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1. Introduction

In the HSDPA work item, H-ARQ located in MAC-HS on node B is an important scheme. In general there are two different schemes, selective repeat (SR) and the stop-and-wait (S&W) algorithm. An advantage of the SR algorithm is that it is not possible to have the error case, that a NACK can be misinterpreted as an ACK, since in SR a NACK is indicated by an expired timer. 

2. The S&W-algorithm

The Stop-and-Wait protocol  requires a one-bit sequence number, and works as follows [1]:

It is defined, that the very first transmission between sender and receiver is sent with e.g. sequence number (SN) equal to zero. If an acknowledgement (indicating the SN 0) is received, the sender can transmit a different packet, this time using SN equal to 1.  

If no acknowledgement is received within a certain time-out period (important for the case, that the acknowledgement was lost) or a NACK is received, the sender retransmits the packet as it was sent in the original version, i.e. using the SN 0. This is due to the SN, that has to be toggled (0 or 1) between successively sent new packets, the receiver knows exactly, whether the received packet is a retransmission or not. 

3. An ACK is misinterpreted as a NACK

In this case the sender retransmits the PDU, to which the NACK refers to. This retransmission is done with the same sequence number as the previous transmissions of the same PDU. Hence the receiver, that expected a new transmission (with the toggled sequence number) would recognise that the PDU is not a new transmission, would ACK the transmission so that this time the sender hopefully receives the ACK for this (not expected) re-transmission of the PDU, that was already correctly received, and the receiver would discard the retransmitted packet, since it was a ACK-NACK misinterpretation. 
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 Figure 1: ACK is misinterpreted as a NACK

For this error case no additional means are required to clear the situation.

4. A NACK is misinterpreted as an ACK

In this case the sender assumes that the PDU was transmitted successfully, although it was not, and would carry on with a new transmission of the following PDU, again with the toggled sequence number. From the toggled sequence number the receiver finds out that this is not the expected retransmission. The receiver could discard the previous transmission, which was not yet successful, store the just received new transmission, since it was a NACK-ACK misinterpretation and continue, i.e. ACK it, if it was received error-free or NACK it, if it was received wrongly.

The different handling of the received PDU (in the first case the PDU is discarded and in the second case the received PDU is stored) in both cases, i.e. in the ACK-NACK-misinterpretation and in the NACK-ACK-misinterpretation, can be done because the receiver is able to recognize the type of misinterpretation. 
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Figure 2: NACK is misinterpreted as an ACK.

However, there is no means for the receiver to notify the sender that it should retransmit the previous PDU. This is important especially in the case of HSDPA, where H-ARQ type II/III is used to achieve a better reliability.

The countermeasure to deal with this failure case is as follows:

1. On receiving a new PDU transmission, although the receiver expects a PDU retransmission, the receiver sends a specific command “Revert to the previous transmission and send a re-transmission of it” to the sender. The new transmission is stored as a coded block. This Revert command would additionally ACK the correct transmission of the unexpected new transmission. In case the unexpected new transmission were received erroneously, the Revert command would additionally NACK the unexpected transmission.



In order not to constrain in-sequence delivery, this PDU should be stored in a position, that follows the position, in which the missing PDU would be stored.

2. The sender has to store the PDU, that was ACKed, for a further transmission phase in order to be able to retransmit this PDU on request using the Revert-command. Storing the PDU in coded form is probably not required, since the redundancy to be used for retransmission is also generated particularly from the uncoded PDU for each retransmission. 

The transmission sequence then looks as follows (4-channel S&W assumed):

[image: image3.wmf]0

1

2

3

packet transmission

NACK misinterpreted 

as an ACK

Scheduled for 

other UEs

UE 1

Scheduled for 

other UEs

4

5

6

7

0

8

9

10

Revert Cmd

Retransmit

0

1

2

3

0

1

2

3

packet transmission

NACK misinterpreted 

as an ACK

Scheduled for 

other UEs

UE 1

Scheduled for 

other UEs

4

5

6

7

4

5

6

7

0

8

9

10

0

8

9

10

Revert Cmd

Retransmit


Figure 3: Transmission sequence in case a NACK is mis-interpreted as an ACK, where the new transmission after the mis-interpretation is received correctly. 
The numbers 0, 1, 2, … 10 can be understood as RLC sequence numbers, which however are not used by the retransmission scheme in MAC-HS.

In case the new transmission after the mis-interpretation is received erroneously, the Revert-NACK command would indicate to the sender, that it should revert to the previous packet transmission, and after sending the retransmission for the previous packet, continue with the retransmission of the packet sent after the mis-interpretation:
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Figure 4: Transmission sequence in case the NACK is mis-interpreted as an ACK, and the new transmission after the mis-interpretation is received with errors.

The numbers 0, 1, 2, … 13 can be understood as RLC sequence numbers, which however are not used by the retransmission scheme in MAC-HS.
The recovery scheme is important, since without it, the receiving side would have to discard all other PDUs, which are required to build the SDU, in which the PDU (lost due to the misinterpretation of the NACK) is also contained. Therefore, it increases the efficiency of the S&W scheme much more considerably than when only looking at the one PDU, the correct reception of which is not achieved due to the misinterpretation of the NACK as an ACK. 

5. Consequences of the improvement

The required memory on the sending side (Node B) is getting larger. But more important is the fact that the error case of a erroneously interpreted NACK can be solved in the MAC-layer.  

Also, an additional “bit” to code the Revert-ACK and Revert-NACK is required to be transmitted in the uplink.

6. Conclusion

It is proposed to add this error recovery scheme of the S&W-algorithm in the TR 25.855 .
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