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1 Introduction

In TS25.308, a UE reordering entity is described for processing of TSN’s in order to provide in sequence delivery to higher layers. In this contribution, a scenario where an ambiguous data block could be received at the UE re-sequencing buffer is shown. This ambiguity resulted in the UE passing up to higher layers incorrect data blocks but with the correct TSN, eventually leading to retransmission by the RLC.

2 Ambiguous Data Blocks

At the UE re-sequencing buffer, as incoming new data blocks are received the receiver window is advanced. During this process, any remaining gaps in the TSN space at the re-sequencing window will be flushed or the gaps in the re-sequencing buffer are considered lost. As studied in [1], this resulted in increased residual error rate presented to the RLC. However, the data block with the flushed TSN could still undergoing retransmissions. This situation could occur due the combination of the following:

1. Continuous new data blocks received at the re-sequencing buffer after the gap or gaps. As data block with TSN = x is received, the receiver window is advanced and any data blocks with TSN ( x - WS will be removed from the re-sequencing buffer. WS is the re-sequencing buffer size, also known as the window size. A small window size can effectively result in quicker passing of in sequence data blocks to the upper layers as well as higher residual error rate [1].  

2. The timer based stalling mechanism is set to a large duration so that the number of retransmission attempt that is supported is not too small. 

The large timer therefore causes a particular retransmission to be still active although the re-sequencing window has already advanced past the transmission sequence number (TSN) of the data block in transmission. This scenario creates an ambiguous situation at the UE re-sequencing window, where the received TSN belongs to a data block that has been “flushed” by the advancing UE window.

2.1 Transmitter Window 

A transmitter window based method is proposed in [2] where any data block with TSN ( x – WS in the transmitter window should not be retransmitted to avoid sequence number ambiguity in the receiver where x is the TSN of the received data block at the re-sequencing buffer. Depending on the re-sequencing window size and the number of channels N, the use of the transmitter window could potentially abort an ongoing transmission after only a small number of retransmission attempts. Thus, it appears that in cases where the window size is restricted and the UE being scheduled in multiple HARQ processes, a transmitter window based could negatively impact the throughput performance. 

Figure 1 and 2 illustrate the scenario described above using a TSN space of 8:{0,1,.,7} with re-sequencing window size of four or one half the TSN space size. {a, b, c, d, e} are the HARQ process identifiers, with 4 and 5 parallel processes assumed in Figure 1 and 2, respectively. 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 illustration purposes.


Figure 1: TSN 3 is aborted after 3 retransmission attempts

Figure 2: TSN 3 is aborted after 2 retransmission attempts

2.2 Total Attempted Retransmissions Rule

If the is decided that the transmitter window based method could inadvertently restricting the total number of retransmission attempts, this contribution would like to propose an alternative simple rule to resolve the UE receiver ambiguity. Since two data blocks with the same TSN could arrive at the UE window and the transmission history of each of these TSN specifically the total number of retransmission attempts for each of them is known at the UE, a simple rule would be by just comparing the total number of retransmission attempts of each of the data blocks. The data block with the less number of attempts would be accepted and the data block with more would be discarded. This rule would ensure the correct interpretation of data blocks with same TSN due to limitation in window size, timer settings as well as the window advancing operation.

3 Summary and Conclusions

The proposed rule can resolve ambiguous data blocks with same TSN at the UE and it can be used without terminating valid retransmissions prematurely. Thus, the throughput performance is not negatively impacted. Therefore, it is proposed that comparison of total retransmission attempts be used to resolve ambiguous data blocks at the UE re-sequencing buffer. 
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