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1 Introduction

In RAN2#95bis and RAN2#96 meeting, RAN2 made the following agreements related to RLC functions [1][2]: 
· Proposal 1: Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled.

· Proposal 1a: PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case).
· PDCP supports the re-ordering functionality (T-reordering).

· RLC AM supports T-reordering like functionality for the purpose of determining the content of the RLC status report

· FFS whether RLC UM needs to support T-reordering like functionality for the purposes moving the lower edge of the receive window, or for other purposes. Could be discussed in stage 3.

· RLC reassembles RLC SDU and delivers them to upper layers in the order they are received (no need to mention reordering with respect to this functionality)

· FFS whether in-order delivery for a DRB can be disabled via RRC signalling. This only affects PDCP operation. Could be discussed in stage 3.
This contribution discusses whether NR RLC UM needs to support T-reordering or not. 

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 and FFS whether RLC UM needs to support T-reordering.
In this contribution, we discuss whether NR RLC UM needs to support T-reordering timer or not. In LTE, T-reordering timer works as a part of the RLC reordering function. The purpose of T-reordering timer is somewhat different according to the RLC mode, i.e. RLC AM and UM. Specifically, there are two types of receiving window used in RLC. The first one is the receiving window used in AM RLC entity, wherein the receiving window is advanced when PDU of the lower window edge is received and PDUs received outside the receiving window are discarded, which is called as “Push type window” since the advance of the window is pushed from the lower edge. In this window operation, the main role of T-reordering timer is to determine up to which RLC PDU to be reported in the RLC STATUS PDU. The second type is the receiving window used in UM RLC entity. This type of window is advanced when a PDU outside the window, i.e. above the upper window edge, is received. Therefore, the second type of receiving window can be named as “Pull type window” since the advance of the window is pulled from the upper edge. In this window operation, the main role of T-reordering timer is to just expedite RLC PDU delivery. The details for the window operation of RLC UM can be discussed in the following sub-section.
2.1  Window operation in RLC UM
In this sub-section, the window operation in RLC UM is shortly described to investigate the role of T-reordering timer as follows [3]:
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Figure 1. Window operation in RLC UM
The window operation in RLC UM is based on “Pull type window” as described in Section 2. When a UMD PDU with a SN is received, if a SN falls within the window, the window stays as it was. But if a SN falls outside of the window, then VR(UH) is updated to that SN + 1 and the window is pulled forward. In Fig. 1, VR(UR) means the SN of the first UMD PDU that has not been received, i.e. the highest in-sequence delivered SN + 1. If a SN is lower than VR(UR), the UMD PDU with that SN is not forwarded to upper layer and discarded. In the case of UMD PDU segments, the segments that cannot be reassembled would be discarded by pulling window operation. If there is a missing UMD PDU, i.e. VR(UR) < VR(UH), then T-reordering timer starts and VR(UX) is set to the current VR(UH). If VR(UR) becomes equal to VR(UX) before the expiry of T-reordering timer, i.e. all the missing UMD PDUs are recovered, the T-reordering timer stops. If the T-reordering timer expires, VR(UR) is updated to the SN of the first UMD PDU with SN >= VR(UX) that has not been received and all the UMD PDUs lower than the updated VR(UR) will be forwarded to the upper layer after reassembly. 

Based on the above, we can see that the role of T-reordering timer in RLC UM is to mainly expedite UMD PDU in-sequence delivery. 

Observation 1.  The role of T-reordering timer in LTE RLC UM is to mainly expedite UMD PDU in-sequence delivery. 

Since RAN2 agreed to allow out-of-sequence delivery in NR RLC, the benefit of T-reordering timer in NR RLC UM seems not valid anymore and not required.

Observation 2.  NR RLC UM can work without T-reordering timer.

If In-sequence delivery to the upper layer is removed, the main issue for NR RLC UM is to detect whether two UMD PDUs/UMD PDU segments with the same SN are the same UMD PDU/UMD PDU segment or a different UMD PDU/UMD PDU segment, i.e. in the case of RLC SN wrap-around, the UMD PDUs/UMD PDU segments with the same SN should not be considered duplicate or be re-assembled. In principle, the “‘Pull type window” operation can handle duplicate and re-assembly segments correctly as long as the receiver window operation is correct. Moreover, this window operation can in principle work fine without T-reordering timer. This only breaks down when more than half of RLC SN space in sequence is lost. Note that the T-reordering timer cannot solve this problem as well. 
Proposal 1.  In NR, RLC UM doesn’t have to support T-reordering timer. 
3 Conclusion

In this contribution, we provide our view on T-reordering timer for NR RLC UM and ask RAN2 to discuss the following proposal:
Proposal 1.  In NR, RLC UM doesn’t have to support T-reordering timer. 
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