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Hybrid ARQ with Block Segmentation Retransmission
Fujitsu
1. Introduction
This contribution discusses the packet structure and retransmission method for HARQ. A coding block segmentation retransmission method is provided to fine the retransmission granularity and improve the system throughput. Two or more consecutive error coding blocks are segmented and re-constructed as a retransmission block. At the receiver side the retransmission block is separated into several subbolcks and each subblock is combined with a failed block before decoding. In order to enhance the HARQ throughput, CRC shall be added to each of the coding blocks and the feedback signals should support the ACK/NAK for each code block.
2. Background
Hybrid Automatic Repeat Request (HARQ) is effective to offer a reliable packet transmission over error-prone wireless communication systems by combing original transmission and retransmissions. In HARQ enabled channel encoding process, the information bits at the transmitter (BS or MS) side (allocated in a PHY burst) are firstly appended with a CRC at the tail. After that, information bits (plus CRC) of the burst are fragmented into code blocks and each code block is encoded independently.
At the receiver (MS or BS) side, the code blocks are decoded independently, and then information bits of all code blocks are concatenated. If the CRC check succeeds, ACK will be sent to the receiver. Otherwise, NAK will be feed back to the transmitter to request the retransmission of the burst. One ACK/NAK corresponds to one HARQ-enabled burst. When one or multiple coding blocks are not decoded successfully, the CRC check for the burst will fail and the whole burst (including all the coding blocks) has to be retransmitted. Thus, PHY bandwidth is wasted since all the blocks are retransmitted even if some of them could be decoded successfully.
Statistically, only a few packets need to be recovered by H-ARQ retransmission process, while the most packets only require a little bit additional energy or redundancy particularly under low speed condition. This would extremely waste the transmission channel resource, directly causing the system performance loss.

An alternative solution is to add CRC for every code block in one packet and only the code blocks which are announced error would be retransmission. The transmit packet is divided into a plurality of code blocks (CB, or subpackets) supported by coding and modulation types [2].
3. Proposed solution
Block Segmentation Retransmission for HARQ is presented in this contribution, where the code block segmentation is utilized for retransmission and the soft combining is employed at the receiver to improve the throughput performance.
As showed in fig.1, the information bits at the transmitter are first divided into code blocks, each code block is appended with a CRC to form a sub-packet before FEC encoder, and several sub-packets are combined into one packet. Each code block (sub-packet) is encoded independently.
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Figure 1 Proposed Code block based CRC and packet construction
At the receiver, each code block is detected separately and has a corresponding ACK/NAK feedback. After the transmitter receives NAK feedbacks of some coding blocks in the burst, it shall only retransmit these NAKed blocks in the retransmission burst and the ACKed blocks shall not be transmitted again.
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Figure 2 HARQ feedback and retransmission process
The new code block for retransmission consists several subblocks which belong to different code blocks. For example, if a transport block has several code blocks, i.e.,
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, as showed in fig. 2. When 
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 are not corrected received, the bits in the two code blocks can be split and rebuilt to retransmission. At the receiver side, the soft LLR values of the received retransmission code block are split and combined with the previous transmitted code blocks at their original bit locations. The combining method is illustrated in fig. 3.
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Figure 3 Soft combining at the receiver side

4. Text proposal
Insert the following text into SDD Section 10 – Media Access Control Sub-Layer [2]
-------------------------------  Text Start  ---------------------------------------------------

10.x HARQ Functions

When a HARQ-enabled PHY burst contains multiple independent coding blocks, a CRC shall be added to each coding block. At the receiver, the decoding error of each coding block is detected separately based on the corresponding CRC check. Each coding block has a corresponding ACK/NAK feedback. After the transmitter receives NAK feedbacks for some coding blocks in the burst, it shall only retransmit full or partial of those NAKed blocks in the retransmission burst.
10.x.1 HARQ in the Downlink

10.x.1.3  HARQ Re-transmissions
IEEE 802.16m uses synchronous HARQ scheme in the downlink. 

In non-adaptive HARQ, transmission format for HARQ retransmission are same as initial transmission and the resource location can be changed in pre-determined order. The code block segmentation retransmission should be supported and the retransmission indicator of error code blocks is FFS.
10.x.2 HARQ in the Uplink

10.x.2.3  HARQ Re-transmissions
IEEE 802.16m uses synchronous, non-adaptive HARQ scheme in the uplink. 

Transmission format for HARQ retransmission are same as initial transmission and the resource location can be changed in pre-determined order. The code block segmentation retransmission should be supported and the retransmission indicator of error code blocks is FFS.
-------------------------------  Text End  ---------------------------------------------------
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