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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 to upper layer within one priority class

· Scheduling of different priority classes in Node B is supported within one HS-DSCH transport channel

· In-sequence delivery of priority classes is independent of transmission scheduling

· Dynamic sharing of soft buffer capacity between priority classes and HS-DSCH transport channels is not restricted by the protocol

· Possibility to abort/replace a data block without completing a successful transmission

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

· Efficient recovery from undetected protocol errors

2. Key assumptions

· One semi-static transport block size per HS-DSCH

· Only one HS-DSCH and priority class can be sent in one TTI.

· There can be several logical channels belonging to different priority classes multiplexed into an HS-DSCH transport channel.

3. Definitions

Data block: The data transmitted to one UE on HS-DSCH in one TTI.

Priority class: One flow of data within a HS-DSCH transport channel. One HS-DSCH can transport several priority classes (only one priority class per TTI)

HARQ Process: Peer state machines capable of achieving error correction by retransmission. One process can be used only for one data block at a time.

HARQ Entity: Consists of all the HARQ processes of a UE, controlling all the available soft buffer capacity.

4. Signalling

4.1 Uplink

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.

4.2 Downlink

4.2.1 Shared control channel

· HARQ process identifier

Every HARQ process is assigned an identifier, which is used to couple the processes in the transmitter and the receiver.

· New data indicator

Used to distinguish between data blocks. Specific to the HARQ process. Incremented for each new data block.

4.2.2 Inband signalling on HS-DSCH

· Priority class identifier

Used to separate different priority classes in order to differentiate between logical channel priorities multiplexed in the same transport channel.

· Transmission sequence number

Incremented for each new data block within a priority class. Used for reordering to support in-sequence delivery.

5. Network operation

Scheduler (all UE:s within a cell)

1) Services priority class queues

The scheduler receives MAC-hs SDU:s transport blocks  based on information from the Iub frame protocol

2) Determines the HARQ Entity and the queue to be serviced

3) Scheduling of new transmissions and retransmissions

Based on the status reports from HARQ Processes the scheduler determines either new transmission or retransmission. A new transmission can be initiated also on a HARQ process which indicated a NAK.

HARQ Entity (one per UE)

1) Priority class indentifier setting

Sets the priority class identifier based on priority class of the queue being serviced.

2) Transmission sequence number setting

The TSN is incremented for each new data block within the same HS-DSCH and priority class. TSN is initiated at value 0.

3) HARQ process identifier setting

The HARQ process to service the request is determined and the HARQ process identifier is set accordingly.

HARQ process

1) New Data Indicator setting

New data indicator is incremented each time when there is new data for this HARQ process.

2) Processes ACK / NAK from the receiver

The status report is passed to the scheduler.

6. UE operation

HARQ Entity

1) Processes HARQ process identifiers

Allocates received data blocks to different HARQ processes based on the HARQ process identifiers.

HARQ process

1) New Data Indicator processing

If the New Data Indicator has been incremented compared to the value in the previous transmission, if any, the data currently in the soft buffer is replaced with the received data block.

If the New Data Indicator is identical to the value used in the previous transmission, the received data is combined with the data currently in the soft buffer.

2) Error detection result processing

The physical layer decodes the data in the soft buffer and checks for errors

If no error was detected, the decoded data is forwarded to the reordering entity and an ACK is generated.

If an error was detected a NAK is generated.

3) Status report transmission

The status report is scheduled for transmission based on predetermined configuration.

4) Priority class indentifier processing

Received data is arranged to queues based on priority class identifiers.

Reordering entity (for each priority class and transport channel)

1) Reordering of received data based on transmission sequence numbers

A received data block is inserted to its appropriate position in the queue according to the TSN.

2) Forwarding data to higher layer

If the received data block is the next to be delivered to higher layer, all data blocks with consecutive TSN:s up to the first not received data block are delivered to higher layer.

A timer mechanism determines the delivery of non-consecutive data blocks to higher layer. 

7. Error handling

Most frequent error cases:

· NAK is detected as an ACK. The NW starts afresh with new data in the HARQ process. The data block is discarded in the NW and lost. Retransmission is left up to higher layers.

· ACK is detected as a NAK: This is similar to Case 2. If the network retransmits the packet, the UE will re-send an ACK to the network. If in this case the transmitter at the network sends an abort indicator by incrementing the New Packet Indicator, the receiver at the UE will continue to process the frame as in the normal case.

· [A threshold to detect lost status message is up to NW implementation. If detecting is possible, better performance is achieved by defaulting to a NAK.]

· If a CRC error on the shared control channel is detected, UE receives no data and sends no status report. If the absence of the status report is detected, NW can retransmit the block.

8. Proposal

It is proposed that chapters 3-7 of this document are included into TR 25.855.

