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I. Introduction
Both HARQ and ARQ are used to provide transmission reliability. The transmission results from HARQ module can provide some very useful information to make ARQ operation more efficiently. Actually, the concept of “local NACK” has been adopted in current specification [1]. In this contribution, we investigate some stalling problems and suggest to have a more close interaction between HARQ and ARQ modules.

II. Problem Description
The existing ARQ mechanism could get stalled abnormally due to a single PHY (HARQ) transmission error. As a result, the throughput could be severely affected. The scenarios are given as follow. 

Scenario 1: Assume that the ARQ window size is 5 and there are 5 HARQ channels. ARQ blocks #14, #15, #16, #17 and #18 are transmitted by the TX to the RX via 5 HARQ channels. Since the ARQ buffer size in the TX is full, an ARQ feedback poll will be included in block #18 (i.e., the AFP bit=1). Now assume that all but block #14 are received correctly by the RX. The following occurs sequentially based on the latest draft (D4).

1. Since the ARQ feedback poll is received, the RX ARQ will send back an ARQ feedback IE with SN=14, Flag=1, NSI=1 and ACK MAP=01111. In addition, the purge timers for blocks #15 to block #18 are started and the error detection timer for block #14 is also started. 

2. In the meantime, the TX HARQ keeps retransmitting block #14

3. TX ARQ receives the ARQ feedback and does nothing (It knows block #14 is pending given that NSI=1 and it also knows the PHY is retransmitting block #14 as the local NACK has not been received yet)

Now assume that the TX HARQ successfully delivers block #14 in the next retransmission. The following will occur

1. RX now receives everything and thus delivers 5 blocks to the upper layer. In addition, all running purge timers and error detection timers are cancelled/invalid 

2. TX HARQ does nothing

3. TX ARQ does nothing until all block lifetime timers expire!

Scenario II: Assume that the ARQ window size is 5 and there are 5 HARQ channels. ARQ blocks #14, #15, #16, #17 and #18 are transmitted by the TX to the RX via 5 HARQ channels. Since the ARQ buffer size in the TX is full, an ARQ feedback poll will be included in block #18 (i.e., the AFP bit=1). Now assume that at the very beginning, only block #18 is received correctly by the TX ARQ. The following occurs sequentially based on the latest draft (D4).

1. Since the ARQ feedback poll is received, the RX ARQ will send back an ARQ feedback IE with SN=14, Flag=1, NSI=1 and ACK MAP=00001. In addition, the purge timer for block #18 is started and the error detection timers for block #14 to block 17 are also started. 

2. In the meantime, the TX HARQ keeps retransmitting block #14 to block #17

3. TX ARQ receives the ARQ feedback and does nothing (It knows blocks #14 to #17 are pending given that NSI=1 and it also knows the PHY is retransmitting them as the local NACKs have not been received yet)

Now assume that the TX HARQ believes that it successfully delivers blocks #14 and #17 in the next retransmission. However, in fact, block #14 was not delivered correctly (This may occur if the HARQ feedback bit is flipped). Therefore, block #14 will be declared as an error eventually by the RX ARQ and an ARQ feedback will be sent.

If now this ARQ feedback is lost, the ARQ process gets stalled until block lifetime timer of block #14 expires!
The aforementioned problems result from many of the existing designs that we believe ``improper’’. These include

1. Insufficient interaction between ARQ and local HARQ --- In the current draft, the ARQ interacts with its local HARQ when the local PHY gives up transmitting an ARQ block. In this case, a local NACK is generated so that the ARQ can retransmit that block. When the local HARQ believes that a block is successfully transmitted, no interaction is activated (which is a waste from the viewpoint of information, as we will point out later)

2. Unsolicited ARQ feedback sent by the RX ARQ is unreliable--- In the current draft, an ARQ feedback IE is sent when (1) a block is declared as an error and (2) a purge timer corresponding to a block expires (and the other two situations below). The ARQ feedback sent in these two cases is categorized as an ‘’unsolicited” ARQ feedback since the transmission of the ARQ feedback is not solicited by the TX ARQ. 

