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1 Introduction

A timer based mechanism has been accepted as an aid to the UE in determining if a gap in the re-sequencing buffer has expired its waiting time and thus deemed lost. This allows other already in-sequence data blocks in the re-sequencing buffer to be passed up to the higher layer, i.e., the gap is flushed. As studied in [1], the gaps resulted in increased residual error rate presented to the RLC. The use of timer to flush out the gap in the re-sequencing buffer is needed in most situations where the UE re-sequencing window is large and its load low. In addition, to consider the worst-case scenario where a data block has to be retransmitted up to the maximum number of retransmission attempts allowed, the timer duration has to be long enough to include such cases. 

However, the long duration setting of this timer has the following consequences:

1. NACK to ACK error causes a data block transmission to be prematurely aborted. This results in a gap in the re-sequencing buffer and the timer to flush this gap should be fairly small. A long timer causes the gap to hold up the passing of already in-sequence data blocks to the upper layer.

2. A data block aborted due to pre-emption by another data block with higher priority class. Depending on the UE traffic composition, this scenario can be very likely, causing a data block transmission to be aborted and re-initiated after some amount of time using a new TSN and a gap will exist in the sequence of data packets at the UE. With a long timer, a lengthy stall occurs. Furthermore, since data blocks transmission may be pre-empted indefinitely, there are insufficient new incoming data blocks to flush out the existing gaps in the TSN space in the re-sequencing buffer. 

2 In-band Acknowledge Sequence Number (ASN)

It can be expected that both cases listed in the previous section are very likely to occur and hence to prevent degradation on the system throughput due to stalling of data blocks, an alternative stall avoidance mechanism is proposed and discussed in this section. In [1], UE monitoring of all the HARQ processes for data blocks of equal priority class with higher TSN is used to determine if a transmission is lost. The requirement of a new transmission in all the HARQ processes indicates that a fair number of data blocks needs to be received before it can conclusively established that the transmission of a given missing data block has been aborted. 

In [2], an in-band MRW bit is proposed to indicate whether the TSN included in the current transmission corresponds to the bottom of the transmission window. It appears that the MRW bit can only be used on a data block if this data block is the last transmission of the transmission window and there are no active transmissions in any of the HARQ processes. As a result, the use of MRW is highly dependent on the data block transmissions scenario at the Node B which effects the applicability of the MRW bit at the transmission window.  

As an alternative, in-band signalling of the TSN of successfully transmitted data block, Acknowledge Sequence Number (ASN) is proposed here to prevent stalling of the re-sequencing function attributed to the scenarios as described in Section 1. It is a mechanism that is implemented to supplement the use of the timer-based mechanism. In this mechanism, an ASN is sent in addition to the TSN and the priority class identifier using in-band signalling as payload in the current data block to signal the data block that has been successfully acknowledged by the UE to the transmitter. ASN can thus be useful in the following stalling situations:

1. NACK to ACK misinterpretation: After an ACK for a previous transmission is received at the NodeB and when a new data block n transmission is sent (an additional data block transmission is required after the receipt of this ACK) with a new TSN, the ASN is also appended. This ASN acknowledges the TSN of the previous transmission, for which an ACK is, received by the Node B. Upon receipt by the UE, the ASN would tell the UE the previous TSN that the transmitter has deemed successfully completed. In an NACK to ACK error scenario, the ASN can be used by the UE to determine if a gap is the result of an aborted transmission and hence the UE proceeds to stop the timer for this expected TSN and effectively flushes the gap delivering the next sequence of TSNs to the higher layer. 

2. Pre-emption due to higher priority data block: The pre-empted data block will leave a gap in the re-sequencing buffer of the intended UE as well as terminating data blocks flow into the UE re-sequencing buffer that is needed to advance the window to avoid stalling. The ASN in the new transmission of the same lower priority will indicate that the specific TSN that has been pre-empted. The treatment of the received ASN would be the same as in the previous case of NACK misinterpretation. The setting of the ASN is possible since the scheduler at the NodeB knows that a lower priority data block has been pre-empted and thus can send the ASN when the transmission for the lower priority data blocks resume.

This proposal has the following attributes:

1. Quick determination of an aborted transmission by the UE. The TSN of the aborted transmission or ASN can be sent in the next new transmission after an ACK has been received, correctly or incorrectly as in case 1 or in the next new transmission of the same priority class as in case 2.  

2. The ASN can be sent in any of the HARQ processes. This flexibility is required since a UE may be scheduled in different HARQ processes at different time. Hence, the in-band ASN can be used immediately at the next new transmission in any of the N HARQ processes.

