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Hybrid-ARQ data transmission for sub-frame concatenation
Eunjong Lee, Doo-hyun Sung, HanGyu Cho and Hyungho Park
LG Electronics
1. Introduction
The sub-frame concatenation is a method consecutively transmitting a data burst over multiple sub-frames for the lower signaling overhead and additional coding gain. However, it is still unclear how to transmit the HARQ data burst for IEEE 802.16m. In this contribution, we discuss the HARQ operations related to the sub-frame concatenation and propose the two types of sub-frame concatenation methods for HARQ data transmission.
2. HARQ data transmission for generic IEEE 802.16m
A HARQ data burst is generally transmitted on a sub-frame basis and the control signaling for each DL/UL data burst is transmitted in every sub-frame, as shown in Figure 1. However, when the resource of several data bursts for a connection is allocated in the same resource blocks (RBs) of the consecutive sub-frames, it can lead to the control signaling overhead due to duplicate scheduling information in multiple sub-frames. In order to reduce this overhead, the IEEE 802.16m is considering the sub-frame concatenation and we discuss the methods of HARQ data transmission for this structure in next section.
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Figure 1. An example of the data transmission in default frame structure
3. HARQ data transmission for sub-frame concatenation
In this section, we discuss the methods of HARQ data transmission related to sub-frame concatenation. As previously described, this concept uses to reduce the control signaling overhead in some cases. In here, we can consider the following two types to transmit the HARQ data burst over multiple sub-frames with single control signaling.
· Type 1: Each data burst in consecutive sub-frames has only one control signaling and a data burst generated by a FEC encoder can be transmitted over consecutive multiple sub-frames, as shown in Figure 2 (a).
· Type 1-A: Continuous transmission of an initial data in concatenated sub-frames.
· Type 1-B: Autonomous retransmission with a different version of subpackets in each sub-frame.

· Type 2: Each data burst in consecutive sub-frames has only one control signaling, but a data burst generated by a FEC encoder is transmitted over one sub-frame, as shown in Figure 2 (b).
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Figure 2. The examples of HARQ data transmissions in sub-frame concatenation
The main difference between the two types is the sub-frame unit per FEC encoder. As shown in Figure 2 (a), both type 1-A and 1-B allow users to improve their coverage by concentrating the transmit power and enhancing the coding gain, so it might be especially beneficial for the cell edge users in uplink. However, the HARQ data transmission by type 1 may have some impact on HARQ operations. Figure 3 shows an example of HARQ data transmission in a FDD for type 1. As seen in Figure 3, the HARQ data transmission of type 1 always causes the ACK/NACK latency for remaining ones except the data burst in the last sub-frame due to increased transmission delay. As a result, the HARQ RTT can be doubled and this can also lead to delay of next initial transmission or retransmission at all times in a FDD, or in some cases such as a TDD 3:1 mode.
From this point of view, we additionally need to consider the type 2 for sub-frame concatenation, as shown in Figure 2 (b). The type 2 does not cause the increase of HARQ RTT because ACK/NACK signaling is always transmitted on the same time in the default HARQ operation without any delay, as shown in Figure 4. In addition, since each data burst transmitted by type 2 is controlled by separate HARQ process, the transmitter can retransmit only erroneous data burst and BS will allocate an initial data to the resource for successfully transmitted data burst. This renders performance improvement due to minimizing inefficient HARQ retransmissions and maximizing the resource utilization, especially for a large packet.
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Figure 3. An example of HARQ data transmission in a FDD for type 1 (RTT = 8 TTIs)
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Figure 4. An example of HARQ data transmission in a FDD for type 2 (RTT = 8 TTIs)

Table 1 shows the several behaviors of these two types.
Table 1. Two types of HARQ data transmission in sub-frames concatenation

	
	Multiple sub-frames concatenation

	
	Type 1
	Type 2

	Physical structure
	· One FEC encoder for concatenated multiple sub-frames
	· One FEC encoder for each sub-frame

	Common advantage
	· Reduction of the control signaling overhead

	Advantages
	· Coverage improvement for the cell edge users, especially in uplink
· Higher coding gain
	· The same operations as the case of default HARQ
· No additional ACK/NACK latency

· No additional retransmission or initial data transmission latency
· Same HARQ RTT

· Same resource utilization


4. Conclusion
We propose the following text proposal for the 802.16m SDD even if the details of the sub-frame concatenation need to be studied further.

Text Proposal for the 802.16m SDD
================================= Start of Proposed Text ====================================
x.x Hybrid-ARQ 
x.x.x Hybrid-ARQ operations for sub-frame concatenation
The HARQ operations for sub-frame concatenation shall be used as following two types. Fig. xx illustrates HARQ data transmission for two types. In here, a data burst generated by a FEC block is distinguished by a HARQ channel ID and it is controlled by separate HARQ process.
· Type 1: Each data burst in consecutive sub-frames has only one control signaling and a data burst generated by a FEC encoder is transmitted over consecutive multiple sub-frames, as shown in Figure xx (a).

· Type 1-A: Continuous transmission of an initial data in concatenated sub-frames.

· Type 1-B: Autonomous retransmission with a different version of subpackets in each sub-frame.

· Type 2: Each data burst in consecutive sub-frames has only one control signaling, but a data burst generated by a FEC encoder is transmitted over one sub-frame, as shown in Figure xx (b).
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Figure xx. The examples of HARQ data transmissions in sub-frame concatenation
=================================== End of Text Proposal ===================================
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