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1   Introduction
The following agreements related to RLC functions were made on RAN2 #95bis meeting [1]: 
· 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).
· RAN2 should consider both the processing of both the transmitter and the receiver when evaluating whether to divert from the LTE-baseline.
· In NR, the segmentation function is only placed in the RLC layer as in LTE
This contribution discusses the RLC operation modes of RLC and the function support of different RLC operation modes in NR, specifically, the reordering function. 
2   Discussion
In LTE, RLC can work in three different operation modes, depending on the requirement of the data to be transported: Transparent Mode (TM), Unacknowledged Mode (UM) and Acknowledged Mode (AM) [2]. AM mode has functions for retransmission of erroneous received PDUs. The RLC working in UM or AM also has functions for segmentation and concatenation of SDUs sent over the LTE air interface. For received PDUs, RLC UM and AM modes support functions of re-ordering, duplicate detection of data PDU and reassembly of RLC SDU. Transparent mode entity in RLC does not add any overhead to the upper layer SDUs. The entity just transmit the SDUs coming from upper layer to MAC. There is no header for RLC TMD PDU. 
The different RLC modes are suitable for different use cases. TM mode is suitable for delivery of system information and broadcasting. In LTE, RLC TM is used for transmission of paging messages on PCCH, system information transmitted on BCCH and SRB0 messages transmitted on CCCH. LTE RLC Unacknowledged Mode is used for transmission of delay sensitive packets, such as VoIP packets or audio/video streams. UM mode is suitable for carrying streaming traffic. AM mode is suitable for services which need high reliability in packet delivery, e.g., TCP traffic. 

Observation 1: RLC TM, UM and AM modes are applicable to different services or use cases.

Proposal 1: The three RLC modes, TM, UM and AM modes should be supported in NR. 
The main function supported by the LTE RLC sub layer are as follows：
-
Transfer of upper layer PDUs;

-
Error correction through ARQ (only for AM data transfer);

-
Concatenation, segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);

-
Re-segmentation of RLC data PDUs (only for AM data transfer);

-
Reordering of RLC data PDUs (only for UM and AM data transfer);

-
Duplicate detection (only for UM and AM data transfer);

-
RLC SDU discard (only for UM and AM data transfer);

-
RLC re-establishment;

-
Protocol error detection (only for AM data transfer).

With regard to the necessity of reordering function in NR, in-depth discussions were made and some agreements were achieved at RAN2 95bis meeting: PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed, i.e. even in non-DC case. And complete PDCP PDUs can be delivered out-of-order from RLC to PDCP, which means that RLC need not perform reordering when delivering PDUs to PDCP. The agreements thereof are more associated to in-sequence delivery. T-reordering (timer reordering) was discussed on the RAN2 #96 meeting [3], based on which some agreements were achieved:
1. PDCP supports the re-ordering functionality (T-reordering)

2. RLC AM supports T-reordering like functionality for the purposes 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
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
As is stated, it is agreed that T-reordering is needed for RLC AM mode, while it is FFS for RLC UM mode. 

It is worth pointing it out that T-reordering is not equivalent to in-sequence delivery. When the receiving RLC entity receives RLC PDUs, it first reorders them if they are received out of sequence. Out-of-sequence reception is unavoidable due to the fact that the HARQ operation in the MAC layer uses multiple HARQ processes. Any RLC PDUs received out of sequence are stored in the reception buffer until all the previous RLC PDUs are received and delivered to the upper layer. During the reordering process, any duplicate RLC PDUs received are detected by checking the SN and discarded. This ensures that the upper layer receives upper layer PDUs only once. To detect reception failures and avoid excessive reordering delays, a reordering timer is used in the receiving RLC entity to set the maximum time to wait for the reception of RLC PDUs that have not been received in sequence. The receiving RLC entity starts the reordering timer when a missing RLC PDU is detected, and it waits for the missing RLC PDUs until the timer expires. For RLC AM mode, T-reordering like functionality is needed for the purposes of determining the content of the RLC status report. For RLC UM mode, the receiving UM RLC entity declares the missing RLC PDUs as lost and starts to reassemble the next available RLC SDU from the RLC PDUs stored in the reception buffer, when the timer expires. Therefore, T-reordering is also needed for RLC UM mode to determine when to move forward the received window in case some RLC PDUs are lost.
Proposal 2: T-reordering of RLC data PDUs should be supported for UM data transfer in NR. 
3   Conclusion
Based on the analysis aforementioned, we made the following observation and proposals in NR:
Observation 1: RLC TM, UM and AM modes are applicable to different services or use cases.

Proposal 1: The three RLC modes, TM, UM and AM modes should be supported in NR. 
Proposal 2: T-reordering of RLC data PDUs should be supported for UM data transfer in NR.
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