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Introduction

To improve uplink performances, Enhanced uplink (EUL) may include some new functionalities and features such as HARQ. This may require establishment of new MAC functionalities, which can be incorporated in a new MAC entity (MAC-e). MAC-e is intended to cover HARQ and scheduling functionalities, and therefore the related protocol details need to be considered. One of the basic questions is whether to adopt a retransmission protocol with asynchronous or synchronous uplink data transmission. In this document, we address the relative merits of asynchronous and synchronous HARQ operation. 
Discussion
HARQ located in Node-B allows for fast retransmissions of the data received in error. HARQ protocol may operate with asynchronous or synchronous uplink data transmission.

In the asynchronous mode, the retransmissions may occur at any time, while in the synchronous mode, the retransmissions have to occur at pre-determined time instances. The fact that retransmissions can occur at any time allows for some flexibility, such as possibility to use the channel sensitive transmission of retransmissions. However, the gain that could be expected in uplink due to channel sensitivity is significantly diminished as compared to the downlink. The major reason for that is the uplink receive diversity, which makes the uplink channel more stable. Also, the information about the uplink current channel state is not as readily available, as it is for downlink.
The following highlights a number of areas where the use of asynchronous HARQ results in drawbacks compared to the use of asynchronous HARQ: 

1. Increased overhead

· An HARQ process ID needed for asynchronous operation

· Transmission Sequence Number (TSN) needed

2. Longer reordering delay

· Time needed to wait in reordering entity may be longer, since HARQ retransmissions can occur at the arbitrary time

· Implies longer delays before RNC can send NACK for the missing packet

3. Larger buffer requirements

· Larger number of packets has to be buffered in the reordering entity before they are put in order and sent to RLC

4. Each retransmission has to be scheduled

· More downlink overhead

5. Impact on Node-B scheduler

· Node-B does not know when a UE intends to transmit next subpacket. Hence, scheduler may grant UE certain rate with intention to get next subpacket (retransmission), while it may happened that UE instead sends some other data.

Conclusion
Based on the above considerations we believe that the flexibility offered by asynchronous operation is not worth the complexity associated with it. We therefore recommend that synchronous HARQ operation be defined as the working assumption for E-DCH operation.

























































