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1. Introduction 

The basic assumption for the HARQ scheme for HSDPA has originally been an N-channel SAW scheme with either synchronous or asynchronous downlink operation. One of the problems of N-channel SAW schemes is that as such they cannot guarantee the in-sequence delivery of RLC PDUs to higher layers. There are several ways to solve this:

· Addition of MAC TSN to each transport block set and sending it inband, i.e., on HS-DSCH was proposed in [2]. The disadvantage of this proposal is that it slightly reduces the data throughput. However, since MAC TSN is not used in the HARQ process, the simple operation of N-channel HARQ with single bit acknowledgements is kept.

· Addition of MAC TSN to each transport block set and sending it outband, i.e., on shared control channel was proposed in [3]. The scheme in [3] is based on asynchronous down and uplink and uses MAC TSN both in the down and uplink. The advantage of this scheme is that the data channel throughput is not reduced by SN overhead. The disadvantage is that the use of MAC TSN in the uplink acknowledgements requires more power.

· A third option of not sending the MAC TSN explicitly in the downlink was proposed in [4] for synchronous N-channel SAW and in [5] for asynchronous N-channel SAW. These proposals have the clear advantage of less overhead but may be less robust to, e.g., totally lost TTIs (associated DPCH and shared control channel not correctly detected).

In TSG-RAN WG2 meeting #22 the hybrid ARQ protocol was decided to be based on asynchronous downlink and synchronous uplink [1]. This paper describes such an async/sync HARQ protocol trying to take best features of the two above mentioned schemes..

2. Protocol description

The proposed protocol is very similar to [3] in the downlink: MAC TSN is used for soft combining and in-sequence delivery. The uplink is however based on single bit acknowledgement with a three level detection scheme (see below).

2.1 MAC-hs transmission data block numbering

In the downlink, each transport block set is associated with a 5 bit MAC-hs Transmission Sequence Number (MAC TSN) to enable the in-sequence delivery of RLC-PDUs. A transport block set consists of one or several transport blocks transmitted within one TTI. The size of the transport block set, i.e., the number of transport blocks, varies from TTI to TTI depending on the selected MCS and the number of code channels. Therefore, MAC TSN is sometimes given to a transport block, usually to several transport blocks.

The MAC-TSN is proposed to be transmitted outband on the shared control channel. Thus soft (Chase) combining of transmissions can also be based on this number.

An asynchronous N-channel SAW requires the HARQ process number (3 bits for N=6) as well as a FHARQ block number (at least 1 bit, preferably 2 bits to recover from errors in the feedback). Therefore, in the downlink the proposed scheme and asynchronous N-channel SAW require the same overhead.

2.2 Tx and Rx windows

The Tx and Rx windows for resequencing are defined as in [3], tx- and rx-timers are added to support operation with maximum number of transmissions. The range of MAC TSN data blocks that the transmitter is allowed to transmit or retransmit at a given time is given by the transmitter (Tx) window. Similarly, the range of data blocks that are accepted by the receiver is given by the receiver (Rx) window. The Tx window is updated upon reception of ACK/OoW from the UE and based on the tx-timer. The Rx window is updated upon reception of in-sequence data blocks as well as based on the rx-timer.

With 5 bits there are 32 MAC TSN and Tx/Rx window size of 16 can be supported. This should provide sufficiently low stall probability.

2.3 Acknowledgements

The uplink is assumed to be synchronous, i.e., each received transport block set is acknowledged after a fixed delay. The acknowledgement message is assumed to consist of a single bit ACK/OoW (out of window) field. NAKs are not transmitted. OoW message is added to recover more easily from situations where Tx and Rx windows are temporally out of sync.

When ACK/OoW field is set to 0 (ACK), the transmission data block received K TTIs earlier was correctly decoded.

When ACK/OoW field is set to 1 (OoW), the transmission data block received K TTIs earlier was out of Rx window.An ACK is transmitted when a transport block set with a MAC TSN within the Rx window can be decoded correctly.

