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1 Introduction
At WG2 #22 in Berlin it was decided to adopt a hybrid ARQ scheme with asynchronous downlink and synchronous uplink for HSDPA. Detailed proposals on the HARQ scheme where invited to WG2 #23. This document describes an async/sync scheme that provides the following properties:

· In sequence delivery is provided by the MAC layer 

· A data block can be transmitted in any TTI to any UE, i.e. the transmitter has full scheduling flexibility

· The effect of undetected bit errors on HARQ signalling is mitigated

2 Protocol Description

In this section, the proposed async/sync HARQ protocol is described.

2.1 General 

In the proposed scheme, each transmitted data block is associated with a sequence number SNHARQ.  Acknowledgements and negative acknowledgements are transmitted from the receiver in status messages, where the time of reception of the status message is used to identify the data blocks.

The range of data blocks that the transmitter is allowed to transmit or retransmit at a given time is given by a transmitter window.  Similarly, the range of data blocks that are accepted by the receiver is given by a receiver window. The transmitter window is updated upon reception of a status message from the receiver. The receiver window is updated upon reception of in-sequence data blocks. 
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Protocol parameter
Assumed value
Comments

Maximum sequence number
32 (5 bit)


Tx/Rx window size
16


Status message length
1 bit
ack/nack

status transmission frequency
once /TTI


Table 1 Proposed protocol parameters for the described Hybrid ARQ protocol

2.2 Downlink Signalling

In the downlink, a 5 bit sequence number SNHARQ is associated with each transmitted and retransmitted data block. The sequence numbers are used in the receiver side to identify the data block and to provide in-sequence delivery. 

2.3 Uplink Signalling

In the uplink, a binary status message is used indicating either ACK (positive acknowledgement) or NAK (negative acknowledgement). The details of the coding of the status message is left for RAN1 to decide.

2.4 UE capabilities

The following parameters related to the HARQ scheme are proposed to be defined as UE capabilities:

· UE soft memory

The number of soft information bits the UE is capable of storing

· UE hard memory

The number of hard information bits (decoded bits) the UE is capable of storing

· UE status processing delay 

The time delay from the reception of a data block until a status message (ACK/NACK) is transmitted by the UE in number of TTIs.

The protocol performance is dependent on the memory and processing capabilities. By defining these parameters as UE capabilities, a flexible UE implementation is possible where high performance UEs can be developed over time. 

2.5 Transmitter operation

2.5.1 Retransmission scheme 

For each transmitted data block a re-transmission counter is started with the value TRT. If no status message containing an ACK is received at TTI TRT , after the transmission of a data block, the data block is retransmitted. Consequently, data blocks will be retransmitted both when the data block is incorrectly received in the receiver and when the status message is lost. Note that the point in time for the retransmission is flexible and up to the scheduler in the Node B. 

The value of the re-transmission counter TRT  is negotiated between the UE and the Node B but needs to be selected larger than the RTT, which in turn depends on the processing delay of the connected UEs.  The value of the counter TRT  can be selected individually for each UE to maximise the performance, and to allow for a development of high performance UEs. 

2.5.2 Transmitter window handling

The transmitter window defines which set of data blocks that the transmitter is allowed to transmit and retransmit at a given time. It is used to control that the receiver can uniquely identify the received data blocks from the sequence numbers , i.e. avoid wrap around problems due to the limited sequence number range. 

The transmitter window is updated upon reception of positive acknowledgements from the peer entity, in such a way that the lower edge of the transmitter window equals the sequence number of the first in-sequence data block not yet acknowledged by the peer entity.

2.5.3 Window size

The size of the Tx and Rx window should be selected to achieve a sufficiently low stall probability with a low signalling overhead. With a window size equal to half the maximum sequence number, a reasonable value of the window size is 8 or 16.

Window size
Max sequence number
Number of bits
Number of retransmissions

8
16
4
2

16
32
5
4

Table 2 Reasonable values for the window size

The rightmost column in the table above shows the number of retransmissions that can be made of a data block before a stall condition occurs, assuming a roundtrip time of N=4 TTIs.

