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1 Introduction
In the last meeting, ARQ state machine and other reaming issues are deferred. In this contribution, to completely describe ARQ operation as the same level of 16e specification, ARQ state machine and other reaming issues are specified here.
The most text in 16e Rev2 is reused but there are some changes compared with 16e are applied here.
1. Transmitter ARQ state machine operation is changed based on removal of ARQ_RETRY_TIMEOUT and adding HARQ-ARQ interaction. Because of Local NAK concept, Transmitter can know the exact timing of HARQ failure information, therefore, transmitter can retransmitted ARQ block after HARQ failure.

2. ARQ feedback generation and processing is changed. In 16m, only cumulative or selective ACK is available, therefore, some modification texts are provided here.

3. Based on ARQ polling mechanism, ARQ triggering condition is added.

4. ARQ_REORERING timer is added to support ARQ block in-order delivery due to HARQ retransmission.

5. ARQ discard and purge process are described in the separate section.

6. SDU construction and delivery in-order is described in the separate section. Delivery out-of-order was removed.

7. ARQ reset and synchronization process was described in the separate section.
2 Text proposal
============================= Start of Proposed Text ========================
[Insert the text from line 6 on page 75 as follows:]

15.2.13.x ARQ_SYNC_LOSS_TIMEOUT
ARQ_SYNC_LOSS_TIMEOUT is defined in 6.3.4.3.5
15.2.13.x ARQ_REORDERING_ TIMEOUT
ARQ_REORDERING_TIMEOUT is used to reorder ARQ blocks that may arrive out-of-order due to HARQ retransmission. If an ARQ block is detected as missing, for example if ARQ block SN #n arrives before #n-1, this timer starts in the receiver. When the timer expires, the corresponding ARQ block is declared as being in error in the receiver.
[Insert the text after line 54 on page 75 as follows:]

15.2.13.x ARQ state machine variables

All ARQ state machine variables in the transmitter and receiver are set to zero when a connection setup or an ARQ reset occurs.
15.2.13.x.1 ARQ_TX_WINDOW_START

ARQ_TX_WINDOW_START is used in the transmitter ARQ state machine and represents the lower edge of the ARQ window in the transmitter in that all the ARQ blocks up to (ARQ_TX_WINDOW_START – 1) are regarded as positively acknowledged. 
15.2.13.x.2 ARQ_TX_NEXT_SN

ARQ_TX_NEXT_SN is used in a transmitter ARQ state machine and corresponds to the lowest ARQ SN of the next ARQ block to be sent by the transmitter. ARQ_TX_NEXT_SN is a value in the interval ARQ_TX_WINDOW_START to (ARQ_TX_WINDOW_START + ARQ_WINDOW_SIZE).

15.2.13.x.3 ARQ_RX_WINDOW_START

It is used in a receiver ARQ state machine and represents the lower edge of ARQ window in the receiver in that all the ARQ blocks up to (ARQ_RX_WINDOW_START – 1) are regarded as correctly received.
15.2.13.x.4 ARQ_RX_HIGHEST_SN
It is used in a receiver ARQ state machine and corresponds to the highest ARQ SN of ARQ block received, plus one. ARQ_RX_HIGHEST_SN is a value in the interval ARQ_RX_WINDOW_START to (ARQ_RX_WINDOW_START + ARQ_WINDOW_SIZE).
15.2.13.x ARQ operation

15.2.13.x.1 Sequence number comparison 
The ARQ SN comparison procedure is the same as defined in section 6.3.4.6.1.
15.2.13.x.2. Transmitter operation

15.2.13.x.2.1 Transmitter state machine
Each ARQ enabled connection shall have an independent ARQ state machine. The ARQ state transitions shall be ARQ block based.(i.e. not based on the ARQ sub-block).

An ARQ block may be in one of the following five states—not-sent, outstanding, waiting-for-retransmission, discard, and done state.
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Figure xxx. ARQ Tx state states
Any ARQ block in the buffer begins from “not-sent” state before being transmitted. ARQ block formation continues with a connection’s “not-sent” MAC SDUs. The transmitter builds each ARQ block using the rules for fragmentation and packing. As each “not-sent” ARQ block is formed and constructs a MAC PDU, ARQ block is assigned the current value of ARQ_TX_NEXT_BSN, which is then incremented by one.
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 (see xxx) 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.
For a given connection the transmitter shall first handle (transmit or discard) blocks in “waiting-for-retransmission” state and only then blocks in “non-sent” state. Blocks in “outstanding” or “discarded” state shall not be transmitted. When blocks are retransmitted, the block with the lowest BSN shall be retransmitted first.
15.2.13.x.2.2 ARQ feedback processing

