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1.	Introduction
In the RAN2#98 meeting, one of the main issues in the RLC was UM operation. Especially, timer based solution and window based solution for reassembly was discussed a lot and some companies regarded that SN wrap-around is the serious problem of the timer based solution. However, we do not think that SN wrap-around problem is only for the timer based solution. In this contribution, we discussed on SN wrap-around problem more detailed. 

2.	Discussion
In RLC UM, SDU reassembly is the most important functionality and should be achieved perfectly. Timer based and window based mechanisms are considered for this but it is pointed out that SN wrap-around problem is the serious defect of timer based mechanism because the receiving window is not managed. However, if many RLC PDUs are lost consecutively for a while, SN wrap-around problem can be occurred even though the window based mechanism is used for RLC SDU reassembly. 
The example is given in figure 1, we assume that length of SN field is 6bits and window size is 32, which is one bit smaller than SN length as in LTE. When some RLC SDU segments with SN#0 are buffered and waiting remaining segments to be reassembled, the remaining RLC SDU segment with SN#0 and RLC SDU with SN#1 are missed at the time N. RLC SDUs which are from SN#2 to SN#31 are successfully transmitted at the time N+1, and then the receiving window moves forward. But RLC SDU segments with SN#0 are still inside of the receiving window and waiting the remaining RLC SDU segment. In time N+2, all RLC SDUs from SN#32 to SN#63 are missed and the receiving window cannot be moved. After that, in time N+3, another RLC SDU segment with SN#0, which is from the different RLC SDU, is received successfully. This is exact SN wrap-around problem because the different RLC SDU segment conflicts with the buffered RLC SDU segment. Based on this example, we believe that the SN wrap-around problem will occur even though the receiving window is used.
Some companies may still doubt that many RLC PDUs are really lost consecutively. Unfortunately this can be happened and MAC concatenation can make this even worse because one TB from the MAC layer may have multiple RLC PDUs. We also think that this is why NACK_SN range is introduced in NR. 
Observation1.	Window based mechanism has same SN wrap-around problem during reassembly.

With this understanding, we think that SN wrap-around problem is linked to the SN length because if the SN length is long, the time to wrap around should be long. This means that the receiving side of RLC UM can have enough time to reassemble the RLC SDU before arriving of another RLC SDU segment with same SN. 
Observation2.	Long SN length can decrease occurrence of SN wrap-around problem.


Figure 1 Example of SN wrap-around problem with window based mechanism

Therefore, to resolve SN wrap-around problem, both window based and timer based mechanism should be considered together and proper SN length should be determined because long SN length will cause unnecessary header overhead. The possible SN length is proposed in [1]. 
Proposal.	SN wrap-around problem should be considered for both window based and timer based mechanisms. 

3.	Conclusion
In this document, we talk about the SN wrap-around problem and propose the followings: 
Observation1.	Window based mechanism has same SN wrap-around problem during reassembly.
Observation2.	Long SN length can decrease occurrence of SN wrap-around problem.
Proposal.	SN wrap-around problem should be considered for both window based and timer based mechanisms. 

References
[1] R2-170xxx02 RLC field size for NR	LG Electronics
1

1

Microsoft_Visio____1.vsdx









#0
...
#0
#1
#2
#30
#31
...
#62
#63
...
RLC SDU #2 ~ #31
...
RLC SDU #32 ~ #63
RLC SDU segment of #0, RLC SDU #1
#0
#1
#2
#30
#31
...



#0
#1
#2
#30
#31
...
RLC SDU segment of #0 from different RLC SDU
SN wrap-around problem will occur
Receiving side of RLC UM
Transmitting side of RLC UM
Receiving window
#33
#34
Successfully received RLC SDU or RLC SDU segment
Time N
Time N+1
Time N+2
Time N+3
Missed RLC SDU or RLC SDU segment
RLC SDU segment



image1.emf
#0

...

#0 #1 #2 #30 #31

...

#62 #63

...

RLC SDU #2 ~ #31

...

RLC SDU #32 ~ #63

RLC SDU segment of #0, 

RLC SDU #1

#0 #1 #2 #30 #31

...

#0 #1 #2 #30 #31

...

RLC SDU segment of #0 

from different RLC SDU

SN wrap-around 

problem will occur

Receiving side  of RLC UM 

Transmitting side  of RLC UM 

Receiving window

#33 #34

Successfully received RLC 

SDU or RLC SDU segment 

Time N

Time N+1

Time N+2

Time N+3

Missed RLC SDU or 

RLC SDU segment

RLC SDU segment 


