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Introduction

During the last RAN WG2 meeting in Berlin some contributions were presented regarding the issue of in-sequence delivery. After some discussions it was identified that a decision on a specific approach  to achieve in-sequence delivery can not be taken independent of the applied retransmission scheme of the HARQ protocol. So, there was only a decision that MAC-hs has to provide in-sequence delivery to the RLC protocol. Regarding the  retransmission scheme a working assumption was agreed that the scheme should be asynchronous in the downlink.

A method of achieving in-sequence delivery in a synchronous S&W scheme has already been presented in [4]. The present document extends this approach to achieve in-sequence delivery for an asynchronous N-channel S&W retransmission scheme without sending any kind of sequence number (SN) over the air interface. The proposal is based on the HARQ concept presented in [2], but can of course also be applied to asynchronous S&W concepts that make use of sequence numbers over the air interface.

In-sequence delivery mechanism for an async/sync HARQ scheme

In [2] an asynchronous hybrid automatic repeat request (HARQ) mechanism has been presented. In this approach, no sequence numbers are transmitted over the air interface, retransmissions are prioritized and retransmission indicators are used. 

In order to support in-sequence delivery with this approach an architecture as shown in figure 1 is proposed.


[image: image1.wmf]3

4

1

2

Node B

UE

Receive Buffer

Encoder

Decoder

.....

8

1

2

7

3!

6

5

n-1

n

10

4!

9

11

1

2

6

5

4

3

n-1

n

.....

10

9

8

7

11

Transmission Buffer

Assign

internal 

SNs

for received

data blocks

Transmit

data blocks

in-sequence

failed first transmission for blocks 3 and 4

successful

second re-

transmission

of block 4

TX-Buffer

Control

RX-Buffer

Control

successful

first re-

transmission

of block 3

Transmission

status

3

4

1

2

Numbered

Soft Buffer

(Transmitter)

Numbered

Soft Buffer

(Receiver)

Air Interface

Transmission

status

all 

data 

blocks

available for

in-sequence

delivery to

higher layer


Figure1: Transmitting and Receiving side of an async/sync N-channel S&W HARQ scheme

The transmitter (Node B) and the receiver (UE) use a hard buffer for each HS-DSCH transport channel which is configured for a UE. The sender maintains internal sequence numbers for all data blocks received internally from higher layers. The TX-Buffer Control sends data blocks in-sequence to the encoder. After having delivered a data block to the encoder,  the TX-Buffer Control removes the data block from the transmission hard buffer. For retransmission purposes the encoded data blocks are stored in the numbered soft buffer of the transmitter. The HARQ protocol informs the TX-Buffer Control about the transmission status (successful, failed or finally failed) of the data blocks in order to trigger the TX-Buffer Control to send a new data block from the transmission buffer to the encoder. In this scheme internal SNs are not encoded together with the data because transmission of the SNs over the air is not needed . 

When receiving the initial transmission of a data block, the RX-Buffer Control in the receiver assigns an internal SN (last used SN incremented by 1) for this block. A successfully decoded data block is transferred to the receiver hard buffer including the internal SN for reordering. If the first transmission was not successful this specific SN is reserved and will be assigned to the data block when a corresponding retransmission has been successfully received. For this purpose the RX-Buffer Control has an association between the SN of a data block and the place in the soft buffer used for transmission/retransmission of this data block. If the maximum number of retransmissions has been reached for a data block and the block is still erroneous an indication is given that the data associated with the specific SN is finally missing. Data blocks with SNs in ascending order in the reordering hard buffer are given in-sequence to higher layers and the data is removed from the receive buffer. For the purpose of error handling the conveyance of in-sequence data blocks to higher layers might be delayed for an appropriate time.

