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1 Introduction
The HARQ in HSDPA uses a stop-and-wait protocol. The stop-and-wait protocol can be operated in different modes providing different degree of flexibility and overhead trade-off. This paper discusses and compares different stop-and-wait protocol options possible for HSDPA.

2 HARQ stop-and-wait protocol options

2.1 Synchronous operation

In synchronous mode, the transmitter has flexibility in choosing the time for the first transmission of a data block. Retransmissions of the data block can take place only at fixed time intervals relative to the first transmission. For example, with (N-1)-TTIs feedback delay, if the first transmission of a data block takes place in TTI #i, then retransmission to the user (if any) must take place in TTI number (i+N). If that retransmission fails, then the next retransmission will take place in TTI number (i+2N) and so on.
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Figure 1. Synchronous stop-and-wait HARQ
2.2 Partially asynchronous operation

A variant of this approach is to allow partially asynchronous operation, wherein retransmission can take place at an interval that is at any integer multiple of N. As in the previous example, suppose the first transmission to the user takes place in TTI number i, then a retransmission can take place in any subsequent TTI number i+jN where j is an integer.  This affords the transmitter some flexibility in assigning TTIs corresponding to that channel to other users. An example of the partially asynchronous approach is given in Figure 2 where the retransmission to user A is pre-empted to accommodate user B’s new transmission and retransmission.
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Figure 2. An example of “partial asynchronous” HARQ operation

2.3 Fully asynchronous operation

A greater degree of flexibility can be obtained by allowing fully asynchronous operation wherein transmissions/retransmissions to any user on any channel can be done at any time. This allows full realisation of multi-user diversity gains. The fully asynchronous operation requires that a channel identifier be transmitted to the user, thus requiring log2N overhead bits. For typical code sizes and number of multiple channels supported, this would represent a small percentage overhead. 

An example of fully asynchronous operation for the same case as in Figure 2 is depicted in Figure 3. The retransmission to user A can now be performed in the 6th TTI even though the interval between transmissions is not an integer multiple of N. In case of “partial asynchronous” operation, the retransmission to user A has to be delayed to 17th TTI. Therefore, the time to complete transmission in a partial asynchronous scheme could be larger compared to a full asynchronous scheme. Moreover, with fully asynchronous operation, a large amount of data can be sent to a user when the channel conditions are favourable thus fully exploiting the multi-user diversity gains. 
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Figure 3. An example of fully asynchronous HARQ operation


Synchronous
Partially asynchronous
Fully asynchronous

Scheduling Flexibility

(Assuming initial transmission in TTI i)
Retransmissions will happen in TTIs (i+D), (i+2D),…, where D is the ACK/NACK feedback delay in TTIs.
Retransmissions can happen in TTIs (i+jD), where j is an integer.
Retransmissions can be scheduled at any time after the ACK/NACK feedback is received.

Overhead
User identification needed only in the first transmission.
User identification needed in each transmission/retransmission.
User identification needed in each transmission/retransmission. In addition log2(N) bits needed in each transmission/retransmission in order to identify the N-channels.

Table 1. Comparison of different stop-and-wait protocol options for HSDPA

3 Conclusion and Recommendation

Three different types of stop-and-wait protocol based options are discussed for HARQ operation in HSDPA. It has been agreed in RAN WG1 that the scheme that allows the full asynchronous operation provides the highest degree of scheduling flexibility in allocating resources. It is therefore recommended to adopt a full asynchronous operation for HSDPA and incorporate the text and Table. 1 from section 2 into the relevant sections in TR 25.950.
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