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1
Introduction
In R5 HSDPA, the DL control channel (HS-DSCH) conveys the information of transmit format, modulation order, resource allocation, HARQ process information, redundancy version, new data indication, and the others, which is necessary for the receiver to correctly decode data packets [1].
In this document, we discuss the issues associated with the DL control channel for OFDMA based E-UTRA.

2
HARQ Processing

When we adaptively change the packet format (i.e., adaptive IR) or the transmission timing (i.e., asynchronous IR) for each HARQ retransmission, we need to transmit the control channel together with the data sub-packet in every retransmission. Compared to the synchronous IR, where we operate the system on the basis of a predefined sequence of retransmission packet format and timing, the adaptive asynchronous IR has a potential advantage of optimally allocating the retransmission resource in a time varying channel. 
However, in the presence of a short TTI, a short retransmission interval, and a small number of target retransmissions in order to reduce the end-to-end latency, we are not likely to have a meaningful gain of the adaptive asynchronous IR in the E-UTRA. 
On the other hand, as the adaptive asynchronous IR needs much higher operational complexity and additional overhead field in the control channel compared to the synchronous IR, we recommend using the synchronous IR rather than the adaptive asynchronous IR for OFDMA based E-UTRA downlink. 

3
Sequential Decoding

Assuming that we use the synchronous IR, the best control channel transmission strategy is not clear. We consider two strategies:
· Strategy 1: Transmit the control channel only at the initial sub-packet transmission time. Put the total energy required to achieve a target error rate in the single transmission.

· Strategy 2: Transmit the control channel in every sub-packet transmission time. Divide the total energy required to achieve a target error rate by the target number of sub-packet transmissions and evenly allocate for each sub-packet transmission.

Strategy 1 is a straightforward approach and preferred in terms of processing complexity, but Strategy 2 has a potential benefit of peak power reduction, time diversity, and early termination gain. Thus, Strategy 2 was adopted in E-DCH transmission for uplink UTRA [2]. We analyze the two strategies for E-UTRA downlink control channel transmission, where the peak power reduction might not be a big advantage.       

Strategy 2 transmits the control channel containing the same information except TSN (or, redundancy version) in every sub-packet transmission. Therefore, we can improve the control channel decoding performance by a proper soft combining method like sequential decoding rather than a stand-alone decoding [3].  
For example, if the maximum number of allowed transmissions is limited by 4, the control channel comprises a 2 bit TSN field which changes every retransmission and a retransmission-invariant field which contains the remaining information necessary to decode the data packet. There may be a variety of implementations of the sequential decoding.  A simple way is to take a two-stage procedure: First, classify candidate codewords into four subsets hypothesized by the TSN and select the best candidate in each subset. Then, evaluate the selected candidate and pick up the best one.

Depending on the subset specified by the TSN, we need to combine the current control sub-packet with one or several previous sub-packets. More specifically, the candidates associated with TSN 0 needs no combining, while those associated with TSN 1, 2, and 3 need to combine two, three, and four sequentially received sub-packets before decoding.
4
Potential Advantage of Strategy 2
Strategy 2 has a potential advantage over Strategy 1 in terms of time diversity and early termination gain if the receiver combines multiple observations of the control channel by sequential decoding. 

· Time diversity gain originates from the channel variation between the initial sub-packet transmission time and the last sub-packet transmission time when the HARQ process terminates. If the TTI, the retransmission interval, and the average number of retransmissions are small relative to the channel coherence time, the time diversity gain diminishes.

· Early termination gain originates from the discrepancy between the average number of retransmissions and target number of retransmissions. If the variance of the HARQ termination time is large, the average termination time is much earlier than the target termination time. As the control channel error probability should not be a limiting factor of the data packet decoding error probability, the control channel should be designed so that it has a much smaller error probability than the data packet error probability. If a large number of packets terminate earlier than the target termination, we can effectively save the average control channel power. If the variance of actual number of sub-packet transmissions is very small (i.e., most HARQ termination occurs exactly in the third transmission in our example), the early termination gain diminishes.
5
Conclusions
In this contribution, we proposed a synchronous IR for OFDMA based E-UTRA downlink.

Further, we considered two downlink control channel transmission strategies. The advantage of per sub-packet control channel transmission over a single control channel transmission is not as clear as in the case of uplink UTRA, since the peak power reduction is not very critical in the downlink. We need to carefully evaluate the potential advantage of the per sub-packet control channel transmission along with the sequential decoding in terms of early termination and time diversity effects.  
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