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Introduction

In [1] hybrid automatic repeat request (HARQ) is considered as an effective technique for HSDPA to adjust the system according to changing channel conditions of the high speed downlink shared channel (HS-DSCH). During the evaluation of different HARQ techniques, which have been proposed so far,  it was identified that in general HARQ could cause out-of-sequence PDUs. Such out-of-sequence PDUs lead to problems in the RLC protocol which are listed below:

· In UM RLC, the reception of an out-of sequence RLC PDU will cause the corresponding higher layer SDU to be discarded.

· In AM RLC, the reception of out-of-sequence RLC PDUs will cause gaps in the received sequence numbers. When a status report is triggered, the out-of sequence PDUs will be requested for retransmission by the RLC receiver, even if these RLC PDUs are not lost, only delayed due to HARQ retransmissions. These unnecessary retransmissions will lead to poor protocol performance.  Furthermore there may occur different problems regarding the control functions of AM RLC if out-of-sequence status PDUs are received (e.g. SDU discard procedure).  

This is the reason why in [2] in-sequence delivery was set as a requirement for HSDPA whereby it has been left open if HARQ should provide in-sequence delivery by it self or if the RLC protocol should be modified to handle out-of-sequence PDUs in a proper way.

This document briefly describes in which way the already proposed HARQ retransmission schemes could be enabled to provide in-sequence delivery to the RLC protocol. Especially a detailed solution how the synchronous N-channel Stop-&-Wait (N-channel S&W) HARQ retransmission scheme [1] could be enabled to perform in-sequence delivery without applying any kind of sequence number (SN). Thereby “synchronous” means, that each of the N channels is only allowed to carry data in a fixed timing related to the remaining channels and the acknowledgement for a transmitted data block receives at the corresponding transmitter always a fixed time after the transmission of the data block. 

General Contemplation

In general if the HARQ protocol is responsible for in-sequence delivery the protocol has to wait with the conveyance of  a out-of-sequence PDU to higher layer until all  PDUs which have been originally transmitted before were received or the maximum number of retransmissions were reached for the corresponding PDUs. This leads to the need of one (or several) re-ordering buffers on the receiving side of the HARQ protocol to store out-of-sequence PDUs either up to the reception of the missed in-sequence PDUs or up to the event that the maximum number of retransmissions was reached for the missed in-sequence PDUs. These conditions are present independent of the applied retransmission scheme, like  selective repeat (SR), go-back-N, asynchronous N-channel S&W or synchronous N-channel S&W.

If the SR or the go-back-N mechanism is used as retransmission scheme normally a SN is applied for the transmitted data packets in order to enable the receiver to determine the sequencing of the received data packets. So in this case a buffer and a timer (simply a counter) is necessary on the receiving side of the HARQ protocol to provide in-sequence delivery to higher layer. Each received out-of-sequence PDU will not be send to higher layer but stored in the re-ordering buffer until the missing PDU has been received. Thereby for each PDU which has to be requested by the receiver for retransmission a timer TmaxRT is started to observe if the maximum number of retransmissions is reached. If the timer TmaxRT expires for a certain PDU the receiving side delivers the PDU with next higher SN to higher layer as much as this PDU was already received correctly and stored in the re-ordering buffer. Normally at least a sliding receiving window is applied additionally (regarding the SN of the received PDUs) in order to keep the necessary re-ordering buffer size finite. This means that the receiver will discard PDUs with a SN which is out of the range of the receiving window. As result the necessary buffer size of the re-ordering buffer is equal (window  size-1)*max PDU size. But by the definition of sufficient window size one has to consider that the window size depends on the required maximum number of retransmissions of a erroneous received PDU and the round trip time of the HARQ protocol.

The asynchronous N channel S&W retransmission scheme seems also to be able to provide in-sequence delivery since the re-ordering could be performed by means of an SN which is applied to the N channels to identify the channels uniquely. But how in-sequence delivery could be performed in a reliable way has to be investigated .

In general the utilization of a SN to perform in-sequence delivery has the disadvantage of increasing the overhead of the HARQ protocol, especially if one have in mind that each bit of the SN has to be encoded with approximately 4-6 bits to protect the SN against transmission errors. Furthermore the introduction of a additional SN in the HARQ protocol is unfortunate since there is already a SN present in RLC header of the transmitted PDU.