It may be rather frequent that more than 2 retransmissions occur, and it is therefore recommended to define the window size equal to 16. A window size larger than 16 seems unmotivated, considering the increased overhead caused by the longer sequence number.

2.5.4 Node B scheduling and UE memory utilisation 

The scheduling of data blocks in the Node B is not proposed to be specified, but some aspects of the HARQ operation should be considered in the Node B scheduling.

· Node B should assure that the number of outstanding (transmitted but not yet acknowledged) data blocks to one UE does not exceed the UE soft memory capability.

· Node B should assure that the number of correctly received data blocks that a UE need to store for in-sequence delivery does not exceed the hard buffer memory capability.

2.6 Receiver operation

2.6.1 Reception of data blocks

The received data blocks are identified by the sequence numbers. The sequence numbers are also used to determine which data blocks shall be combined, when retransmissions occur. In case chase combining is selected, no further identification except the sequence number is needed (e.g. new/continue flag or block number). 

2.6.2 In-sequence delivery

The RLC PDUs contained in received data blocks are delivered to the RLC layer in-sequence, i.e. the RLC PDUs in one data block are not delivered to RLC as long data blocks with lower sequence numbers are under retransmission by the HARQ entity

2.6.3 Receiver window handling

A receiver window is not needed in normal operation. However, it is beneficial to define a receiver window to handle abnormal cases like misinterpretation of ACK/NACK messages in the Node B. In addition to defining a receiver window, it is beneficial to divide sequence numbers outside the receiver window to two regions: above and below the window. The receiver window and the sequence numbers above it define which data blocks the UE is prepared to receive at a given time. The receiver window is updated upon reception of an acceptable data block so that the highest received sequence number forms the higher edge of the receiver window. Thus, when a data block outside the receiver window is received, and the receiver window is updated , data blocks are dropped in the lower edge of the window (unless those data blocks are already correctly received). All data block received below the window are discarded.

It is the Node B responsibility to schedule data blocks in such a way that the UE buffer memory is not exceeded. But the receiver window gives a well defined UE behaviour in cases where the Node B schedules data blocks that the UE can not buffer due to lack of buffer memory.

2.7 Error handling

A number of potential error cases and their handling in the protocol are listed below. 

Misinterpretation of the status message, ACK interpreted as NACK

If an ACK is interpreted as a NACK, the corresponding data block is retransmitted by the HARQ entity. This retransmission will be unnecessary since the data block has already been correctly received by the UE. In the UE the retransmitted data block will be discarded, and the UE should reply to the retransmission by transmitting an ACK.

Misinterpretation of the status message, NACK interpreted as ACK
If a NACK is interpreted as an ACK, the data block will be removed from the Node B transmitter buffer and the RLC PDUs included in the data block will be lost. The receiver window handling for this error case is described in subsection 2.6.3. In case AM RLC is used, the RLC PDUs will be retransmitted by RLC, however this implies a significant delay of the RLC PDUs. 

No status message transmitted

There will always be downlink signaling that indicates for which UE(s) the HS-DSCH data is intended. This “UE identification” is either explicit or implicit in form of an HS-DSCH indicator on e.g. the associated DPCH. Occasionally the UE will not be able to correctly decode this downlink signaling, in which case no status message will be transmitted. In this case, Node-B will still expect and try to detect a status message from the UE. If Node-B detects an ACK, but the UE did not transmit any status message, an error will occur. This error condition is also covered by the receiver window handling described in subsection 2.6.3.
3 Discussion

The described HARQ protocol achieves in-sequence delivery to the RLC layer and gives full scheduling flexibility in the Node B transmitter. By using the UE capabilities to control the scheduling of data blocks, UEs with various processing and buffer capabilities can be supported in an efficient way, allowing UE capabilities to improve over time. These properties are combined with the low overhead associated with a synchronous uplink. The described HARQ protocol consists of mechanisms to cope with undetected bit errors in HARQ signalling.

4 Conclusion and Recommendation

It is recommended the described protocol is adopted as the working assumption for the HARQ protocol for HSDPA. It is further recommended that the described protocol is included in the HSDPA technical report.
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Figure � SEQ Figure \* ARABIC �1� Example of the protocol operation. Transmitted and received data blocks are shaded.
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