In response to the transmitted ARQ block, the transmitter receives ARQ feedback IE sent by the receiver. The ARQ feedback IE may include either a positive (ACK) or a negative acknowledgement (NACK). Optionally, when ARQ and HARQ interaction (see 15.2.14.5) is enabled, the ARQ feedback may also be received in the form of a local NACK, which is a negative acknowledgement that is generated locally at the transmitter. 
When transmitter receives an ARQ feedback IE, the transmitter shall check the validity of the SN of the ARQ blocks being acknowledged. If the ARQ SN is in the interval ARQ_TX_WINDOW_START to ARQ_TX_NEXT_SN – 1 (inclusive) then the ARQ SN is valid; otherwise it is invalid and shall be ignored by transmitter.
If the SN is valid and the ARQ feedback IE includes Cumulative ACK, the transmitter shall consider all the ARQ blocks in the interval ARQ_TX_WINDOW_START to SN (Inclusive) as positively acknowledged, and set the ARQ_TX_WINDOW_START to SN+1.
If the SN is valid and the ARQ feedback IE includes an ACK MAP, it shall consider all ARQ blocks in the interval ARQ_TX_WINDOW_START to SN (not inclusive) as positively acknowledged, and set the ARQ_TX_WINDOW_START to SN. The ACK MAP is processed from left to right (MSB to LSB) and the left most bit indicates SN. Each bit in the selective ACK MAP that is set to ‘1’indicates that the corresponding ARQ block has been received correctly. Each bit that is set to “0” in the ACK MAP indicates that the corresponding ARQ block has been received incorrectly.
15.2.13.x.3. Receiver operation

15.2.13.x.3.1 Receiver state machine

ARQ state machine procedure in a receiver is defined in Figure 52. In the figure, BSN equal to SN.
When a MAC PDU is received, receiver checks a FPEH and obtains all ARQ block information for ARQ operation. After receiver knows ARQ SN and corresponding ARQ block in the MAC PDU, state machine adds SN to list of SN to be acknowledged. State machine checks whether the SN which falls in the ARQ window range (ARQ_RX_WINDOW_START + ARQ_WINDOW_SIZE). If ARQ SN is not valid, receiver discards the corresponding ARQ block.
If ARQ SN is valid, but the corresponding ARQ block is already received, state machine resets ARQ_RX_PURGE_TIMEMOUT and discards the ARQ block. If an ARQ block is received and it is valid and not duplicated, receiver state machine begin to update ARQ state..
The procedure of ARQ state update is as follows. If SN is equal or larger than ARQ_RX_HIGHEST_SN, receiver updates ARQ_RX_HIGHEST_SN as SN+1. If SN is less than ARQ_RX_HIGHEST_SN and more than ARQ_RX_WINDOW_START, receiver state variables are not changed, but ARQ_RX_PURGE_TIMOUT for this SN shall be (re)set. If SN is less than ARQ_RX_HIGHEST_SN and equal to ARQ_RX_WINDOW_START, ARQ_RX_WINDOW_START is advanced to the next lowest numbered ARQ block that has not been received. The ARQ_SYNC_LOSS_TIMEOUT shall be (re)set. After finishing ARQ state update, ARQ block is stored in the receiver buffer.
15.2.13.x.3.2 Error detection and ARQ feedback generation
When an ARQ block arrives out of sequence, then each ARQ block with an intermediate SN is declared as missing and the ARQ_REORDERING_ TIMEOUT for every missing ARQ block is started. If the missed block does not arrive within ARQ_REODERING_TIMEOUT, the receiver declares the corresponding ARQ block as an error.

The receiver shall send ARQ feedback corresponding to each ARQ block using the ARQ feedback IE (see 15.2.13.1.1). ARQ feedback is sent when 1) an ARQ feedback poll is received from the transmitter or 2) when receiver detects an ARQ block error or 3) when discard message is received from the transmitter.. 
If all the ARQ blocks in the ARQ window have been received correctly, the ARQ feedback IE contains a cumulative ACK. If one or more ARQ blocks in the ARQ window have an error, the ARQ feedback IE contains a selective ACK MAP for indicating the error.
15.2.13.x.3.3 ARQ discard message reception
When a discard message is received from the transmitter, the receiver shall discard the specified blocks, advance ARQ_RX_WINDOW_START to the SN of the first block not yet received after the SN provided in the Discard message, and mark all not received blocks in the interval from the previous to new ARQ_RX_WINDOW_START values as received for ARQ Feedback IE reporting.
15.2.13.x.3.4 ARQ block 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.
15.2.13.x.3.5 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. Only completely reconstructed MAC SDU shall be delivered to the upper layers. 

Whenever a complete SDU is reconstructed from the ARQ blocks, the receiver shall check if there are any incomplete SDUs. If so, the receiver does not deliver the complete SDU until the incomplete SDUs are recovered or explicitly skipped.
15.2.13.x.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 provided in figures 50 and 51. 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.
15.2.13.x.5 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.
============================== End of Proposed Text ========================
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