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1. Introduction

At RAN1#43, it was agreed that synchronous hybrid ARQ (HARQ) was the main assumption for single-carrier FDMA in the E-UTRA uplink [1]. This paper presents comparisons between asynchronous HARQ and synchronous HARQ from the viewpoints of flexibility of the packet assignments and control signaling in the E-UTRA downlink.

2. Comparison between Asynchronous and Synchronous HARQ

· Flexibility of Packet Assignments

· Asynchronous HARQ 

· Retransmission takes place using the optimum resource block (RB) by frequency domain channel-dependent scheduling at the independent timing of previous transmissions. Thus, high frequency diversity effect is gained.

· Transmission of the retransmitted packet does not influence the transmission of periodically pre-scheduled traffic such as VoIP.

· Synchronous HARQ

· Retransmission takes place based on a pre-decided timing relation, i.e., at the next timing with the same HARQ process number

· Thus, retransmission interrupts the transmission of the optimum UE with the highest priority, which is assigned by the frequency and time domain channel-dependent scheduling

· Simultaneously, a retransmitted packet is not transmitted employing the best RB. However, the performance degradation due to non-optimum RB assignment is mitigated by frequency hopping.

· Control Signaling

· Asynchronous HARQ

· The HARQ process number and RB information must be transmitted within the L1/L2 control channel in the downlink

· However, the UE can precisely identify the retransmitted packet and its RB from the HARQ process number.

· Synchronous HARQ

· The HARQ process number is not to be transmitted in the downlink in the synchronous ARQ case. 

· However, when ACK/NACK bits are erroneously decoded in the uplink, the influence of the decoding errors on the operation in the downlink may be greater than that in the asynchronous HARQ case. More specifically, if NACK bits are erroneously decoded as ACK, Node B transmits the initial packet of a different UE using the negotiated RB to the UE, who requested the retransmission. Then, the UE combines the wrong packet signal from a different UE with the initial one. Even when the UE requests retransmission again, quality of the packet signal is not improved because a completely erroneous packet was already combined. Although outer ARQ can compensate for the situation, the transition delay becomes longer. Otherwise, blind combining operations for possible combination of packets are necessary.  Accordingly, the removal of HARQ process number in the downlink does not necessarily lead to a merit without any impairment.

From the discussions above, asynchronous HARQ is preferred in the downlink prioritizing the flexibly assignment of packets including retransmissions, although further detailed investigations are necessary.

3. Conclusion

This paper presents comparisons between asynchronous HARQ and synchronous HARQ from the viewpoints of flexibility of the packet assignments and control signaling in the E-UTRA downlink. We conclude that asynchronous HARQ is preferred in downlink prioritizing the flexibly assignment of packets including retransmissions, although further detailed investigations are necessary.
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