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Consideration about Interaction of HARQ and ARQ
Taegon Kong, Youngsoo Yuk, Ronny Yongho Kim, Kiseon Ryu
LG Electronics
1. Introduction
In the legacy 802.16 system, Automatic Repeat reQuest (ARQ) and Hybrid ARQ are provided for a reliable communication. In order to meet the data plane latency requirement and enhance the system performance, it is desirable to enhance the ARQ and HARQ performance. By employing simple ARQ and HARQ interaction, ARQ performance can be improved substantially. In order to design ARQ state machine with consideration of interaction with HARQ, it is required to understand the HARQ process. In this contribution, we propose to use HARQ and ARQ interaction and related procedures. More specifically, because there is a problem in receiver side in interaction between ARQ and HARQ, changes in ARQ state machine considering the interaction in the receiver side is proposed.
2. Problem Definition
In the interaction of ARQ and HARQ, HARQ functional block shall transmit “Local ACK” and “Local NACK” to ARQ module. However when “Local NACK” is received from the HARQ function block, ARQ functional block shall change its state accordingly. In addition to the interaction operation in the transmitter side, the ARQ function in the receiver side shall consider Local NACK as well. 
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Figure 1. Unnecessary retransmission generated by Local NACK and ARQ timeout in the receiver
When there is no “Local NACK” in the receiver side, unnecessary retransmission might occur which incur resource wastage. The Fig 1. shows an example of such a problem. When the number of retransmission reaches predefined maximum number, the Hybrid ARQ in the transmitter generates a signal and sends it to the ARQ at the transmitter. The ARQ in the transmitter regards it as a retransmission request from the ARQ at the receiver and retransmits the negative acknowledged packet. While the retransmission packet is being delivered, the ARQ waiting timer at the receiver expires and goes into the waiting state again after transmitting an ARQ NACK. When the transmitter ARQ receives the ARQ NACK, it retransmits the packet again to the receiver ARQ. This kind of problem is caused because there is no local ACK/NACK signaling consideration in the receiver ARQ. 

3. Description of Proposed Interaction between ARQ and HARQ
In order to alleviate the problem, HARQ in the transmitter and the receiver shall transmit Local NACK and ACK and ARQ state machine in the receiver shall employ ARQ timer reset. As shown in the Fig. 2, upon reception of the local NACK, the ARQ state machine in the receiver shall reset the ARQ timer and turn into the waiting state. This prevents the premature ARQ timer expiry in case of existence of local NACK/ACK. 
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Figure 2. ARQ Reset Procedure
4. Conclusion

With the introduction of an interaction between ARQ and Hybrid ARQ, the existing ARQ state machine shall be redesigned. In this contribution, we proposed to use local ACK/NACK in both the transmitter and the receiver and employ an ARQ timer reset scheme in order to prevent unnecessary retransmission. 
Text Proposal for the IEEE802.16m SDD

============================== Start of Proposed Text ================================

10. Medium Access Control Sub-Layer 
10.2.3 HARQ and ARQ Interactions
  HARQ functional block in receiver and transmitter provides local ACK and NACK to ARQ functional block in order to work tightly with ARQ functional block. ARQ block’s state machine changes with consideration of local ACK /NACK. 
10.2.3.x Local NACK between HARQ and ARQ
In the event of transmitting and receiving the NACK between HARQ functional blocks, local NACK is delivered to the ARQ function blocks in the receiver and the transmitter. ARQ operation such as ARQ window size negotiation, ARQ block size negotiation, and Retransmission timer, in both the receiver side and the transmitter side shall consider the interaction with HARQ functional block. 
============================== End of Proposed Text =================================
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