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1 Introduction
Several potential retransmission schemes exist for the HARQ operation for HSDPA. One example is the N-channel stop and wait protocol described in the feasibility study for HSDPA [1]. The N-channel stop and wait protocol have several variations,  e.g. synchronous, asynchronous and partly asynchronous operation. Other alternatives include variations of selective repeat and go back N schemes. In order to conclude on an appropriate HARQ protocol, it would be beneficial to agree on a set of requirements and relevant comparison criteria for the HARQ protocol retransmission scheme.

In this document, a number of potential requirements and comparison criteria are summarised.

2 Requirements and Comparison criteria for HARQ protocols

2.1 In-sequence delivery

If the HARQ receiver deliver each correctly received data block to the RLC receiver, the data blocks will not be delivered to the RLC receiver in the same order as the data blocks was originally transmitted, due to retransmissions by the HARQ layer. An RLC PDU delivered to the RLC layer before another RLC PDU with lower sequence number is here denoted out-of-sequence PDU.

The current RLC protocol layer is not designed for reception of out-of sequence PDUs. In UM RLC, the reception of an out-of sequence RLC PDU will cause the corresponding higher layer SDU to be discarded. In AM RLC, the reception of out-of-sequence RLC PDUs will cause gaps in the received sequence numbers. When a status report is triggered, the out-of sequence PDUs will be requested for retransmission by the RLC receiver, even if these RLC PDUs are not lost, only delayed due to HARQ retransmissions. These unnecessary retransmissions will lead to poor protocol performance.

To achieve a high protocol efficiency, in-sequence delivery should be provided to RLC. This can be achieved either in the HARQ protocol or through modifications of the RLC protocol, but need to be considered in the protocol design.

2.2 Memory requirement

The buffer memory requirement in both the transmitter (NodeB) and the receiver(UE) entity of the HARQ protocol should be considered. In the receiver entity, it is important to distinguish between two different requirements:

1. The number of received data blocks that needs to be stored to provide in-sequence delivery

2. The number of received data blocks from which soft samples need to be stored while the data blocks are retransmitted by the HARQ layer.

The latter is parameter requires significantly more memory for each data block. Note that these values are also dependent on the method used for soft combining, which is however not targeted here.

2.3 Robustness

The HARQ protocol need to be robust towards various protocol error situations, like lost signalling (e.g. read flags, sequence numbers or status information) and corrupt signalling due to undetected bit errors. The ability to recover from these error situations need to be considered. 

2.4 Protocol overhead

The protocol overhead required to signal sequence numbers, status information (positive and negative acknowledgements), read flags and other data fields should be considered for both uplink and downlink transmission.

The resources required to transfer a given protocol variable depends e.g. on the amount of information that needs to be transferred, the reliability required for the information (used error correcting coding and transmit power), and the frequency of the transmission of the information. Thus, a potential parameter for comparison could be the power needed to transmit the information.

2.5 Complexity

The complexity in terms of both processing requirements and implementation complexity should be considered. The implementation complexity may be difficult to calculate accurately but estimations could be sufficient for a comparison.

2.6 SDU delay

An important performance measure is the SDU delay caused by the HARQ protocol. A low average SDU delay implies a high link throughput and the average delay for an SDU calculated from the point the SDU is submitted to the HARQ transmitter until it is delivered to the RLC layer could be used to compare the performance between HARQ retransmission schemes. The SDU delay would implicitly include aspects such as scheduling flexibility, since a HARQ scheme with limited scheduling flexibility would experience a higher average SDU delay.

3 Conclusion and Recommendation

A number of potential requirements and comparison criteria for HARQ retransmission schemes has been identified and briefly described. It is recommended that a list of requirements and comparison parameters for the HARQ retransmission schemes is obtained and agreed upon in order for companies to provide more detailed solutions fulfilling the agreed requirements. 
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