TSG-RAN Working Group 2 #20




R2-010961
Hayama, Japan, 9 - 13 April 2001
Agenda item:
9.2.2

Source: 
Ericsson

Title: 
Alternatives for HARQ operation for HSDPA

Document for:

Discussion

1 Introduction
In the feasibility study for HSDPA [1], an N-channel stop and wait protocol has been identified as one feasible retransmission scheme for HARQ. In this document, different retransmission schemes are presented and their properties are discussed.

2 Interaction between HARQ protocol and RLC 

HSDPA is intended to be connected to an RLC entity using acknowledged mode (AM) or unacknowledged mode (UM). The current RLC protocol layer is not designed to handle out-of sequence reception of RLC PDUs. 

In UM RLC, reception of out-of-sequence PDUs will be interpreted as lost PDUs and will cause a discard of the corresponding higher layer SDU. Further, a reception of an out-of sequence PDU will be interpreted as a wrap around of the RLC sequence numbers in the receiver. Thus, the hyper frame number (HFN) will be increased with one. Consequently, ciphering will fail after a reception of an out-of sequence PDU.

In AM RLC, reception of out-of-sequence RLC PDUs will cause gaps in the sequence numbers in the RLC receiver window. These PDUs will be requested for retransmission by the RLC layer, even if the PDUs are under retransmission by the HARQ layer, and will hence cause unnecessary RLC retransmissions.

In summary, UM RLC can not be used together with a lower layer providing out-of sequence delivery of RLC PDUs. AM RLC can be used, but with reduced performance.

As a consequence, in-sequence delivery should be provided to RLC. This functionality can be achieved either in the HARQ protocol itself or as an additional functionality in RLC.

3 HARQ retransmission schemes

3.1 Synchronous N-channel stop and wait

Synchronous retransmission schemes rely on the timing relation between the transmission of a data block and the reception of a nack/ack indication of the same data block. Hence, no sequence numbers are needed to identify a nack/ack indication.

An advantage of a synchronous scheme is the low signalling overhead that can be achieved as no sequence numbers need to be transferred over the air-interface.

A potential synchronous retransmission scheme is the N-channel stop and wait scheme (N-SAW) shown in Figure 1 below. The N-SAW consists of N parallel stop and wait schemes, and the data stream is split between the N channels. The round trip time of the HARQ layer determines the minimum required value of N. 
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Figure 1 Example of an N-channel stop and wait scheme with N=4.

A data block that is received in one of the N receivers is delivered to the RLC layer. As the N channels operates independently , the data blocks at the receiver side will be delivered in arbitrary order to the RLC layer, depending on the number of retransmissions that occur on each channel. Thus, the RLC PDUs submitted to the HARQ transmitter will be delivered out-of-sequence to the RLC receiver (i.e. in another order than the PDUs where originally submitted). Thus, solutions to provide in-sequence delivery in N-SAW needs to be investigated.

The memory requirement for N-SAW will be dependent on the number of parallel channels, N. Soft samples need to be stored for N data blocks. In addition, correctly received data blocks need to be stored in a buffer in order to provide in-sequence delivery to RLC. The number of data blocks that needs to be stored in this buffer depends on the selected stall probability of the protocol. If a stall probability of zero is desired, the buffer requirement is infinite (consider the example with a persistent failure in one queue, where all received data blocks need to be stored until the failure is resolved).

Note that the in-sequence delivery functionality can optionally be specified as an addition to the RLC layer. However, the buffer requirement is not reduced with this option.

3.2 Asynchronous N-channel stop and wait

The N-SAW scheme can also be designed for asynchronous operation. In this case, the channel is identified explicitly with a sequence number transmitted simultaneously as a data block. log2N bits are required to identify the channels uniquely, i.e. 2 bits for N=4 and 3 bits for N=8. 

The explicit signalling of sequence numbers makes it possible to schedule a data block in any slot, thus making the scheduling more flexible. The signalling of the channel number is in an ideal case sufficient to provide in sequence delivery to the RLC layer. However, a single nack(ack misinterpretation in the transmitter will cause all subsequent data  blocks to be delivered out-of sequence.

Thus, the asynchronous N-SAW scheme can not reliable provide in-sequence delivery to RLC without further extensions. The memory requirement in terms of number of data blocks that need to be stored in the receiver is the same as for the synchronous N-SAW scheme.

3.3 Asynchronous Selective Repeat

Another potential asynchronous retransmission scheme is a variant of a selective repeat (SR) scheme. In the proposed scheme, each transmitted data block is associated with a sequence number SNHARQ. Acknowledgements and negative acknowledgements are transmitted from the receiver is a status message, where the sequence numbers are used to identify the code 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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The receiver transmits status messages at time instances controlled by a status transmission timer. Each status message contains status information about the data blocks within the receiver window, where the status information can be represented by e.g. a bitmap or a list of sequence numbers for the negative acknowledgements.
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In sequence delivery is automatically provided by the SR 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.

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. 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, a number of correctly received data blocks need to be stored in the receiver window to provide in-sequence delivery. The size of the receiver window is dependent on the selected stall probability. With a given stall probability, the size of the receiver window equals the buffer size needed to provide in-sequence delivery in N-SAW.

In summary, the memory requirement for SR and N-SAW are similar.

Protocol parameter
Assumed value
Comments

Maximum sequence number
32 (5 bit)


Tx/Rx window size
16










Table 1 Reasonable protocol parameters for the asynchronous SR scheme

4 Conclusion and Recommendation

Some options for the HARQ retransmission scheme has been identified and briefly described and some of their characteristics highlighted. Further investigations are needed in order to compare the properties of the different schemes with the comparison criteria agreed on the HSDPA adhoc in april [1].
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Figure � SEQ Figure \* ARABIC �2� Example of the SR operation. Transmitted and received data blocks are shaded.
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