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Clarification for ARQ sub-block operation
Youngbin Chang, Anil Agiwal, Rakesh Taori, Jungje Son
 Samsung Electronics
1 Problem description
In the current spec [1], ARQ state machine in a transmitter is defined in figure 432:
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· Current ARQ state machine is operated based on ARQ block.

· In ARQ retransmission with re-arrangement, ARQ sub-block can be generated. After generating ARQ sub-blocks, each ARQ sub-block’s state from the same ARQ block can be different.

· If ARQ sub-block is retransmitted, it can be “outstanding”. If ARQ sub-block received as a NACK can be “waiting for retransmission”. If ARQ sub-block received as a ACK can be “done” state.

· To reflect various states of ARQ sub-blocks of an ARQ block, ARQ state machine should be modified.
2 Proposed remedy

ARQ state machine for ARQ sub-block operation can be defined as separate ARQ state in the ARQ state machine. In this contribution, it is called “Retransmit with rearrangement” state. In the “Retransmit with rearrangement” state, ARQ block is fragmented as ARQ sub-blocks. ARQ sub-block follows an ARQ sub-block state operation within “Retransmit with rearrangement” state. In this contribution, we propose the following ARQ state machine modification and ARQ sub-block state machine as a separate section.
3 Proposed text
[Change 1: Modify the section title of line 3 on page 343 as follows:]

16.2.13.5.2.1 ARQ block Transmitter state machine
[Change 2:Modify the text from line 10-11 on page 343 as follows:]

An ARQ block may be in one of the following five six states-not-sent, outstanding, waiting-for-retransmission, rearrangement, discard, and done state.
[Change 3: Replace figure 432 on page 343 as following figure:]
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[Change 4: Modify the text from line 52-56 on page 343 as follows:]

While an ARQ block is in "waiting-for-retransmission" state, transmitter prepares for ARQ block retransmission.

If ARQ block is re-transmitted without rearrangement, the ARQ block state transits to "outstanding" state. If ARQ block is re-transmitted with rearrangement, the ARQ block state transits to “rearrangement” state. If a positive acknowledgement (ACK) arrives, the ARQ block state transits to the "done" state. If the ARQ_BLOCK_LIFETIME period expires, the ARQ block state transits to "discard" state.
[Change 5: Insert the following text at line 57 on page 343:]

While an ARQ block is in "rearrangement" state, transmitter prepares for ARQ block retransmission with rearrangement. The “rearrangement” state includes ARQ sub-block state which is described in 16.2.13.5.2.2. When ARQ block is staying in the “rearrangement” state and if positive acknowledgements arrives regarding a ARQ block or all ARQ sub-blocks of a single ARQ block, the corresponding ARQ block state transits to the "done" state. If the ARQ_BLOCK_LIFETIME of ARQ block expires, the corresponding ARQ block state transits to "discard" state.
[Change 6: Modify the text from line 1-4 on page 344 as follows:]

For a given connection the transmitter shall first handle (transmit or discard) blocks in "waiting-for-retransmission" state and “rearrangement” state and only then blocks in "non-sent" state. Blocks in "outstanding" or "discarded" state shall not be transmitted. When ARQ blocks or sub-blocks are retransmitted, the ARQ block or sub-block associated with the lowest BSN or SSN shall be retransmitted first.
[Change 6: Add the following section and text at line 5 on page 344:]

16.2.13.5.2.2 ARQ sub-block state machine
An ARQ sub-block may be in one of the following four states - not-sent, outstanding, waiting-for-retransmission, and done state as described in figure xxx.
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Once an ARQ block is in "rearrangement" state, ARQ block begins from "not-sent" state. In “not-sent” state, ARQ block is fragmented into ARQ sub-blocks and sub-block SN (SSN) is sequentially assigned. These ARQ sub-blocks and SSN are maintained during ARQ retransmission. When ARQ sub-block is transmitted, ARQ sub-block state transmits from “not-sent” to “outstanding” state. 

While ARQ sub-block is in “outstanding” state, the transmitter waits for an acknowledgement. If a positive acknowledgement (ACK) arrives regarding ARQ sub-block, the ARQ sub-block state transits to “done” state. If ARQ sub-block is negatively acknowledged (NACK or Local NACK), ARQ sub-block transits to “waiting-for-retransmission”.

While ARQ sub-block is in “waiting-for-retransmission” state, transmitter prepare for ARQ sub-block retransmission. If ARQ sub-block is re-transmitted, the ARQ sub-block state transit to “outstanding” state. If a positive acknowledgement (ACK) arrives, the ARQ block state transits to “done” state.

When ARQ sub-block is in "done" state, the transmitter may flush the ARQ sub-block and waits for positive acknowledgement regarding the remaining ARQ sub-blocks of ARQ block having a same SN.

Regardless of any state of ARQ sub-block, if ARQ block or all ARQ sub-blocks of a single ARQ block are positively acknowledged or the ARQ_BLOCK_LIFETIME of ARQ block expires, all ARQ sub-blocks from the corresponding ARQ block shall be flushed.
[Change 7: Modify the section number at line 6 on page 344 as follows:]

16.2.13.5.2.23 ARQ feedback processing
4 Reference

[1] IEEE P802.16m/D5, “DRAFT Amendment to IEEE Standard for Local and metropolitan area networks Part 16: Air Interface for Broadband Wireless Access Systems”
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