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1 Introduction

In some contributions [1-2] submitted to RAN2#95, it was reported that segmentation by Segmentation Offset (SO) field (We call SO-based segmentation in this contribution) will be beneficial for NR. In this contribution, we analyse the pros and cons of SO-based segmentation compared to LTE segmentation and resegmentation. 
2 Segmentation and Resegmentation in LTE
In current LTE, RLC sublayer supports segmentation by two ways as follows:
1. FI-based segmentation: This is used for the initial segmentation by adding 2-bit Framing Info (FI) in RLC header.
· 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.
FI-based segmentation can be performed based on decision of MAC PDU size. RLC sequence number is assigned after segmentation. For this reason, FI-based segmentation cannot be used for resegmentation.
2. SO-based segmentation: When previously segmented RLC SDU needs to be segmented further, resegmentation is performed by adding 2-Byte Segment Offset (SO) to the RLC header and appropriate LSF (Last Segment Flag) value. In this case, the original RLC PDU already has own sequence number, so FI-based segmentation cannot be used. This can happen when TB size for the retransmission is smaller than that for the initial transmission. For instance, retransmission with lower MCS due to CQI degradation requires SO-based segmentation even for the same or larger available physical resource block. 
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Figure 1. FI-based segmentation and SO-based resegmentation in LTE
Figure 1 illustrates an example of LTE segmentation and resegmentation. In this example, one RLC SDU is fragmented into two segmented SDUs which have individual RLC SNs with appropriate FI fields, i.e. SN=0 and FI=01 for 1st segment and SN=1 and FI=10 for 2nd segment. If the resegmentation is required at retransmission, SO field is additionally attached and appropriate LSF value is set based on each original RLC PDU.
3 Pros and Cons of SO-based Segmentation
3.1 Unification of Segmentation and Resegmentation
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Figure 2. SO-based segmentation and resegmentation
A fundamental question is whether SO-based segmentation can replace FI-based segmentation without limitation. Figure 2 illustrates an example of SO-based segmentation and resegmentation. The same size of segmented SDU with the previous LTE case is assumed in the example. The figure shows that it is possible for SO-based segmentation to perform the same level of segmentation of LTE. This means that segmentation and resegmentation can be unified by SO-based segmentation as mentioned in [2]. Also, there is a benefit that 2-bit FI field can be removed for future usage (e.g. extension of RLC SN size). The difference is the header size due to 2-Byte SO field and one RLC SN used in SO-based segmentation.

Observation 1. SO-based segmentation can replace FI-based segmentation. 

3.2 Pre-processing of RLC PDU
NR is required to support very high data rate up to peak 20Gbps which is challenging for real-time processing, especially in UE side. In order to reduce the real-time processing, pre-processing of RLC PDU without concatenation was discussed [3]. However, even though the concatenation is removed, current FI-based segmentation limits the pre-processing of RLC PDU. 
Figure 3 and Figure 4 illustrate examples of pre-processing of RLC PDU and segmentation for FI-based segmentation and SO-based segmentation, respectively. In both examples, 4 RLC PDUs are assumed to be constructed in advance. If the RLC PDU with SN=0 is segmented into 2 RLC PDUs, then FI-based segmentation requires an additional consecutive sequence number, i.e., SN=1. This means that the other pre-processed RLC PDUs should change their SNs, thus pre-processing of these PDUs becomes wasted.  On the other hand, SO-based segmentation in Figure 4 does not need to change sequence number of each pre-processed RLC PDU. Therefore, pre-processing of RLC PDUs for reducing real-time processing requires SO-based segmentation rather than FI-based segmentation.
Observation 2. SO-based segmentation is efficient for pre-processing of RLC PDUs.
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Figure 3. Pre-processing with FI-based segmentation
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Figure 4. Pre-processing with SO-based segmentation
3.3 Flexibility on CU-DU Split
RLC sequence numbering and ARQ may not be a real-time processing related to physical resource block allocation whereas segmentation is a real-time processing. In SO-based segmentation, the placement of sequence numbering and ARQ can be independent of segmentation because physical resource allocation is not necessary for sequence numbering. For instance, RLC sequence numbering and ARQ in CU and segmentation in DU is possible. (i.e., split option 3 in RAN3 study [4]) Also, SO-based segmentation works well for the other options that sequence numbering and segmentation are located at the same place. As a consequence, SO-based segmentation increases flexibility in network implementation for CU-DU split.
Observation 3. SO-based segmentation can separate segmentation from RLC sequence numbering and ARQ function.
3.4 Increasing Overhead
A potential drawback of SO-based segmentation may be increasing overhead. FI-based segmentation enables segmentation with only 2-bit indication which is an efficient solution in view of overhead saving. On the other hand, SO-based segmentation should attach 2-Byte SO field when segmentation is performed. In typical scenario, at most one segmentation is required per logical channel per MAC PDU. 
In Table 1, we compare L2 overhead per TTI between FI-based segmentation and SO-based segmentation. We assume 100/1000-Byte TB size and 1500-Byte IP packet. For all cases, the total difference of L2 overhead is 2-Byte due to SO field. In case of small TB size, the proportion of SO-field was 2% (=8.2%-6.2%) which can be considered as a practical maximum value. On the other hand, in case of 1000-Byte TB size, the difference becomes smaller, i.e., 0.2% (=1%-0.8%). As TB size increases, the difference between segmentation schemes will converge to zero.
	TB size
	FI-based
	SO-based

	100-Byte
	PDCP 0.2B=3B*100/1500

RLC 3B

MAC 3B

Total 6.2B (6.2%)
	PDCP 0.2B=3B/1500

RLC 5B=3B+2B

MAC 3B

Total 8.2B (8.2%)

	1000-Byte
	PDCP 2B=3B*1000/1500

RLC 3B

MAC 3B

Total 8B (0.8%)
	PDCP 2B=3B*1000/1500

RLC 5B=3B+2B

MAC 3B

Total 10B (1%)


Table 1. L2 overhead comparison between FI-based segmentation and SO-based segmentation
Observation 4. 2-Byte additional overhead per logical channel per MAC PDU is expected in SO-based segmentation 
By considering pros and cons of SO-based segmentation, it is proposed to use SO-based segmentation for both segmentation and resegmentation.
Proposal 1. SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. 

4 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals as a baseline of NR user plane:
Proposal 1. SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. 
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