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1.	Introduction
The following new agreements in RLC were made at the RAN2#97bis meeting.
	Agreements:
· 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).
· RLC UM receive window operation is maintained similar to LTE. If duplicate detection is removed from RLC UM then the need for the window will depend on the mechanism use to discard.



As seen above, in RLC UM, two options for reassembling RLC SDU segments were proposed. One is timer based mechanism and another is window based mechanism. In this contribution, it is discussed to figure out pros and cons of these two options.

2.	Discussion
In NR, according to the agreements, concatenation function and reordering function for in-order delivery will move into the MAC layer and the PDCP layer, respectively. However, segmentation and reassembly of a RLC SDU will remain in the RLC layer. 
In RLC UM, segmentation will be achieved by several fields, e.g., “FI-like” field and SO field. Reassembly, on the other hand, can be handled by two possible approaches like followings. 
· Timer based mechanism
· Window based mechanism

Timer based mechanism starts a timer, e.g., t-reassembly, when a SDU segment is received. The receiving UM RLC entity will try to reassemble the SDU from SDU segments until the timer expiry. 
Window based mechanism uses the reception window for reassembly. The receiving UM RLC entity will try to reassemble the SDU from SDU segments until the SDU becomes outside of the window. 

2.1 Comparison 
Basically, the window based mechanism (WBM) has to manage the reception window, and thus the state variables e.g., VR(UR), VR(UX), VR(UH), should also be managed. However, the timer based mechanism (TBM) does not need to manage the reception window, and thus does not need to manage state variables.
Observation 1.	The window based mechanism should manage state variables to handle window properly whereas the timer based mechanism does not need those state variables.

The TBM must have a timer for reassembly. The detailed timer operation is explained in [1]. Interestingly, the WBM also needs a timer. This is because, without the timer, the WBM must wait for a long time for reassembly up to the window advancement. The problem becomes severe at the end of data transmission where the window is no more advanced.
For instance as shown in figure 1, when an SDU segment is missed at the end of data transmission, i.e. no more UMD PDU is expected to be received, if the timer is not used for WBM, the receiving RLC entity does not know how long it should wait for this missing SDU segment. Without the timer, the receiving RLC entity would wait for the missing SDU segment forever. This is serious defect for WBM without the timer. Therefore, even though WBM is used, a reassembly timer is needed anyway. 
Observation 2.	Even for the window based mechanism, a reassembly timer is needed to avoid permanent waiting for a missing SDU segment.



Figure 1 Problem of window based mechanism without a reassembly timer





Figure 2 Example operation of the timer based mechanism

For reassembly time, the TBM guarantees the uniform period of time for reassembling RLC SDUs. As shown in figure 2, when the SDU segments are detected, the receiving RLC entity starts a reassembly timer for each SDU and tries to reassemble the SDU until timer expiry. As the same timer value is applied for each SDU reassembly, it guarantees uniform reassembly time.
The WBM, however, does not guarantee the uniform period of time for reassembly because the window moves based on the transmission rate. For high data rate, the window advances fast, and the reassembly time becomes short. For low data rate, however, the window advances slow, and the reassembly time becomes long. The non-uniform reassembly time gives bad QoS control for the radio bearer.
Moreover, the reassembly time in the WBM also depends on the size of reception window. If the window size is large, the reassembly time is long, and if the window size is small, the reassembly time is short. The dependency on the window size also has bad impacts on QoS control. Furthermore, finding optimal size of the window is another tough problem. 

Observation 3.	The timer based mechanism can guarantee uniform time for SDU reassembly.
Observation 4.	The window based mechanism cannot guarantee uniform time for SDU reassembly. The reassembly time depends on transmission rate and window size.

The table 1 summarizes comparison between the two mechanisms.
Table 1 Comparison between timer based mechanism and window based mechanism
	
	Timer based mechanism
	Window based mechanism

	Window
	Not required
	Required

	Timer
	Required
	Required

	SN tracking
	Not needed
	Needed

	State Variables
	Not required
	Required

	SDU reassembly time 
	uniform
	non-uniform



Based on the comparison, we believe that the timer based mechanism is a better solution than the window based mechanism. 
Proposal.	The UM RLC entity uses the timer based mechanism for SDU reassembly. 

3.	Conclusion
In this document, we analyse the timer based mechanism and the window based mechanism for reassembly. Based on the observations, we propose the followings for UM RLC entity. 
Observation 1.	The window based mechanism should manage state variables to handle window properly whereas the timer based mechanism does not need those state variables.
Observation 2.	Even for the window based mechanism, a reassembly timer is needed to avoid permanent waiting for a missing SDU segment.
Observation 3.	The timer based mechanism can guarantee uniform time for SDU reassembly.
Observation 4.	The window based mechanism cannot guarantee uniform time for SDU reassembly. The reassembly time depends on transmission rate and window size.
Proposal.	The UM RLC entity uses the timer based mechanism for SDU reassembly. 
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