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1 Introduction

During NR study, RAN2 made the following agreement on segmentation: 

· SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. (It does not imply anything about location of concatenation). At least overhead for the low data rate case should be analysed further.
In a recent email discussion [1], it seems that most companies shared a similar understanding on high-level principle how SO segmentation works in NR. However, there are still some open issues such as disabled segmentation and detail on segmentation indication. In this contribution, we would like to discuss those issues for further progress. 
2 Discussion
2.1 Disabled Segmentation
During the e-mail discussion [1], some companies are open to discuss whether segmentation is not allowed by configuration or not. In this section, necessity and impact of introducing disabled segmentation is discussed.
The first question is what kind of information is needed for disabled segmentation. In order to prohibit segmentation, either network or UE should be sure that deadlock never happens when it is configured. This means that network can always allocate transport block size which is greater than packet size (i.e. MAC header + MAC PDU). So, a prerequisite of disabled segmentation is that network should be aware of the exact data size. Especially in uplink, it is very difficult to know because BSR does not tell that information. 
The second question is which benefit is expected. One could say that disabled segmentation reduces amount of L2 processing in both TX and RX sides. In TX side, updating segmentation information and adding SO field are required. However, even in high data rate scenario, only one SO field per transport block is added. That means that segmentation does not require heavy processing compared to the other header processing. Low data rate scenario does not have any processing constraints because the total data processed by L2 is very small. In RX side, decoding 2-bit fields related to segmentation can be omitted. However, this is also very small portion within total L2 header. 
In overhead perspective, the size of 2-Byte SO field is very small compared to the total data field. Also, SO field is activated only if the original SDU is segmented and the RLC PDU does not contain the first bit of the original SDU. 2-bit field related to segmentation indication would be changed to reserved field. This does not reduce the total size of RLC header. Therefore, we cannot expect overhead saving by disabled segmentation. On the other hand, there may be a restriction on network scheduling due to the packet size. Network cannot allocate small-size DL/UL grant to avoid deadlock. In UL, large padding will be unavoidable. This effect is more severe in low rate scenario, i.e. small grant size is required. 
Proposal 1. Segmentation should be always enabled for each logical channel.  
2.2 Segmentation Indication
The next open issue is how to indicate segmentation information whether/how the original SDU is segmented. In LTE, this indication is supported separately by FI for segmentation of SDUs and RF & LSF for resegmentation of PDU. Since RAN2 agreed to use SO-based segmentation for both segmentation and resegmentation, segmentation information can be merged by a unified format. 
We can reuse the concept of LTE RLC field as a solution. Fortunately, either FI field for LTE segmentation (option 1) or RF & LSF field for LTE resegmentation (option 2) can be used as follows:
· (Option 1) FI field: 2-bit FI field indicates fragmentation status of the beginning and end bits in data field. More specifically, the first bit of FI indicates whether the first byte of the data field corresponds to the first byte of a RLC SDU or not. The second bit of FI indicates whether the last byte of the data field corresponds to the last byte of a RLC SDU. The following table shows the detail format and presence of SO when FI is used.
	FI
	Description
	Presence of SO

	00
	SDU is not segmented.
	No

	01
	SDU is segmented the first part
	No

	11
	SDU is the middle part
	Yes

	10
	SDU is segmented and the last part
	Yes


· (Option 2) RF & LSF combination: 1-bit RF (terminology could be renamed to SF (segmentation Flag)) and 1-bit LSF also indicates fragmentation status. In LTE, RF field indicates whether an RLC PDU is resegmented or not. In NR, RF field can be used to indicate whether the original SDU is segmented or not. LSF field can indicate whether the data field contains the last part of the original SDU or not. Moreover, combining RF set to 0 with appropriate LSF value, the first segment of the original SDU can be further indicated to saves SO field. The following table shows the detail format and presence of SO when RF & LSF combination is used.
	RF
	LSF
	Description
	Presence of SO

	0
	1
	SDU is not segmented.
	No

	0
	0
	SDU is segmented the first part
	No

	1
	0
	SDU is segmented and not the last part
	Yes

	1
	1
	SDU is segmented and the last part
	Yes


We can see that both options require only 2-bit indication and the simplicity is the same with each other. In our view, one of these options can be used for segmentation information.
Proposal 2. 2-bit segmentation information should be included in RLC header. 
Proposal 2a. 2-bit segmentation information can be either FI field or RF/LSF combination.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:

Proposal 1. Segmentation should be always enabled for each logical channel.  
Proposal 2. 2-bit segmentation information should be included in RLC header. 
Proposal 2a. 2-bit segmentation information can be either FI field or RF/LSF combination.
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