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1 Introduction

In [1] it was proposed to modify the RLC UM receiver which, according to [2], stops T_reordering upon arrival of a PDU if VR(UX) equals VR(UH). 
In this paper we discuss if the proposed modification is required, i.e., if the timer is ever stopped unintentionally and which consequences it would have. 
2 Discussion
In this section we show an example where T_reordering is stopped (and re-started) unintentionally as a result of the current specification [2]. 
Figure 1 shows the initial protocol state where all PDUs with sequence numbers up to and including SN=1 have been received successfully so that VR(UR) = VR(UH) = 2.
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Figure 1: Initial protocol state: All PDUs up to and including SN=1 have been received

In a following TTI (Figure 2) the PDU with SN=4 is received while SN=2 and SN=3 are still missing due to HARQ reordering or due to a HARQ failure. At this point in time T_reordering is started and it is supposed to run until SN=2 and SN=3 have been received or until T_reordering expires.
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- if T_reordering is running: (FALSE)

- if VR(UX) <= VR(UR); or

- if VR(UX) falls outside of the reordering window:

- stop and reset T_reordering;

- set VR(UX) to NULL;

- if T_reordering is not running: (TRUE)

- if VR(UH) > VR(UR): (TRUE)

- start T_reordering;

- set VR(UX) to VR(UH)


Figure 2: Arrival of SN=4, i.e., SN=2 and SN=3 are missing. T_reordering is started and VR(UX)=VR(UH)=5

Upon arrival of the PDU with SN=2 (Figure 3) the lower window edge can be advanced but SN=3 is still outstanding, i.e., the previously detected gap has not been resolved. Therefore, T_reordering should not be stopped. However, the current RLC specification [2] checks if VR(UX) falls outside of the reordering window, i.e., if VR(UX) ≥ VR(UH). As this condition is fulfilled T_reordering is stopped and reset and VR(UX) is set to NULL. The next if-condition (VR(UH) > VR(UR)) is met as well so that T_reordering is started with the initial time. 

A HARQ failure resulting in a loss of PDU SN=3 would still be detected by the re-started T_reordering timer. However, the expiry time is increased by TTIc – TTIb ms (which may be several HARQ RTTs). Certain applications such as VoIP may suffer from such delays and would benefit from a lower and more predictable out-of-sequence delivery delay.
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- if T_reordering is running: (TRUE)

- if VR(UX) <= VR(UR); or (FALSE)

- if VR(UX) falls outside of the reordering window: (TRUE)

- stop and reset T_reordering;

- set VR(UX) to NULL;

- if T_reordering is not running: (TRUE)

- if VR(UH) > VR(UR): (TRUE)

- start T_reordering;

- set VR(UX) to VR(UH)

Since VR(UH) = VR(UX)

Is defined as “outside”.


Figure 3: Missing PDU SN=2 received but SN=3 still missing. T_reordering unintentionally stopped since VR(UX)=VR(UH) which is defined as “outside the reordering window”. T_reordering is finally re-started as VR(UH) > VR(UR).
3 Conclusion

We showed in section 2 that T_reordering is often stopped unintentionally if two or more PDUs were missing below VR(UX). T_reordering is restarted immediately so that protocol stalling does not occur but the behavior leads to an unwanted increase of the expiry time and therefore potentially to delayed out-of-sequence delivery to higher layers. 

We therefore propose to agree on the attached CR so that the T_reordering timer is stopped only if VR(UX) ≤ VR(UR) or if VR(UX) > VR(UH). 
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