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Synchronous Non-adaptive HARQ in IEEE 802.16m Uplink
Woosuk Kwon, Hyungho Park, Sukwoo Lee
LG Electronics
1. Introduction
In this contribution, HARQ operation is classified according to the transmission characteristics and it is proposed to support synchronous non-adaptive HARQ operation in IEEE 802.16m uplink. Then, we discuss on our view of enhancing synchronous non-adaptive HARQ.
2. HARQ Operations
In terms of retransmission timing, HARQ operations can be classified into synchronous HARQ and asynchronous HARQ. HARQ operation can be further classified as being adaptive or non-adaptive in terms of how to manage transmission attributes.
2.1. Synchronous / Asynchronous HARQ

Synchronous HARQ defines the retransmission timing such that all the HARQ retransmission processes are restricted to occur at known time (usually with a certain period) between MS and BS. So synchronous HARQ does not require HARQ process number for retransmission packets and can be operated with less signaling overhead during retransmissions [1].
On the other hand, in case of asynchronous HARQ, there is no restriction of retransmission timing, i.e. retransmissions may take place at any time after decoding of ACK/NAK signaling. Therefore, explicit signaling such as HARQ process number is required to transmit each retransmission packets in asynchronous HARQ mode, and it makes possible to have more flexibility in scheduling. But due to explicit signaling, signaling overhead is increased.
2.2. Adaptive / Non-adaptive HARQ
In adaptive HARQ operation, transmission attributes such as modulation order, code rate, and the amount of resource allocation may be changed during retransmissions. By applying those attributes adaptively with varying channel condition, scheduling can be more flexible. And thus, it is easy to get scheduling gain in adaptive HARQ mode. However, adaptive HARQ operation requires more control singling overhead than non-adaptive HARQ operation because transmission attributes shall be informed to receiver at every retransmissions.
In case of non-adaptive HARQ, the packet format for retransmissions is not changed or is known to both MS and BS. Hence, no further control signaling is required while it is difficult to get scheduling gain because of its fixed characteristics in packet formats.
3. Synchronous Non-adaptive HARQ in IEEE 802.16m UL
  In summary of the above descriptions, synchronous non-adaptive HARQ operation requires the least control signaling overhead. And in the uplink, it is difficult for BS to accurately estimate the uplink signal due to interferences from MSs in other cells. So the adaptive scheduling may not give significant system gain even with much signaling overhead in uplink. Therefore, it would be desirable to support synchronous non-adaptive HARQ operation in uplink to reduce system overhead for control signaling while meeting the requirements in the IEEE 802.16m SRD [2].
However, it would be better to get advantages of adaptive HARQ characteristics without additional signaling overhead to achieve better overall performance. Among the transmission attributes that can be set adaptively, MCS (Modulation and Coding Set) can be set during retransmissions in a pre-determined manner.
For example, MCS can be changed in consideration of the required SNR which varies depending on the relationship between modulation order and code rate during retransmissions.
Figure 1 - 3 shows the simulation results of the required SNR depending on the modulation order and the allocated resource size described as Normalized Resource Size. Normalized Resource Size can be regarded as the inverse of MPR (Modulation order Product code Rate). The simulation is based on IEEE 802.16e CTC IR HARQ system, and encoding packet size (
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) is 4800 bits. And simulation parameters are presented in Table 1. Normalized Resource Size is calculated by
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Assuming that the same resource size is allocated during retransmissions in synchronous non-adaptive HARQ, the effective code rate, Reff can be expressed as
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So the retransmissions of packets can be seen as assigning more resources and the resulting effective code rate becomes decreased. As you can see in Figure 1, there are crossing points between modulation order and the Normalized Resource Size in terms of the required SNR. So the appropriate modulation order can be selected to have less required SNR. These crossing points may vary depending upon the channel characteristics, but the similar trend of having crossing points can be found as shown in Figure 2 and 3.
As assumed in the above example, in order to maintain the control signaling overhead and take full advantages of synchronous non-adaptive HARQ scheme, it is recommended to fix the allocated resource size during retransmissions.
Table 1. Simulation Parameters

	Parameters
	Assumption

	Bandwidth
	10 MHz

	Number of subcarrier
	1024

	Frame length
	5ms

	Channel estimation
	Perfect

	Channel code
	CTC (Mother code rate : 1/3)

	Modulation
	QPSK / 16 QAM / 64QAM

	MIMO configuration
	None (SISO)

	Resource allocation
	PUSC

	Channel model
	AWGN / PedB / Veh A

	MS mobility
	· / 3km/h / 30km/h

	Receiver type
	Linear MMSE
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Figure 1. Required SNR (at 10% FER) vs. the modulation order and the Normalized Resource Size (AWGN)
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Figure 2. Required SNR (at 10% FER) vs. the modulation order and the Normalized Resource Size (PedB 3km/h)
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Figure 3. Required SNR (at 10% FER) vs. the modulation order and the Normalized Resource Size (VehA 30km/h)

4. Conclusions

We support synchronous non-adaptive HARQ operation as IEEE 802.16m uplink HARQ operation. Using the method which is explained above, synchronous non-adaptive HARQ may obtain better performance without additional control signaling overhead.
Text Proposal for the 802.16m SDD [3]
============================== Start of Proposed Text ================================
Section 11 – Physical Layer
The UL HARQ shall support synchronous non-adaptive operation.

In UL HARQ operation, the allocated resource size shall be fixed during retransmissions and the MCS shall be able to be changed during retransmissions.
=============================== End of Text Proposal ===============================
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