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Proposed Text Related to HARQ for the IEEE 802.16m Amendment
Sungkyung Kim, Sungcheol Chang, Hyun Lee, Chulsik Yoon
ETRI
1. Introduction
This contribution includes the proposed text for the HARQ sections in the IEEE 802.16m Amendment. The technical text is inherited from the 802.16m SRD [1], the IEEE 802.16m SDD [2], and the IEEE P802.16 Rev2/D9 [3]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [4]. The text proposed in this contribution is based on subclause 10.2.2.2 and subclause 10.2.3 in the IEEE 802.16m SDD [3]. 

2. HARQ operation for UL 
When persistent allocation is applied to initial transmissions in uplink, HARQ retransmissions are supported in synchronous manner [2]. Fast link adaptation by AMC (Adaptive Modulation & Coding) is not easy for persistent allocation scheme. Also, the poor channel condition may cause frequent retransmissions. Figure 1 shows that an example of UL persistent allocation with HARQ retransmissions. In this figure, we assume that retransmission delay and persistent allocation period are equal to 1 frame and 4 frames respectively. 
However, the resources that are locked by persistent allocation and synchronous retransmissions reduce the dynamic scheduling gain. As the persistent allocation frames are increased, there may be a shortage of resource for synchronous retransmissions. Figure 2 shows that an example of collision of the pre-allocated resources between synchronous retransmission of persistent allocation (A) and persistent allocation (B).
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Figure 1. Example of UL persistent allocation with HARQ retransmissions
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Figure 2. Collision of the pre-allocated resources between persistent allocation and synchronous retransmission
To avoid this matter, synchronous adaptive HARQ retransmissions can be considered. However, synchronous adaptive HARQ is required to indicate the allocation information for the HARQ retransmissions in like asynchronous scheme. Also, even if synchronous adaptive retransmission is applied, the resources for dynamic allocation or retransmission allocation can be limited because the sub-frame for synchronous retransmission doesn’t be changed. Therefore, we propose that asynchronous retransmission may be issued after N synchronous retransmissions (N=0,1,2,…). The number of synchronous retransmissions (N) may be negotiated during setup/change procedures for UL persistent allocation. In case that the number of synchronous retransmissions is equal to the maximum number of retransmissions, HARQ retransmissions of the corresponding flow are just supported in a synchronous manner. Figure 3 shows the proposed scheme in case of N=1.
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Figure 3. UL HARQ scheme for Persistent Allocation
3. HARQ and ARQ interactions
According to the System Description Document [2], to reduce the retransmission delay, HARQ and ARQ interactions have been dealt with. When an HARQ transmission is failed after maximum retransmission, ARQ transmitter may initiate retransmission of the corresponding ARQ Blocks. Then, MAC entity should keep a mapping table which presents the information between HARQ burst and ARQ Block (FID, ARQ Block Sequence Number, HARQ process ID, transmitted frame index, etc.). Also, an HARQ burst may include several ARQ blocks.
4. Text proposal for HARQ in 802.16m amendment
============================== Start of Proposed Text ================================

Insert the following subsections at a new section 15.2:

15.2 MAC

15.2.x HARQ 

15.2.x.x HARQ Operation with Persistent and Group Allocation

For UL Persistent allocation, HARQ retransmissions are supported in a synchronous manner. To avoid collision of pre-allocated resources between persistent allocation and synchronous HARQ retransmissions, asynchronous retransmissions may be issued in uplink persistent allocation. In this case, after N synchronous retransmissions (N=0, 1, 2,...), HARQ scheme is automatically changed to the asynchronous adaptive HARQ scheme in uplink persistent allocation. When N is equal to the maximum number of retransmissions, asynchronous retransmission is not permitted. The number of synchronous retransmissions (N) may be negotiated during the setup/change procedures of persistent allocation.
15.2.x.y HARQ and ARQ interactions

When both ARQ and HARQ are applied for a flow, HARQ may assist ARQ transmitter to reduce the retransmission delay.

When the HARQ entity in the transmitter determines that the HARQ process was terminated with an unsuccessful outcome, the HARQ entity in the transmitter informs the ARQ entity in the transmitter about the failure of the HARQ burst. The ARQ entity in the transmitter can then initiate retransmission and re-segmentation of the ARQ blocks that correlate to the failed HARQ burst. 
A mapping table, which can indicate the relation between HARQ burst and ARQ Block(s), should be managed between HARQ entity and ARQ entity internally. An HARQ burst may include several ARQ blocks.

=============================== End of Proposed Text ================================
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