmit the appropriate HARQ feedback to the ABS.
Upon reception of overflow EDI from the AMS, the ABS may consider as a worst case assumption that all soft bits of bursts that the AMS failed to receive, in their last transmission, are not buffered at the AMS. Consequently, to make sure that the systematic bits are used for decoding by the AMS, the ABS may retransmit with SPID=0 failed bursts transmitted only 1 time.
The ABS may consider the overflow indications from the AMS when selecting the amount of information bits, the SPID or the MCS of the bursts transmitted to it.
16.2.14.2.1.4 UL HARQ buffering capability
The AMS shall report the amount of information bits in 4800 bytes units it can buffer in the UL. The ABS shall not exceed this buffer.
--------------------------------------------End of Proposed Text Change 2--------------------------------------------------
--------------------------------------------Begin of Proposed Text Change 3--------------------------------------------------
<Change text in table 897, page 544, line 40: Table 897—Contents Encoding Type 0 in PFBCH, to table 898, page 546, line 59: Table 898—Contents Encoding Type 1 in PFBCH, to table 898, page 548, line 42: Table 899—Contents Encoding Type 3 in PFBCH, as follows >
	55
	Event-driven Indicator (EDI) for Buffer management (80% full)
Reserved
	Event-driven for buffer management

	56
	Event-driven Indicator (EDI) for Buffer management (full)
Event-driven Indicator (EDI) for Buffer management (overflow)
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