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Introduction
This contribution proposes text changes to Sections 10.4 of the IEEE 802.16m SDD [1] where the system description requires additional detail. The proposed text is consistent with the 802.16m Draft Amendment [2].  The refined SDD document will be a necessary supplement in the submission of IEEE 802.16m technology description template to ITU-R/WP 5D later this year.
Proposed text has been underlined in blue and deleted text has been struck through in red. Existing SDD text is shown in black. 
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10.4  ARQ

10.4.1 ARQ block usage

An ARQ block is generated from one or multiple MAC SDU(s) or MAC SDU fragment(s) of the same flow.  ARQ blocks can be variable in size. ARQ blocks are sequentially numbered. ARQ block is constructed by fragmenting MAC SDU or packing MAC SDUs and/or MAC SDU fragments. The fragmentation or packing information for the ARQ block is included in the extended header within MAC PDU.
When transmitter generates a MAC PDU for transmission, MAC PDU payload contains one or more ARQ blocks. If the MAC PDU payload contains traffic from a single connection, PDU payload itself shall be a single ARQ block. If traffic from multiple connections is multiplexed into one MAC PDU, the MAC PDU payload contains multiple ARQ blocks. The number of ARQ blocks in a MAC PDU payload is equal to the number of connections.
The ARQ blocks of a connection are sequentially numbered. The ARQ block SN (sequence number) is included in the extended header. The original MAC SDU ordering shall be maintained when ARQ block SN is numbered.
Retransmission of a failed ARQ block can be performed with or without rearrangement. In case of ARQ block retransmission without rearrangement, the MAC PDU shall contain the same ARQ block and corresponding fragmentation and packing information, which was used in the initial transmission. In case of ARQ block retransmission with rearrangement, a single ARQ block may be fragmented into a sequence of multiple ARQ sub-blocks which are fixed in size. A MPDU payload should be constructed from one or more ARQ sub-blocks. ARQ sub-block is maintained during retransmission.Transmitter may send ARQ feedback polling request to the receiver, to update the reception status of the transmitted ARQ blocks. Receiver sends an ARQ feedback when one of the following conditions is met:
10.4.2 ARQ feedback

ARQ feedback IE is defined for receiver to indicate reception status of ARQ block (initial transmission) and ARQ sub-block. The ARQ feedback IE is transported either as part of extended header (piggybacked) within a MAC PDU or a standalone MAC management message. 

ARQ feedback IE supports Cumulative and selective ACK. In cumulative ACK, ARQ SN or ARQ sub_SN are reported to indicate successful reception. In selective ACK, each bit of ACK MAP indicates the error or success of ARQ blocks.

Transmitter can request ARQ feedback poll to update reception status of the transmitted ARQ blocks. In downlink, an ABS may assign unsolicited bandwidth for the AMS to send ARQ feedback information.
Receiver sends ARQ feedback IE when these three conditions are met.
· ARQ feedback polling request is received from the transmitter

· An ARQ block has been missing for a predetermined period
· ARQ discard message is received from the transmitter.
Cumulative and selective ACK types are used by the receiver for sending an ARQ feedback. 
10.4.3 ARQ parameters

The ARQ parameters are used for ARQ operation. 

· ARQ_SN_MODULUS: the number of unique ARQ sequence values. 

· ARQ_WINDOW_SIZE: the maximum number of ARQ blocks with consecutive BSN in the sliding window of ARQ blocks that is managed by the receiver and the transmitter.
· ARQ_BLOCK_LIFETIME: the maximum time interval an ARQ block shall be managed by the transmitter ARQ state machine, once initial transmission of the block has occurred. After expiring ARQ_BLOCK_LIFETIME, the corresponding ARQ block is discarded in the ARQ window.

