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1. Introduction
In the last RAN2#98 meeting, the following options regarding RLC UM receive operation were captured [1]:
Questions: 
Whether SN in included in every PDU 
Whether the receive window mechanism is enough 

1. SN is included in every PDU 
a.  Option 1-1 with LTE window only mechanism
b.   Option 1-2 with window and timer 

2. SN is included only in SDU segments 
a.  Option 2-1 with window mechanism 
b.  Option 2-2 with one T-reassembly timer
c.  Option 2-3 with multiple T-reassembly timer
In our other contribution [2], we elaborate why we prefer to support SN only for SDU segments. Hence in this contribution, we will mainly discuss and compare option 2 series. And our proposals will be given.
2. Discussion
In UM receiver side, re-ordering function and duplication detection are not needed for complete SDUs. Two main operations of UM receiver are to reassemble SDU and discard incomplete SDU segments when reassembly fails. For SDU reassembly, the simplest rule is just to merge different segments with same SN together. From the perspective of reassembly, there is no need to consider other segments with different SN.  When overlapping between segments with same SN occurs, e.g. SO + LI of first segment indicates [0-300] bytes of SDU and that of second segment indicates [200-500] bytes of SDU, it means that SN wrap around happened. And the old segments of that SN should either be discarded or kept until receiving the matching segments. If the old segmentation is completely the same as the new segmentation of a same wrap around SN, the receiver will erroneously merge segments from different SDUs. However, the probability that the same segmentation occurs for the first SN and the wrap around SN is very low.


Observation 1: UM SDU reassembly only needs to consider its own SN and has no relationship with other SN.
Observation 2: For segments belonging to different SDUs with same wrap around SN, sets of SO + LI can distinguish this SN wrap around case with high probability.
About how to detect reassembly failure, there are two options: based on pull window like LTE UM receive window and based on timer(s) like LTE reordering mechanism. Followings give detailed explanation and comparison between these two directions.
· Window based mechanism
For a pull window mechanism, the window size equals half of SN space, e.g. 32 for 6 bits SN. The upper boundary of window is decided by the highest received SN and the lower boundary lies in the point of upper boundary minus window size. When incomplete segments are inside the window, they can be kept. Once some incomplete segments are out of the window, they will be discarded immediately. But the key question is whether the update speed of the window can match retransmission delay of the missing segments belonging to same SDU as some already buffered segments. From our side, the answer is no. In a high data rate case, window length of 32 for 6 bits SN (that value can be 64 theoretically in a timer based solution) cannot guarantee that missing segments of a lower SDU have finished their retransmission(s) when the highest received SN pulls the window up causing the lower SDU to be discarded. In an opposite case that data or segmentation is rare, window will not update for a long time. But retransmission attempts of missing segments have already finished for quite some time. In which case, buffering unsuccessful segments is useless.
 Observation 3: Update speed of pull window cannot match well retransmission delay of missing segments.
Proposal 1: RAN2 agrees that a window mechanism alone is not good enough to control incomplete segments discarding.
For timer based mechanism, the duration of reassembly timer equals the maximum HARQ retransmission delay and, as mentioned above, the SN ambiguity results from the SN wraparound rather than half the SN space in the window case, which yields twice as much time before ambiguity for a timer compared with a window. Hence incomplete segments can be discarded very precisely and efficiently. The most precise way is to have one reassemble timer for each SDU or each retransmitted segments. 
· Multiple reassembly timer mechanism
If reassemble timer is per SDU, this timer will be started or restarted upon reception of a segment belonging to a specific SDU. For example, when the first segment of SDU1 is received, one timer #1 is started. Then the second segment of SDU1 is received, and timer #1 is restarted. When the middle segment of SDU2 is received, other timer #2 is started. Subsequent processing is similar. The receiver will maintain multiple timers for each SDU and continue to restart each timer once upon reception of a new segment. Most of these timers are useless because most of segments will be transmitted successfully. If the length of reassembly timer is related to QoS delay requirement, timer restart is not needed. But this timer duration is much larger than the retransmission delay. SN wrap around and useless buffering cannot be avoided. If the duration of the reassembly timer is equals to the maximum HARQ retransmission delay, the maximum time difference between the former segment reception and the latter segment reception may be larger than the maximum HARQ retransmission delay because there may be some additional scheduling delay between these two segments.
If reassembly timer is per segment gap, the first thing is how to detect a gap. Within one SDU, sets of SO+LI can be used to detect a gap. But for the case where the last segment is missing, some window or variable update mechanisms are needed to detect a gap. And from the complexity point of view, maintaining multiple timers is not preferable.
· Single reassembly timer mechanism
Single reassembly timer mechanism is similar to LTE re-ordering mechanism, which is based on gap detection and maintains one timer for multiple gaps. If a first gap is detected, a reassembly timer with length of maximum HARQ retransmission delay can be started to precisely monitor whether retransmission is successful or not. For gaps detected in the period of this reassembly timer, only one timer covers multiple gaps. From the perspective of precision and complexity, one timer is a compromise solution. Moreover gap detection needs some window or variable update mechanisms. Detailed mechanism is FFS.
The following table gives a summary and comparison.
	
	Window based mechanism
	Multiple timers for each SDU
	Multiple timers for each gap
	One timer for gaps

	Advantage
	Simple (current pull window)
	No window and variable maintaining
	Precisely retx failure detection
	Balanced efficiency and complexity

	Disadvantage
	Update speed of window can not match retransmission delay of missing segments
	Many timers continue to start and restart. High complexity
	Need window and variable maintaining. Middle complexity for multiple timers
	A little more complex than pure window based solution



Proposal 2: NR RLC UM receiver should support single reassembly timer with a suitable window or variable update mechanism for gap detection.

3. Conclusion
Based on the analysis in section 2, the following is observed and proposed:
Observation 1: UM SDU reassembly only needs to consider its own SN and has no relationship with other SN.
Observation 2: For segments belonging to different SDUs with same wrap around SN, sets of SO + LI can distinguish this SN wrap around case with high probability.
Observation 3: Update speed of pull window cannot match well retransmission delay of missing segments.
Proposal 1: RAN2 agrees that a window mechanism alone is not good enough to control incomplete segments discarding.
Proposal 2: NR RLC UM receiver should support single reassembly timer with a suitable window or variable update mechanism for gap detection.
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