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1 Introduction

The benefits and tradeoffs of asynchronous and synchronous HARQ for Enhanced Uplink are listed and discussed in this document. A way forward is then proposed. 

2 Asynchronous and Synchronous Operation

There are two possible modes to operate the HARQ for the enhanced uplink: asynchronous or synchronous. Asynchronous HARQ allows the UE to send multiple HARQ channels or processes at “random” times that is chosen by the UE. The asynchronous transmissions are more applicable to retransmissions since the first transmission is a function of the UE buffer status and the NodeB scheduler, and the asynchronous is with respect to the first transmission. The following lists the benefits and drawback of asynchronous HARQ compared to synchronous HARQ:

1. Asynchronous HARQ provides the flexibility for the UE to send the retransmissions at time that is not at regular interval from the first transmission. Thus, it provides the flexibility of service differentiation based on channel condition as QoS differentiation among packets by allowing some packets to be retransmitted with higher priority. With synchronous HARQ operation, the transmission time of a HARQ process is linked to a specific time which implies that the retransmissions of a HARQ process is pre-determined and is a function of the number of the total HARQ processes that UE possesses which is a function of the round trip time;  

2. Asynchronous operation has the flexibility not to retransmit any packet if the channel is deemed unfavorable by the UE. In full synchronous operation (TFRI only during first packet transmission), the retransmission time occurs at a fixed interval and the retransmission must be sent at the pre-determined time. In a partial synchronous (TFRI every transmissions and no HARQ process ID) operation, the UE need not have to send a retransmission at the pre-assigned time if it chooses not to. However, the next opportunity to retransmit in a partial synchronous operation is nonetheless fixed at a pre-determined interval as in a fully synchronous operation;

3. NodeB/RNC Re-ordering: The use of the re-ordering buffer can be avoided if the HARQ is fully synchronous + each packet must be sent and retransmitted a fixed maximum number of total transmissions. However the drawback of this proposal could be significant:

· Undesirable delay since a packet that is successfully sent and decoded in first transmission would still need to wait the total interval equivalent to the assigned max number of retransmissions before a new packet can be sent.

The re-ordering location (if needed) would be done at the RNC. A key parameter that would affect the size of the re-ordering buffer would be the total number of HARQ processes supported by the UE and the Transmission Sequence Number space. 

4. The additional flexibility afforded by asynchronous HARQ comes at a cost of additional signaling compared to synchronous HARQ. The additional complexity are the following:

- Signaling of the HARQ Process ID (HID). The size of the HID field would be dependent on the number of HARQ processes that the UE would support. This signaling is applicable to only asynchronous mode;  

· The Transmission Sequence Number (TSN) is required for all the different options: Asynchronous, fully and partial synchronous. However, because it is being sent in-band, the cost of this field is relatively small compared to layer 1 out-of-band signaling requirement. In addition, because it is sent in-band, it benefits from the Turbo coding gain. 

5. Better RoT Control: With asynchronous HARQ, the UE has the flexibility to send or not to send an uplink transmission based on for example the current system loading (when operates with Rate and Time scheduling mode). This improves the RoT control. However, in synchronous HARQ, retransmissions happen anyway leading to undesirable RoT fluctuation.

6. Autonomous Retransmissions: With asynchronous HARQ operated in combination with autonomous retransmission allows the UE to suspend the retransmissions if the UE geometry is in sufficient at a certain time. With full synchronous HARQ, the retransmission must be sent at a pre-determined time even though the UE does not have sufficient power margin to support the TFC of the first transmission. 

3 Summary 

It is proposed that the support of Asynchronous HARQ is kept at this point so that the performance gains over Synchronous HARQ could be further evaluated and compared. Based on the discussions above, the additional complexity of Asynchronous HARQ over Synchronous HARQ is found to be minimal at this point and should not be excluded before further investigation into the potential improvement in the performance.

































































