In the following a solution is described how the synchronous N-Channel S&W retransmission scheme which was introduced to keep the signalling overhead of the HARQ protocol as small as possible could be enabled to perform in-sequence delivery.

In-sequence delivery of synchronous N-Channel S&W HARQ

In case of synchronous N-channel S&W mechanism is used as retransmission scheme for HARQ no SN is applied to the transmitted data packets. So the receiver can not determine the order of the received PDUs in a easy manner. The receiver has only the possibility to determine the order by means of the N channels of the SAW mechanism. 

Figure 1 shows how the receiving side of the HARQ protocol will be enabled to perform in-sequence delivery to the higher layer if e.g. a 4 channel SAW mechanism is utilized.
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Figure1: N-channel SAW mechanism for in-sequence delivery

(Note: Figure 1 does not contain the control channels associated to each sub channel to keep the figure clear since they are not important for the functionality of in-sequence delivery)

In general the multiplexer on the receiving side of the N-channel SAW mechanism requests  for each TTI a PDU from the corresponding receiver to deliver it to the higher layer. If no retransmission is necessary on any of the N-channels the multiplexer delivers each received data block immediately to the higher layer and so the data blocks will be delivered in-sequence due to the fact that the transmission over the N channels is performed consecutively. 

If one or several retransmissions are necessary on one or several sub channels the multiplexer waits at the corresponding receiver until the PDU has been transmitted successfully or the maximum number of retransmissions has been reached for the corresponding PDU. During the meantime the remaining receivers have to store their successfully received data blocks in a fifo (first in first out) buffer. Furthermore, each remaining receiver signals to the multiplexer for the corresponding TTI, in which the receiver was able to receive a data block, whether the received data block could be decoded errorless or not. This information is stored by the multiplexer in an additional bitmap buffer. After the reception of the missed data block  by the corresponding receiver or if the corresponding receiver signals to the multiplexer that the maximum number of retransmissions was reached, the multiplexer takes all in the meantime received data blocks from the remaining receivers and delivers them in the right order to  the higher layer. In order to guarantee that the delivered PDUs are in sequence the multiplexer takes the data blocks from the fifio buffers for each cycle in sequence. Thereby the  multiplexer has to evaluate the information in his bitmap buffer to determine from which fifo buffer he has to take a data block in the corresponding cycle. In this example a cycle consists of four HSDPA transmission time intervals.

Buffer size estimation

The estimation of the needed buffer size for the storage of soft samples, which are used to perform combining in the physical Layer, is out of the scope of this document. Furthermore the fifo buffers and the bitmap buffer in figure 1 are not considered as separate physical buffers. They are merely considered as logical entities which located in a common physical memory space. This memory space is assumed to be located in the MAC-hs entity. 

The necessary buffer size for the storage of hard samples depends on the number of sub channels (N), the maximum number of retransmissions per erroneous received data block (Rmax) and the maximum number of bits per data block (data_block_sizemax). So a rough estimation of the buffer size is presented through :




buffer_size = Rmax*(N-1)*data_block_sizemax 
[in bits]

In case retransmissions are necessary on one or several of the N channels the bitmap buffer in figure 1 has to store a one bit information for each of the remaining (N-1) channels for each cycle. This information signals the multiplexer if the fifo buffer of the corresponding receiver had to store a correct received data block for the corresponding cycle. So this buffer could be estimated as follows: 




bitmap_size =Rmax*(N-1) 



[in bits]

Conclusion  

Within the introduction of this document the problem caused by the HARQ protocol through out-of-order PDUs regarding the RLC functionality are summarized. Regarding the different kinds of problems caused by these out-of-sequence PDUs in the RLC and the changes required to solve these it is proposed that in general the HARQ protocol should be responsible for in-sequence delivery. So no changes in the current specified RLC protocol are necessary.

Furthermore the document shows that in general each of the so far proposed retransmission schemes may be able to perform in-sequence delivery to the RLC protocol. Especially a solution how the synchronous N channel S&W retransmission scheme could be enabled to perform in-sequence delivery to higher layer was presented for discussion. It is proposed to capture this solution in [2]. 
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