An OoW (out of window) is transmitted when the MAC TSN of the received transport block set is outside of the Rx window. In the Node B, when OoW is a response to a retransmission of the first block in the Tx window (with ‘lowest’ MAC TSN), it is interpreted as ACK, otherwise as NAK. When OoW is a response to a first transmission of a block, it is interpreted as NAK (the retransmission of the block and first transmissions of new blocks may be delayed).

The acknowledgement will be transmitted in the uplink using BPSK modulation mapping 0 to +1 and 1 to –1. In the Node B side, a three level decisions will be made based on the received sample x, see Fig. 1:

If x>T, then ACK is decoded.

If x<-T, then OoW is decoded

If –T<x<T, then NAK is decoded.
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Figure 1 Three level decision regions of acknowledgement

2.4 Retransmission scheme

For each transmitted data block an ACK is expected after K TTIs. If no ACK message is received in the Kth TTI, the data block is retransmitted.

Max number of transmissions
In addition to maximum number of transmissions for a data block also a maximum delay for a data block should be defined and implement it using the timers both at transmitter and receiver. The timer in the transmitter side would stop retransmissions and the timer in the receiver side would deliver packets to higher layer even if the previous block is not yet received correctly.

For each transmitted data block a tx-timer is started with a value of Td. If the data block has not been positively acknowledged when the timer expires, the data block will be discarded. Td should be selected according to max number of transmissions allowed.

For each received data block an rx-timer is started with the same value of Td. If data block has not been received correctly when the timer expires, an error indication is given to higher layers. Also, an error indication is given when rx-timer for a correctly received data block with a higher MAC TSN expires. 

2.5 Support of several HS-DSCH transport channels for a UE

If there are more than one HS-DSCH transport channel for a UE, each transport channel will have a separate HARQ process with own MAC TSN numbering, Rx/Tx windows, buffers etc. Within one TTI only one HS-DSCH transport channel is allowed and the transport channel is signalled to the UE using, e.g.,TFCI type signalling transmitted on shared control channel (cf., Rel’99 TFCI).

2.6 Error handling

ACK decoded as NAK

Will cause unnecessary retransmission which will be noticed in the receiver from MAC TSN. Reduces slightly the throughput. Retransmission MAC TSN may be outsize of the Rx window and will then cause a transmission of OoW.

NAK decoded as ACK

This implies that a data block not yet correctly received will be removed from the retransmission buffer of MAC-hs and instead of the retransmission, transmission of a new data block is started. The retransmission of the old data block is left for RLC level ARQ. The MAC TSN of the new data block may be outside of the Rx window and will then cause a transmission of OoW. When the rx- timer for that block expires, the Rx window is moved.

OoW decoded as NAK

Will typically cause unnecessary retransmission of a data block if the MAC TSN is still outside of the Rx window.

NAK decoded as OoW

Will cause error only if the block transmitted was a retransmission of the first MAC TSN in the Tx window. Otherwise will only delay some transmissions.

Received MAC TSN outside of Rx window

If the received MAC TSN is outside of the Rx window, UE responds with an out of window message.

Lost outband signalling

The data block cannot be decoded and no ACK/OoW message is transmitted (which is correctly interpreted as NAK!).

3. Protocol properties

3.1 In-sequence delivery

In sequence delivery is automatically provided both for RLC data and control PDUs.

3.2 Memory requirements

Soft combining memory storing soft values for Chase combining should be capable of storing N(=6) transport block sets if all N subchannels are supported.

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 Rx window size minus one.

3.3 Robustness

Synchronous uplink with single bit is more robust than asynchronous uplink with more bits. 

3.4 Protocol overhead

Synchronous uplink requires less overhead in the uplink compared with the asynchronous uplink. In the downlink, the proposed scheme has the same overhead as the scheme in [3] and does not require the overhead on the HS-DSCH.

4. Conclusions and recommendation

A HARQ protocol with asynchronous downlink and synchronous uplink has been presented. The presented HARQ protocol fulfils the requirements set. It is recommended to be included in the technical report.
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