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An Enhanced Chase Combining Scheme for WRAN Systems

1. Introduction

Hybrid ARQ provides an efficient way to improve the system error performance amd it has already been accepted by many standards, e.g. HSDPA, IEEE802.16. In this proposal, we propose an adaptive Hybrid ARQ scheme, more specifically an enhanced chase combining scheme, for WRAN systems. Since it is built on the top of conventional chase combining scheme, its performance is more robust than the conventional one while remaining its simplicity.

2. Scheme Design
Based on the conventional chase combining scheme, we apply a frequency interleaver onto the retransmit packets. The frequency interleaver reorders the modulated symbols of the retransmit packets such that the frequency diversity can be achieved at the receiver while performing symbol combining. Furthermore, since the receiver has the knowledge of channel state information and interference, in our design the interleaving patterns of the frequency interleaver is determined by the receiver and fed back to the transmitter. In the following, we shall elaborate our design in detail.
2.1. Frequency Interleaving
As illustrated in Figure 1, the frequency interleaver is added after modulation. It interleaves the modulated symbols within one subchannel (48 subcarriers for data transmission). In other words, this frequency interleaver reorders every 48 symbols of each user. 
Due to the introduction of a frequency interleaver, one symbol can be placed on different subcarriers in different transmissions. In this way, the frequency diversity can be achieved when combining the symbols from different transmissions, which result in a better system error performance. Figure 2 shows an example of frequency interleaving. If the first transmission is failed, the transmitted symbols {A, B, C, D} are reordered in the second transmission and the following retransmissions if necessary. Suppose the subcarrier denoted as blue is very poor, the symbol A is the bottleneck of the decoding in the first transmission. However, in the next transmission, the bottleneck symbol, symbol A, is placed on another subcarrier (denoted as red), which increases the chance of successful decoding.
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2.2. Determination of Interleaving pattern

For the first transmitted packet, the frequency interleaver does not reorder the symbols. If a packet needs to be retransmitted, a NAK will be fed back by the receiver. Accompanied with this NAK message, a frequency interleaving pattern will also be transmitted. Since the receiver usually has the knowledge of channel state information and interference, this interleaving pattern is determined by the receiver from a fixed set of patterns. This set is designed offline and known to the both sides of the transmitter and the receiver. Hence, in the feedback, the receiver just needs to specify the index of the selected interleaving pattern. After receiving the feedback, the transmitter uses the received frequency interleaving pattern to reorder the symbols for retransmission.
Figure 3 elaborates the receiver structure to support our adaptive retransmission scheme. As specified by the specification, the receiver is able to estimate the channel and detect the interference. This information is used to select the interleaving pattern if retransmission is necessary. 


[image: image3]
As illustrated in Figure 3, a component, named feedback controller, takes charge of all the feedback information. When receiving a packet, the receiver first tries to decode it. If it cannot decode the packet correctly, a NAK message is sent to the feedback controller. This controller is responsible for selecting an interleaving pattern for retransmission among the predetermined patterns. To make better choice on the interleaving pattern, the estimated channel coefficients and the knowledge of interference will be considered at the feedback controller. After selecting the interleaving pattern, the pattern index as well as the NAK message will be sent back to the transmitter in the feedback channel.
Here, we introduce an algorithm of selecting an interleaving pattern. In this algorithm, we choose an interleaving pattern to maximize the mutual information. Denote 
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  as the channel gains encountering by the i-th transmitted symbol in the first n-1 times transmissions and him is the channel gain of the i-th transmitted symbol when the m-th interleaving pattern is used. There are totally K transmitted symbols. Note the receiver is able to detect the interference and we assume the corresponding channel gain be zero if a symbol is placed on a subcarrier with interference. Hence, in the n-th transmission, the controller will choose an interleaving pattern which maximizes the summation of the mutual information of each symbol, i.e.,
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where p is the transmission power and σz2 is the power of noise. Notice that it is only an example of the algorithm of choosing an interleaving pattern. There are actually many other algorithms that can be used in the selection.
2.3. Procedures and Message Flow

Figure 4 shows the procedures of our enhanced chase combining scheme both at the transmitter and receiver; and figure 5 shows an example of message flow. In Figure 5, suppose the first packet is decoded successfully. Hence, an ACK feedback is transmitted from the receiver to the transmitter. However, when the second packet is failed, the receiver feeds back to the transmitter a NAK and an interleaving pattern (say pattern x) to be used. Then, in the second transmission of packet 2, interleaving pattern x is used. After receiving the retransmitted packet, the receiver combines this packet with the previous packet in symbol level. Suppose the receiver still cannot decode the packet successfully. The receiver continues to feed back a NAK and an interleaving pattern (say pattern y is chosen in this time). Then, in the third transmission of packet 2, interleaving pattern y is used. Suppose in this round, after combining the packets of the three transmissions, the receiver is able to decode the packet successfully; an ACK message is fed back to the transmitter.
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[image: image7]
3. Simulation

Assume one subchannel with 48 data subcarrier is allocated to a certain user. We consider three cases as follows.
· “No frequency interleaving”: frequency interleaving is not used.
· “Fixed frequency interleaving”: frequency interleaving is used. However, the selection of the interleaving pattern is only determined by the number of retransmissions.
· “Adaptive frequency interleaving”: The proposed adaptive retransmission scheme is used.
The configuration of the simulation is listed below.
· Information bits per coded block: NDBPB = 48.
· Length of coded block: NCBPB = 96.
· The interleaving patterns used in the simulation are shown in table 1. Each column represents an interleaving pattern. If the i-th integer of a pattern is j, then the j-th symbol of the data block before interleaving will be copied to the i-th symbol of the data block after interleaving.
· The ARQ feedback contains 6 bits, namely 1 bit for ACK/NAK and 5 bits for pattern selection. 
· Total number of transmissions = 4.
Figure 6 shows the simulation results where there is no interference in the channel. Figures 7 and 8 show the simulation results where each subcarrier has a probability of 0.05 and 0.2, respectively, to encounter a large interference. From these simulation results, we can see that it is always better to apply a frequency interleaver at the transmitter. Compared with the case of fixed frequency interleaving, our adaptive scheme has at least 1dB performance gain. Moreover, the more severe the bursty interference, the larger the performance gain.

4. Reference

[1] IEEE 802.22/D0.1, Draft Standard for Wireless Regional Area Networks Part22: Cognitive Wireless RAN Medium Access Control (MAC) and Physical Layer (PHY) specifications: Policies and procedures for operation in the TV Bands, IEEE Standard, May 2006.

Table 1: Interleaving Patterns
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Figure 6. No Interference
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Figure 7. Probability of Interference per Subcarrier = 0.05
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Figure 8. Probability of Interference per Subcarrier = 0.2
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Abstract


We propose an enhanced chase combining scheme for WRAN systems. This scheme is built on the top of conventional chase combining scheme, however, it performs more robust than conventional chase combining scheme while remaining its simplicity.





Figure 5. An Example of Message Flow














Figure 4. The Flowcharts of the Transmitter and Receiver
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Figure 3. The Structure of the Receiver
































Figure 2. An Example of Frequency Interleaving














Figure 1. Block Diagram of the Transmitter and Receiver
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