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1 Introduction

In NR, RAN2 agreed to have SO-based segmentation, which allocates the same SN to each segment belonging to the same RLC SDU. This feature is one of the reason that LTE procedure cannot be captured as it is for RLC specification. In this contribution, we describe the trigger of t-reordering timer, which was drafted in [1] and point out its ambiguity resulted from SO-based segmentation. We finally propose to clarify and modify it in the future version of [1].
2 Discussion
The reordering function needs to be implemented in the receiver side in order to make the packets received out-of-order to be in-order. In LTE, it is performed at both RLC level and PDCP level according to specific purpose. PDCP secures in-sequence delivery to higher layers, which is inevitable due to the different radio and backhaul characteristics if multiple transmission paths are configured such as CA, DC, and LWA. In RLC, the reordering function is also maintained since the delivered PDUs from MAC may be out of sequence due to independent multiple HARQ processes. 

In the last meetings, RAN2 agreed that complete PDCP PDUs can be delivered out-of-order from RLC to PDCP and PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed. Based on this, RAN2 also agreed that RLC AM supports t-reordering like functionality for the purpose of determining the content of the RLC status report. As for segmentation method, RAN2 agreed to take SO-based segmentation, which allocates the same SN to each segment belonging to the same RLC SDU and its corresponding SO field, accordingly. 
In LTE RLC AM, t-reordering related procedure can be summarized as follows:

· t-reordering starts when missing PDU is detected, i.e. VR(R) < VR(H) and VR(X) is set to VR(H).

· t-reordering stops when all the missing PDUs up to VR(X)-1 are received, i.e. VR(X) = VR(R).
· Upon t-reordering expiry, VR(MS) is updated to the next missing PDU, i.e. the first PDU with SN >= VR(X) for which not all byte segments have been received, and STATUS PDU is triggered.

As described above, LTE RLC AM operates based on RLC SN. We need to note that FI based segmentation is applied to LTE RLC AM except re-segmentation case, which allocates different RLC SN to each segment even belonging to the same RLC SDU.
For the sake of easy explanation, let us first give an example where the first segment of a RLC SDU with RLC SN n is received as follows:
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Figure 1. Example where 1st segment with RLC SN n is received in LTE RLC AM.
In LTE, VR(R) and VR(H) are updated to n+1 when the first segment of a RLC SDU with RLC SN n is received since the subsequent segments will have different SNs due to FI-based segmentation. Therefore, this case will not trigger t-reordering, which is reasonable because the subsequent segments may not be transmitted yet. 

In NR RLC AM, similar t-reordering related procedure was drafted in [1] but the window variables are renamed, e.g. RX_Next = VR(R), RX_Next_Hgst_Rcvd = VR(H), RX_Next_Status_Trigger = VR(X), RX_Highest_Status = VR(MS) and only segments are buffered to support out-of-order delivery in RLC layer. Let us give the same example as the previous one to see what happen in NR RLC AM.
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Figure 2. Example where 1st segment with RLC SN n is received in NR RLC AM.
In this example, NR RLC AM will update RX_Next and RX_Next_Hgst_Rcvd to n and n+1 respectively when the first segment of a RLC SDU with RLC SN n is received, i.e. RX_Next is not updated to n+1 since the RLC SDU with n is not completely received. This makes t-reordering triggered satisfying the condition RX_Next_Hgst_Rcvd > RX_Next even though the subsequent segments with RLC SN n have not been transmitted yet, which originally resulted from SO-based segmentation allocating the same SN to each segment of a RLC SDU. 

Logically, it doesn’t make sense to trigger t-reordering in this example. Note that this example is not a corner case, which would happen frequently.  We can express this case as RX_Next_Hgst_Rcvd = RX_Next+1. There would be no problem for the current procedure [1] when RX_Next_Hgst_Rcvd > RX_Next+1. Therefore, the case  that RX_Next_Hgst_Rcvd = RX_Next+1 should be taken into account accordingly. 
One possible approach to solve this problem is to introduce a new state variable keeping track of the segment offset of RX_Next, which may require non-trivial change of the current draft [1]. The simpler solution would be to amend the triggering condition for t-reordering such that it starts only when missing part(or segment) of a RLC SDU is detected. This behaviour can be implemented to the running TS [1] as in Annex A.

Proposal 1. t-reordering starts when RX_Next_Hgst_Rcvd is larger than RX_Next and missing part of a RLC SDU corresponding to RX_Next is detected.
One can argue that t-reordering will not start forever if the first segment of the last RLC SDU to be transmitted is received and the remaining segment are missing. However, we need to note that the poll bit would be included to the last segment of that RLC SDU because the buffer becomes empty if the last segment is transmitted and thus the last segment with poll bit would be retransmitted when the t-PollRetransmit timer is expired, which would not cause any problem. 

3 Conclusion

In this contribution, we provide our view on t-reordering  in NR RLC AM and ask RAN2 to discuss the following proposal:
Proposal 1. t-reordering starts when RX_Next_Hgst_Rcvd is larger than RX_Next and missing part of a RLC SDU corresponding to RX_Next is detected.

Annex A: Text proposal
Changes are tracked against  38.322 v0.12.0
The exemplary implementation is as follows:
5.1.3.2.3
Actions when an AMD PDU is placed in the reception buffer

When an AMD PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:

-
if x >= RX_Next_Highest_Rcvd 
-
update RX_Next_Highest_Rcvd to x+ 1;

-
if all bytes of the RLC SDU with SN = x are received:

-
reassemble the RLC SDU from AMD PDU(s) with SN = x, remove RLC headers when doing so and deliver the reassembled RLC SDU to upper layer;

-
if x = RX_Highest_Status,

-
update RX_Highest_Status to the SN of the first RLC SDU with SN > current RX_Highest_Status for which not all bytes have been received;

-
if x = RX_Next:

-
update RX_Next to the SN of the first RLC SDU with SN > current RX_Next for which not all bytes have been received; 
-
if t-Reordering is running:

-
if RX_Next_Status_Trigger = RX_Next; or

-
if RX_Next_Status_Trigger falls outside of the receiving window and RX_Next_Status_Trigger is not equal to RX_Next + AM_Window_Size:

-
stop and reset t-Reordering;
-
if t-Reordering is not running (includes the case t-Reordering is stopped due to actions above):

-
if RX_Next_Highest_Rcvd = RX_Next+1 and if at least one missing RLC SDU segment except the last RLC SDU segment exists for RX_Next:
-
start t-Reordering;

-
set RX_Next_Status_Trigger to RX_Next_Highest_Rcvd.

-
if RX_Next_Highest_Rcvd > RX_Next+1:
-
start t-Reordering;

-
set RX_Next_Status_Trigger to RX_Next_Highest_Rcvd.

Annex B: Document references
[1]: R2-1707508, Draft TS for 3GPP TS 38.322 specification, MediaTek Inc. (Rapporteur)
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