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1 Introduction

In RAN WG2#22 meeting  in Berlin, Germany (9-13 July 2001) it was decided to evaluate an async/sync HARQ scheme (asynchronous downlink, synchronous uplink) in more detail. 

In an asynchronous downlink scheme for N-channel stop & wait protocol the channel process is independent of the timing of the downlink transmission. In a synchronous uplink scheme there is a strict timing relation between HS-DSCH and the corresponding acknowledgement. 

Previously proposed asynchronous downlink HARQ protocols use an explicit signalling to identify a data block. 

This document introduces a proposal for the async/sync N-channel stop & wait HARQ protocol without using explicit signalling to identify a data block in downlink. A related in-sequence-delivery solution is introduced in [1]. 

2 Proposal of the Async/Sync scheme for HARQ Protocol

2.1 Description of the concept
The async/sync HARQ concept proposed in this document is based on the following assumption for the scheduling process in Node B: 

· The N channels of the SAW process are transmitted one after the other, except for retransmissions which are always preferred and have to be sent as soon as possible. 

The mentioned rule provides a reliable and efficient scheduling concept. By fixing this as an always valid rule, the packet number indication  (Sequence number,...) can be avoided.

The resulting HARQ process is illustrated in figure 1.
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Figure 1
Figure 1 presents an ideal case of data packet transmission without retransmission. N=4 channel stop & wait is assumed as an example. In order to simplify the figure, the uplink signalling is not regarded. It is assumed that Node B receives an ACK/NACK within an appropriate timeframe, in order to ensure that a retransmission of a packet can occur N TTIs after the initial transmission of this packet.

Node B sends the packet 1 in TTI 1.  The packet number needs not be transmitted on the air interface and is only used for illustration. UE can assign these numbers internally in order to identify the arrival of the packets in the soft buffer. 

The diminishing blue boxes in the soft buffer represent a TTI counter, indicating the time (in TTIs) a corrupted packet is to remain in the soft buffer before a retransmission can occur at earliest. This time period corresponds to N. For example, a retransmission of packet 1 could occur in TTI 5 at the earliest (because N=4).

The packet which is sent in the next TTI 2 is stored in the next clockwise empty buffer. The receiver internally assigns a packet sequence number before storing it into the soft buffer.

The same holds for packets sent in the next TTIs 3 and 4.

In figure 1 there is no data in TTI 5 for the UE (e.g another UE is scheduled in this TTI). In TTI 6 the UE is addressed again and the data block is stored in the next clockwise empty buffer.  A sequence number is assigned internally before storing.

Figure 1 shows that no signalling of sequence numbers is needed over the air interface. Instead, the sequence numbers are derived implicitly from the scheduling order according to the rule for the transmission and the retransmission. 
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Figure 2

Figure 2 shows a retransmission case. The first packet in TTI 1is corrupted. According to the scheduling rules in the Node B the retransmission data is always preferred and have to be sent as soon as possible. According to the processing time the next possible retransmission for this packet can occur N TTIs after the initial transmission, i.e. in TTI 5. The exclamation mark at the soft buffer indicates that N TTIs were transmitted after initial transmission and that the UE expects a re-transmission for the stored packet in succeeding TTIs. Packet 1 stays in the soft buffer until it is combined with the correctly received retransmitted data which is sent in TTI 6. Retransmission indicators are used to detect protocol errors.

In case of e.g. ACK/NACK misinterpretation in Node B, the Node B in TTI 6 will transmit the first transmission of Packet 5 without retransmission indicator. The UE will detect the error, because it expects the retransmission of packet 1.
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Figure 3

Figure 3 shows another example when the data block 3 is corrupted. The retransmission is expected in TTI 7 at the earliest. In TTIs 4 and 6, other packets are scheduled as initial transmissions. The expected retransmission is received in TTI 7. In the next TTI 8, initial transmission of packet 6 is stored in the soft buffer clockwise.

3  Conclusion

In this document, an async/sync N-channel stop & wait HARQ protocol has been proposed with the following advantages: 

· No explicit signalling to identify a data block is needed. Therefore, the errors due to sequence number misinterpretations are avoided.

· A minimum size of soft buffer in the receiver is required (soft buffer size is corresponding to N).

· In- Sequence -Delivery is guaranteed by an implicit approach within the HARQ, see[1].

· Flexible scheduling  to achieve high throughput is possible.

· Small SDU delay in the receiver is expected according to the transmission and retransmission rules in the scheduling.

· Retransmission indicator enables error handling.   

A concept how multiple transport channels per UE can be handled efficiently with this approach in order to meet varying QoS requirements is given in [2].

It is therefore proposed to consider this HARQ approach for further work on HSDPA.
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