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1   Introduction
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) [1]. For the RLC AM and UM mode, whether the t-reordering functionality which is used in LTE should be supported in NR was discussed in RAN2, the achieved agreements are as follows [2]:

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)

As is observed, the t-reordering will be supported for NR RLC AM mode, but for the RLC UM mode, it is open for discussion. There was some further discussion on the RLC SDU segmentation associated to the timer mechanism on the RAN2#97 bis meeting [3]:

If a segment is detected to be missing, then all stored segments associated to the RLC SDU can be discarded.  FFS how a missing segment is detected if a timer mechanism is used (e.g T-reassembly).

This contribution intends to discuss the need of assembly timer for RLC segments. This Tdoc is a revision of R2-1702608.
2   Discussion
The functionalities of NR RLC were discussed and the following agreements were made on RAN2 meeting [4]:
1. PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed, i.e. even in non-DC case. 

2. And complete PDCP PDUs can be delivered out-of-order from RLC to PDCP.
3. RLC reassembles RLC SDU and delivers them to upper layers in the order they are received
It implies that the RLC entity in NR doesn’t need to do reordering and in-sequence delivery.

In LTE, the RLC receiving entity at receiver performs the RLC PDU reordering RLC SDU reassembling after receiving RLC PDUs, and deliver to upper layer in sequence. The reordering window of UM RLC of LTE works in a “pulling” mode as shown in Figure 1: 
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Figure 1. The LTE UM RLC reordering window
where VR(UH) stands for UM highest received state variable. This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received UMD PDUs, and it serves as the higher edge of the reordering window. And VR(UR) represents the UM receive state variable, this state variable holds the value of the SN of the earliest UMD PDU that is still considered for reordering. i.e., the SN of the first UMD PDU that has not been received. The receiving UM RLC entity assumes that all the UMD PDUs with SN that (VR(UH) – UM_Window_Size) <= SN < VR(UR) have been successfully received. When a UMD PDU with a SN is received, the reordering window remains as before if SN falls within the reordering window if (VR(UH) – UM_Window_Size) <= SN < VR(UH) but the variables may be updated. If SN falls outside of the reordering window, the receiving UM RLC entity updates VR(UH) to SN + 1, and reassemble RLC SDUs from any UMD PDUs with SN that falls outside of the reordering window, and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before. If a SN is lower than VR(UR), the UMD PDU with that SN is not forwarded to upper layer and discarded. 
T-reordering is supported for RLC AM mode and RLC UM mode in LTE. 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, the 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. Specifically, the variable VR(UX) in Figure 1 is the UM t-reordering state variable. This state variable holds the value of the SN following the SN of the UMD PDU which triggered t-reordering.  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. Similar to the RLC AM mode, the t-reordering in LTE is also used for RLC UM to guarantee the in-sequence delivery to upper layer. But the RLC status report will be not triggered when the timer expires and the missing RLC PDUs are still not received successfully for the RLC UM mode. Thus for the RLC UM mode in NR, the t-reordering is not needed in the sense that the NR RLC entity doesn’t have reordering functionality. The RLC entity can deliver the complete reassembled RLC SDU to PDCP in out-of-order sequence.
Observation 1: T-reordering is not needed for RLC UM mode in NR, as RLC reordering and in-sequence delivery to PDCP are not needed. 
It has been agreed that NR RLC doesn’t have the concatenation function, which means that the received RLC PDU is either a complete RLC SDU or a RLC SDU segment. In the case of a complete RLC SDU, the received RLC PDU can be delivered to upper layer directly. But if the received RLC PDU is a RLC SDU segment, the receiving UM RLC entity need check if it can be reassembled to construct a complete RLC SDU, then a T-assembly timer for RLC SDU segments may be needed. The timer will be used to determine when to discard the buffered RLC SDU segments if they can be not used to reassemble a complete RLC SDU for a certain time. The incomplete RLC SDU segments should not be delivered to upper layer.
Observation 2: A timer is needed for the RLC UM receiving entity to determine when to discard the collected incomplete RLC SDU segments.  
Proposal 1: T-assembly should be configured to perform assembly of RLC SDU segments.
The receiving RLC entity may receive multiple RLC SDU segments which belong to different RLC SDUs. Since the incomplete RLC SDU segments should not be delivered to upper layer, the subsequent issue is how to start the assembly timer for the different RLC SDU segments. Two options can be considered:
Option 1: Only one assembly timer

Only one assembly timer is running at one moment. The timer for another RLC SDU will be not started until the timer for one SDU expires or all the segments are successfully collected. It’s similar to the reordering timer in LTE and easy to implement.

 Option 2: Multiple assembly timers
One assembly time is established for each RLC SDU which will be segmented, i.e., multiple assembly timers will be running in parallel.  
Proposal 2: The receiving RLC entity maintains only one assembly timer.
3   Conclusion
Based on the analysis above we made the following proposals:
Observation 1: T-reordering is not needed for RLC UM mode in NR, as RLC reordering and in-sequence delivery to PDCP are not needed.

Observation 2: A timer is needed for the RLC UM receiving entity to determine when to discard the collected incomplete RLC SDU segments.

Proposal 1: T-assembly should be configured to perform assembly of RLC SDU segments.
Proposal 2: The receiving RLC entity maintains only one assembly timer.
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