In figure 1 is shown that the transmitter sends data blocks in sequence over the air. It is assumed that the initial transmission of data block 3 and 4 failed. Thus, the decoder of the receiver was not able to decode these data blocks correctly and as result no data block is stored in the receiver hard buffer. The receiver only reserves the corresponding SN (last SN plus one) since data block 3 and 4 are initial transmissions and stores the soft sample of the data blocks in his numbered soft buffer. Before the retransmissions of the erroneous data blocks 3 and 4 will be received,  other correctly received data blocks are stored in the receiver hard buffer (e.g data blocks 5 and 6 in figure 1). If a retransmission can be decoded correctly it will be stored together with the reserved SN in the receiver hard buffer (data block 3). Otherwise, a new retransmission will be sent (data block 4). Thus, the data blocks can be delivered to higher layers in sequence by means of the internal SNs which are stored together with the data blocks in the receiver hard buffer.

In-sequence delivery for flows of different service types

In [3] an approach for handling of different service types, represented by different transport channels is explained. In order to support in-sequence delivery while transmitting different transport channels an example is shown in figure 2.
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Figure2: An asnc/sync HARQ scheme with two flows of different service types

The example in figure 2 is based on the general architecture as shown in figure 1. Two separate hard buffers are used at the transmitter and at the receiver for the two HS-DSCH transport channels which are configured for a UE. This means in-sequence delivery has to be performed transport channel specific. By this way, different parameters like maximum number of retransmissions can be considered for each transport channel.

The scheduler determines for each TTI which of the configured transport channels has higher priority to send data. Depending on the transport channel which is allowed to send data in the next TTI the scheduler sets the corresponding transport channel ID for each data block which has to be transmitted in the next TTI. The scheduler enables the corresponding TX buffer control unit to deliver the next in-sequence data block of the transport channel’s transmitter buffer to the encoder. The encoder transmits the data block in the same way as explained for figure 1. The transport channel ID is transmitted over the air interface. The decoder on the receiver side determines the transport channel ID of each received data block. The RX buffer control unit stores a successfully received data block in the reordering hard buffer of this transport channel. Thus, data blocks of different HS-DSCHs could be delivered to higher layer in sequence in the same way as already described in figure 1. 

Thereby the presented scheme uses only one encoder, one soft buffer set and one decoder supporting  all configured HS-DSCHs.

Buffer Considerations

The buffer size needed for the receiver reordering hard buffer regarding a single transport channel is dependent on the number of soft buffers (N) and the maximum number of retransmissions (Rmax) which are allowed. The worst case is that one soft buffer has to receive the maximum number of retransmissions for a data block while the remaining soft buffers always receive correct data blocks which are stored in the receiver hard buffer for reordering. In this case a reordering hard buffer of the size [(N-1)*Rmax]+1 has to be available for one transport channel.

The maximum value of the internal SN (SNmax) of the receiver should be higher than the size of the reordering hard buffer to be able to cope with a wrap around of internal SNs in a proper way. This means the SNmax should be determined by means of the formula:

SNmax > [(N-1)*Rmax]+1

Further, it should be mentioned that the numbering of the receiver side is independent from the numbering of the transmitter side, therefore the internal SNs need not to be synchronised and no explicit signalling is required.

Conclusion

This document shows how the async/sync N-channel S&W retransmission scheme presented in [2] provides in-sequence delivery. Thereby each received data block is identified implicitly by the receiver of the HARQ protocol and so no kind of SN has to be transmitted over the air interface. In-sequence delivery is done by identifying received data blocks by the HARQ mechanism and assigning internal SNs, knowing that the sender transmits in-sequence. This has the advantage that a misinterpretation of a corrupted SN which is transmitted over the air can not occur in the receiver and so the proposed approach for achieving in-sequence delivery has a better reliability than an approach which is based on any kind of transmitted SNs. 

It is proposed to adopt the architecture shown in figure 1 in combination with an async/sync N-channel S&W retransmission scheme based on predefined rules as the working assumption for the HARQ protocol in order to provide in-sequence delivery in an effective and reliable manner.
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