The problem of unsolicited ARQ feedbacks is that such feedbacks could get lost and TX ARQ has no idea if such feedbacks were ever transmitted. As a result, the information included in the unsolicited ARQ feedback is lost (and cannot be recovered). In contrast, solicited ARQ feedbacks are sent when (3) an ARQ feedback poll is requested by the TX ARQ or (4) when a discard message is sent by TX ARQ. If such solicited ARQ feedbacks are corrupted, TX ARQ will ask for feedback information again when the poll timer or discard message timer expires. In other words, using solicited ARQ feedback is more reliable. 

Another problem of unsolicited ARQ feedbacks is that the amount of ARQ feedback exchanged between TX and RX ARQ cannot be easily controlled, given that the RX ARQ may send undue ARQ feedback without any control by TX ARQ.
III. Proposed Method
Given the above scenarios and identified problem, we propose a new TX-controlled ARQ mechanism (with the use of effective ARQ/HARQ interaction). The new mechanism is summarized as follows.

(1) A transmitter-end periodic ARQ Feedback Poll Timer should be added to avoid long delay/stall caused by the error-detection timer or purge timer in the RX side. 

· Note that the RX ARQ must give the TX HARQ time to retransmit the corrupted block. Therefore, the value of error-detection timer must be larger enough to accommodate retransmission of HARQ.

· The value of purge timer must be larger than the error-detection timer; otherwise, the error-detection and potential retransmission from TX ARQ are meaningless (i.e., if one decides to dump the block, what is the purpose to ask for retransmission of earlier blocks?)

(2) Both the transmission result of TX HARQ will be provided to TX ARQ for consideration.
Proposed text: 
Insert the following text into section 16.2.13.2.2
-------------------------------------------------------------------- Start of text #1--------------------------------------

Transmitter uses ARQ feedback poll to update the reception status of the transmitted ARQ blocks. The ARQ feedback poll is sent using a FPEH. When transmitter sends ARQ feedback poll, ARQ_Polling_Timeout is started. If there is no ARQ feedback from the recevier during ARQ_Polling_Timeout, the transmitter may retry the ARQ feedback poll. Transmitter shall perform ARQ feedback poll when ARQ buffer is full, or the last ARQ block in the "not sent" state is sent or when the Periodic ARQ Feedback Poll Timer expires and the ARQ buffer is not empty. Periodic ARQ Feedback Poll Timer is started when the ARQ connection is established and is restarted when it expires.
--------------------------------------------------------------------End of text #1----------------------------------------
Insert the following text into line 34, page 274, section 16.2.13.5.2.1
-------------------------------------------------------------------- Start of text #2--------------------------------------
“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 is nega​tively acknowledged by the local HAR entity, the ARQ block state transits to "waiting-for-retransmission" state. If ARQ block is negatively acknowledged by an ARQ feedback IE, and is also positively acknowledged by the local ARQ entity, 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.

--------------------------------------------------------------------End of text #2----------------------------------------
Insert the following text into line 41, page 289, section 16.2.14.5
-------------------------------------------------------------------- Start of text #3--------------------------------------

When both ARQ and HARQ are applied for a flow, HARQ and ARQ interactions described here may be applied to the corresponding flow. 

The HARQ entity in the transmitter declares a HARQ data burst failure when a HARQ data burst will no longer be retransmitted and has not been positively acknowledged by the receiver. In this case the HARQ entity in the transmitter shall inform to the ARQ entity in the transmitter about the failure of the HARQ data burst. In response to the information provided by the HARQ entity, The ARQ entity in the transmitter can then initiate retransmission of the ARQ blocks that correlate to the failed HARQ data burst. The HARQ entity in the transmitter shall inform the ARQ entity in the transmitter of the completion of transmitting an HARQ data burst. Transmission of an HARQ data burst is considered as completed if the HARQ data burst has been acknowledged by the HARQ entity in the receiver.
--------------------------------------------------------------------End of text #3----------------------------------------
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