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1 Introduction

In RAN2 #96, following agreements regarding reordering was reached:

-
PDCP supports the re-ordering functionality (T-reordering)

-
RLC AM supports T-reordering like functionality for the purposes of determining the content of the RLC status report.
-
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)

In this paper, we briefly discuss the remaining reordering issues for RLC UM and PDCP. 
2 Discussion

2.1 RLC functions related to reordering

In LTE, there are two aspects of design related to reordering in RLC:
1. The requirement of in-sequence delivery of SDU to upper layer at receiver side.

2. The reordering timer (t-reordering) 

In NR, in-sequence delivery is supported by PDCP, i.e. RLC does not support the in-sequence delivery of SDU to PDCP. However, a function similar to t-reordering is still required for RLC AM for the purpose of status reporting to track which RLC packets were received. This is because, as in LTE, the NR RLC receiver needs to wait a certain time to confirm a packet is lost after HARQ retransmissions.

Observation 1: t-reordering is used in RLC AM for detecting missing packets and status reporting.

Proposal 1: t-reordering is maintained in RLC AM (already agreed in RAN2)
It is still in question whether RLC UM also needs to maintain t-reordering timer or similar functionality. To answer the question, we analyze LTE RLC UM behavior in the following:

· In LTE RLC UM, the t-reordering timer starts when a hole is detected at receiver side.

· When t-reordering expires, LTE RLC UM advances the reordering window (by updating VR(UR)), reassembles and delivers RLC SDUs to upper layers. 
Since the in-sequence delivery requirement is no longer supported in RLC and RLC UM does not support status reporting, there is no need for RLC UM to maintain the reordering window. Note that a receive window in RLC UM may still be required for the purpose of duplicate detection in the case of SN wrap-around. However, the receive window can be defined by the highest received SN and therefore t-reordering is not needed.

Observation 2: At receiver side, RLC UM may advance receive window without t-reordering as new packets are received.

Proposal 2: t-reordering is removed from RLC UM.

RLC UM may still maintain a buffer for segment reassembly. If the segments are not reassembled at the time the receive window moves beyond the sequence number associated with a segment, the segment can be discarded.

Proposal 3: RLC UM receiver discards all segments falling out of the receive window.

2.2 PDCP functions related to reordering

As PDCP is the highest sublayer of L2 stack, PDCP supports reordering in order to fulfill upper layer application or protocols’ expectation of in-order delivery. One major user of the L2 in-sequence delivery is TCP applications. 

However, TCP applications are not the only user of the L2 stack. For example, SCTP protocol [1] supports sequence delivery within streams. If multiple streams exist in an SCTP application, reordering at PDCP may result in longer delay for application stream using SCTP due to head of line blocking. We believe it is beneficial to support a packet reordering-free mode in layer 2 to enable more efficient delivery for such applications. In order to support packet reordering-free delivery, PDCP reordering can be deactivated using RRC signaling.

Observation 3: Non-TCP applications may not always require packet reordering.

Proposal 4: NR supports a packet reordering-free mode of layer 2.

Proposal 5: PDCP packet reordering may be de-activated using RRC signaling.
3 Summary
Observation 1: t-reordering is used in RLC AM for detecting missing packets and status reporting.

Observation 2: At receiver side, RLC UM may advance receive window without t-reordering as new packets are received.

Observation 3: Non-TCP applications may not always require packet reordering.

Proposal 1: t-reordering is maintained in RLC AM (already agreed in RAN2)
Proposal 2: t-reordering is removed from RLC UM.
Proposal 3: RLC UM receiver discards all segments falling out of receive window.

Proposal 4: NR supports a packet reordering-free mode of layer 2.

Proposal 5: PDCP packet reordering may be de-activated using RRC signaling.
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