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1 Introduction
A number of different HARQ protocols have been proposed for HSDPA and some alternatives are listed in [1]. The protocols can roughly be divided into groups based on how the signalling is done in downlink and uplink respectively. 

Protocols with asynchronous downlink uses an explicit signalling to identify a data block, whereas in a protocol with synchronous downlink, a data block is identified based on the time point a data block is received. A protocol with asynchronous uplink uses sequence numbers or other explicit identification of the feedback messages whereas protocols with synchronous uplink identifies the feedback messages based on the time when they are received. 

Some possible combinations are:

· synchronous downlink with synchronous uplink (sync/sync), e.g. synchronous N-channel Stop-&-Wait

· asynchronous downlink with synchronous uplink (async/ssync), e.g. asynchronous N-channel Stop-and-Wait and A2IR

· asynchronous downlink with asynchronous uplink (async/async).

This document describes an async/async HARQ protocol to be considered for HSDPA with improved properties compared with previously proposed sync/sync and async/sync schemes. The described scheme has been designed to fulfil the requirements in [1]. In particular, emphasis has been put on the following: 

· High performance 

· Low buffer memory requirement

· Low complexity

· High robustness against bit errors

· Low signalling overhead

2 Protocol Description

In this section, the proposed async/async HARQ protocol is described. The properties of the protocol and some discussion on alternative solutions are described in Section 3-5.

2.1 General 

In the proposed scheme, each transmitted data block is associated with a sequence number SNHARQ. Acknowledgements are transmitted from the receiver in status messages, where the sequence numbers are 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
6 bit


status transmission frequency
once /correctly received data block


Table 1 Proposed protocol parameters for the described Hybrid ARQ protocol

2.2 Status message format

The format of the status message is shown in the Figure below.

A/C (1bit)
SN (5 bit)

Table 2 The status message consists of an ACK/CACK field and a sequence number field.

The sequence number field (N) consists of a sequence number.

The ACK/CACK field (A/C) indicates if the status message is an acknowledgement (ACK) or a cumulative acknowledgement (CACK).

When the A/C field is set to 0 (ACK), the SN field indicates the sequence number of the data block that is acknowledged.

When the A/C field is set to 1 (CACK), the SN field indicates the sequence number of the highest in-sequence data block that has been received correctly.

Note: It is assumed that the status message is protected by an error detecting code, to achieve a low probability for undetected bit errors.

2.3 Status message transmission

The following rules applies in the receiver for transmission of status messages:

When a data block is received correctly, a status message shall be transmitted. Depending on the rules listed below, the status message shall be either an ACK or a CACK.

An CACK shall be transmitted in the following cases:

1. If a data block is received correctly, but the sequence number is outside the Rx window.

2. If a data block is received correctly,  the sequence number is inside the Rx window, and there are no gaps in the received sequence numbers.

- Example 1: if #1,2,3 are previously received correctly and #4 is received, CACK is transmitted for #4.

- Example 2: if #1,3,4 are previously received correctly, and #2 is received, CACK is transmitted for #4. 

An ACK shall be transmitted in the following cases:

1. If a data block is received correctly, the sequence number is inside the Rx window, and there are gaps in the received sequence numbers.

- Example: If #1,3,4 are previously received and #5 is received, an ACK is transmitted for #5.

2.4 Retransmission scheme 

For each transmitted data block a re-transmission timer is started with the value TRT slots (note that the timer can be implemented as a counter). If no status message has been received after TRT slots, indicating the correct reception of the 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 or corrupted (contains detected bit errors). 

No timers (e.g status prohibit or status reporting timers) are needed in the UE Rx. In the Tx, one retransmission timer/counter is needed for each outstanding data block.

The frequent transmission of status messages minimises the time between a transmission of a data block and the retransmission of the same data block when the transmission attempt was unsuccessful. The memory requirements in the UE receiver is also minimised, since the number of soft samples that need to be stored depends on the maximum number of outstanding data blocks. 

2.5 Polling scheme

No explicit polling scheme is used. Instead, each correctly received data blocks triggers the transmission of a status message, as described in the status message transmission section. 

2.6 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 3 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.

2.7 Error handling

The proposed scheme is robust against errors in the signalling. A number of potential error cases and their handling in the protocol are listed below. 

Lost status message

A lost status message will normally cause a retransmission of the data block that was acknowledged in the status message (This retransmission will be unnecessary). However, if the transmitter has received a status message containing a CACK after the lost status message, the retransmission can in many cases be avoided completely. 

Corrupt status message

It is assumed that an error detecting code is used for the status messages. Thus, if a status message is corrupt and the error is detected by the error correcting code, the status message is discarded. The consequences are the same as for a lost status message.

Undetected bit errors in the status message

A potential error case is when a status message contains undetected bit errors. In this case, an ACK message will be interpreted as an ACK for another sequence number. 