3. No constant monitoring of all the HARQ processes by the UE to determine if a previous transmission is lost is required. The UE obtains the needed information from the next successful data transmission that is received at the UE, through in-band signalling.

4. In addition to low load scenario where the ASN is most needed, it is also useful even in moderate to heavy loaded conditions where the probability of advancing the re-sequencing window is more likely due to the incoming data blocks. With information provided with the ASN, the gap or gaps can be flushed and the window advanced even before the additional new data blocks arrive which will also advance the window. This would improve the speed of which data blocks are sent to the higher layers and improving the overall system throughput. 

3 Typical scenarios for ASN

In this section, four examples on the use of ASN are illustrated. {a, b, c, d} are the HARQ process identifiers and 4 parallel processes have been assumed in all of the following examples. A indicates that the transmission has been decoded correctly by the UE and an ACK is sent back to the Node B. Vice versa, N represents an negative acknowledgment. Both A and N are arbitrarily assigned for the sake of explanation. In addition, a 3-bit TSN is used with a TSN space of 8 = {0,1,...,6,7} and the UE re-sequencing window is of size 4. A NACK to ACK misinterpretation at the Node B has been used in these examples to illustrate aborted data blocks although it would equally applies to aborted data blocks due to pre-emption by higher priority data blocks.  


Figure 1

Figure 1 shows the case when all four processes are assigned to one UE. In process a, a data block with TSN 3 is sent and the decoding failed, prompting a NACK to be sent to the Node B. However, this NACK is misinterpreted, as an ACK at the Node B. Subsequent new transmission with TSN 7 and ASN 3 would help the UE in deciding that TSN 3 is lost and thus would flush the gap left by TSN 3. 


Figure 2

The UE is only scheduled at two of the processes is shown in Figure 2. Processes a and b were scheduled to send data blocks with TSN 3 and 4, respectively. In the subsequent round, the UE is instead being scheduled in HARQ processes c and d. In each transmission, the ASN is set to 3 in process c, acknowledging the most recent successful transmission received at the Node B, followed by ASN of 4 in process d.

A slightly different scenario when the UE is using less than all the HARQ processes is shown in Figure 3. TSN 3 and 4 could not be acknowledged at TSN 5 and 6, respectively because the ACK or NACK of both TSN 3 and 4 haven’t been received at the Node B.  The Node B thus records both TSN 3 and 4, and acknowledges these two transmissions in subsequent new transmissions 7 and 0 on a and c, respectively.



Figure 3

Figure 4 shows another situation where the UE has aborted transmissions on processes a (0/4, N:A) and d (3/7, N:A), but in the following round, new or retransmissions occur in the other processes. The aborted transmissions in this particular case will thus need to be acknowledged when new data transmissions occur in the same or different processes.  




Figure 4

4 ASN Assignment Guidelines 

The following summarises guidelines proposed for the setting of ASN: 

· The ASN for the first data block transmission before any transmission ACK is received at the Node B is set equal to the TSN of the current data block

· The ASN is assigned the TSN of the successfully ACKed transmission and the assignment is on a first in first out basis. Thus, at any time the scheduler stores up to N TSN numbers of successfully ACKed data blocks transmission, where N is the total number of HARQ processes

· The ASN is assigned only for the New data block, with no modification to the ASN (or TSN) for any Continue data blocks

At the UE, the following interpretation of the received ASN is proposed:

· The ASN ( TSN: the ASN acknowledges data blocks with SN that is smaller or equal to the current data block TSN.

· If ASN = TSN, no action is required. If ASN < TSN, the ASN in the re-sequencing buffer is assumed successfully received at the UE. 

· If a data block with ASN is already in the re-sequencing buffer, no action needed.

· If the ASN corresponds to a gap in the re-sequencing buffer and the gap is stalling the passing of in sequence data blocks to upper layers, the timer for the gap is stopped and the gap flushed.  

5 Conclusions

Timer based mechanism to avoid stalling scenario in the re-sequencing buffer at the UE is by itself, inadequate especially in cases of low load where there is in-sufficient new data to advance the receiver window to flush the gaps in the TSN space. Hence, additional mechanisms to complement the timer operation are needed and this contribution proposed an in-band solution that avoids external signalling overhead and benefits from gains provided from the Turbo coding gain as well as the HARQ gains.

The proposed ASN is simple in implementation and can be easily set and allows for quick detection of a stall situation. In addition to significantly reducing stall situations, the ASN also helps to improve the latency in non-stall situations, such as in continuous data blocks transmission by speeding up the sending of in-sequence data blocks to the higher layers. 

As a conclusion, if stalling is considered to be a significant source of throughput degradation as expected in certain circumstances, we would like to propose the addition of this ASN field into the in-band signalling fields of HS-DSCH.
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