· ARQ_RX_PURGE_TIMEOUT: the time interval the receiver shall wait after successful reception of a block that does not result in advancement of ARQ_RX_WINDOW_START, before advancing ARQ_RX_WINDOW_START
· MAX_ ARQ_BUFFER_SIZE: the maximum size of the buffer (in bytes) that the AMS is able to allocate for the ARQ connection.
· ARQ_SYNC_LOSS_TIMEOUT: the maximum time interval ARQ_TX_WINDOW_START or ARQ_RX_WINDOW_START shall be allowed to remain at the same value before declaring a loss of synchronization of the sender and receiver state machines when data transfer is known to be active.

· ARQ_REORDERING_ TIMEOUT: the time interval that ARQ block is declared as an error. It is used to reorder ARQ blocks that arrive out-of-order due to HARQ retransmission.

10.4.4. ARQ state machine variables

The ARQ state machine variables is defined for maintain ARQ window operation. In the transmitter side, ARQ_TX_WINDOW_START is the lowest edge of ARQ window. ARQ_TX_NEXT_SN is the lowest ARQ SN of the next ARQ block to be sent by the transmitter. In the receiver side, ARQ_RX_WINODW_START is the lowest edge of ARQ window. ARQ_RX_HIGHEST_SN is the highest ARQ SN of ARQ block received, plus one.

10.4.5 ARQ operation
10.4.5.1 Transmitter state machine
ARQ state machine in a transmitter is almost similar in WirelessMAN-OFDMA Reference System. Each ARQ enabled connection shall have an independent ARQ state machine. An ARQ block may be in one of the following five states: not-sent, outstanding, waiting-for-retransmission, discard, and done state. The ARQ state machine in the transmitter is shown in Figure xxx.
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Figure xxx – ARQ Tx block states

Any ARQ block in the buffer begins from "not-sent" state before being transmitted. When an ARQ block is initially transmitted, the ARQ_BLOCK_LIFETIME timer is started for this ARQ block and the ARQ block state transits from "not-sent" state to "outstanding" state.

While an ARQ block is in "outstanding" state, the transmitter waits for an acknowledgement. If a positive acknowledgement (ACK) arrives, the ARQ block state transits to the "done" state. If ARQ block were negatively acknowledged (NACK or Local NACK), the ARQ block state transits to "waiting-for-retransmission" state. If the ARQ_BLOCK_LIFETIME period expires, the ARQ block state transits to "discard" state.
While an ARQ block is in "waiting-for-retransmission" state, transmitter prepares for ARQ block retransmission. If ARQ block is re-transmitted, the ARQ block state transits to "outstanding". 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.
While ARQ block is in "discard" state, the transmitter sends discard message and waits for the acknowledgement from the receiver. If a positive acknowledgement (ACK) of the ARQ block corresponding to the Discard message arrives, the ARQ block state transits to "done" state.
When ARQ block is in "done" state, the transmitter shall flush the ARQ block and remove the timers and state variables associated with the flushed ARQ block.
10.4.5.2 Receiver state machine
ARQ state machine procedure in a receiver is same in WirelessMAN-OFDMA Reference System. The ARQ block reception procedure is shown in Figure yyy.
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Figure yyy. ARQ block reception procedure

10.4.5.3 SDU reconstruction and in-order delivery
MAC SDU at the receiver is reconstructed from the received ARQ blocks. MAC SDUs shall be delivered to the upper layers in-order.
10.4.5.4 ARQ reset procedure
When a transmitter or receiver needs to trigger a reset of the ARQ state machine, the transmitter or receiver can start the ARQ reset procedures which follows WirelessMAN-OFDMA Reference System. When ARQ reset error happens during the ARQ reset procedure, the ABS or AMS may reinitialize its MAC. The triggering conditions of ARQ reset are implementation specific.
10.4.5.5 ARQ purge procedure
When the ARQ_RX_PURGE_TIMEOUT expires, the ARQ Purge message is sent to the transmitter. After receiving the acknowledgement corresponding to the ARQ Purge message, the ARQ_RX_WINDOW_START is advanced to the lowest SN of the next block not yet received.
10.4.5.6 ARQ Synchronization loss

If transmitter or receiver declares an ARQ synchronization loss, transmitter or receiver may initiate the ARQ reset procedure. The actions following the ARQ synchronization loss is implementation specific. 
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