Note: This is a general error case common for most retransmission schemes

This error situation will be detected in the transmitter, when a CACK is received (at the latest when the first data block outside the Rx window is acknowledged by the Rx). The CACK will be conflicting with previously received status information. The conflicting status information can be used to trigger a reset procedure, which may be performed by RRC signalling.

Note that a reset procedure most likely is needed in all protocols to achieve a robust behaviour. E.g. undetected bit errors or other abnormal situations may lead to protocol errors.

3 Protocol properties

3.1 In-sequence delivery

In sequence delivery is automatically provided by the proposed scheme as data blocks are not released from the receiver as long as data blocks with lower sequence numbers are under retransmission by the HARQ entity. Both RLC data PDUs and control PDUs can be delivered in-sequence to the RLC layer.

3.2 Memory requirement

The memory requirement in the receiver is dependent on the receiver window size,  the round trip time of the HARQ layer and the frequency of the status reporting. Soft samples need to be stored for all data blocks that can be transmitted until a status message for the first transmitted data block is received. 

The fast feedback that is achieved when a status message is transmitted after each correctly received data block minimises the buffer memory requirement.

With the same assumptions as for SAW, i.e. that a retransmission can occur N slots after the original transmission, soft samples need to be stored for N data blocks, i.e. the same amount as for SAW.

In addition, correctly received data blocks need to be stored to provide in-sequence delivery. The maximum number of correctly received data blocks that need to be stored equals the window size-1.

3.3 Error detection

An important property of the protocol is that protocol errors (e.g. undetected bit errors) can be detected in the transmitter by identifying inconsistent status messages. If one received status message is inconsistent with previously received status information, an error recovery procedure can be initiated. 

3.4  Relaxed timing requirements

The timing requirements on the proposed scheme is low as a status message does not have to be transmitted a fixed delay after the reception of a data block. A maximum delay is desirable to specify as a UE capability, but the actual delay may be shorter than the max delay which relaxes the timing. The actual processing delay may vary due to e.g. battery status, processing requirements of parallel tasks and the amount of received data, and the proposed scheme can benefit in performance in the cases where the processing time is short (a status message is received faster in the transmitter and the transmission of new data blocks may be done quickly). 

Compare with a synchronous scheme where the status message has to be transmitted at a fixed delay after the reception of the data block. A synchronous scheme has to be dimensioned after the maximum processing delay and can not benefit from cases where the processing time is shorter.

4 Comparison with other schemes

In the table below, the properties of the proposed scheme is compared with synchronous N-channel stop and wait and an asynchronous N-channel stop and wait scheme. 

Parameter
Proposed scheme
SAW (sync/sync)
SAW (async/async)
Comments

In-sequence delivery?
yes
no
no
In SAW, in-sequence delivery has to be provided by using RLC SN which requires changes in RLC. Also, RLC control PDUs can not be delivered in sequence.

Buffer memory
low
low
low
Depends on feedback delay

Performance
high
high
high
No significant difference expected

Scheduling flexibility
high
low
high


Complexity
low
low
low
All considered schemes are relatively simple.

Strict timing requirements needed?
no
yes
no
If an ack is identified from the time of reception, the RTT must be known and constant.

DL signalling overhead
medium
low
medium
5 bit SN for the proposed scheme. log2N for the async SAW. 

UL signalling overhead
medium
low
medium
6 bit status * reporting frequency for the proposed scheme. 

Robustness
high
medium
medium
One example of error case for SAW is when a single data block is transmitted and the NACK is interpreted as an ACK. The data block will then never be retransmitted.

Table 4 Comparison between alternative HARQ protocols for HSDPA.

5 Discussion

An ARQ protocol to be used for HDPA has been proposed in this document. The comparison in section 4 between the proposed scheme and an asynchronous SAW scheme indicates that no clear benefits can be seen with the asynchronous SAW scheme. The proposed scheme has similar overhead as the asynchronous SAW scheme and can provide in-sequence delivery and has better error detecting capability than SAW.

The synchronous SAW remains as an alternative to the proposed scheme. The synchronous SAW scheme has benefits like low signalling overhead. The drawbacks are that the synchronous SAW does not provide in-sequence delivery and that the requirement on  timing are high (since data blocks and status messages have to be transmitted in the correct slot). In case the synchronous SAW scheme is selected, in-sequence delivery has do be achieved by using RLC sequence numbers. This implies that RLC control PDUs can not be delivered in-sequence (as they do not have sequence numbers) which may cause additional error cases. Synchronous SAW is also more sensitive towards errors in the feedback signalling, since an erroneously decoded feedback message can not be detected in the transmitter. 

6 Conclusion and Recommendation

A number of potential requirements and comparison criteria for HARQ retransmission schemes has been identified in [1]. The presented HARQ protocol has been designed to fulfil these criteria. The scheme have a number of promising properties and it is recommended that the scheme is included in the HSDPA technical report as a candidate for the HARQ protocol for HSDPA.  

It is recommended that the different proposed HARQ protocols for HSDPA are studied by involved companies in order to take a decision in the near future. 
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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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