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Discussion and Decision
1      Introduction
In RAN2#95bis meeting, following was agreed regarding SO based segmentation.

Agreement

=>
 SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. (Does not imply anything about location of concatenation). At least overhead for the low data rate case should be analysed further.

In RAN2 NR AH#1 meeting, it was agreed that working assumption on no RLC concatenation taken at RAN2#96 is confirmed (i.e. concatenation of RLC PDUs is performed in MAC). 
In this contribution, we discuss the details of SO based segmentation.
2      Discussion
As concatenation is not performed in RLC layer, it is natural that:

· When segmentation is not performed, a RLC PDU contains a full RLC SDU.

· When segmentation is performed, a RLC SDU is associated with multiple RLC PDUs sharing the same RLC SN. In this case, each RLC PDU contains a RLC SDU segment.
This is shown in Figure 1 below, where RLC SDU 1 is associated with RLC PDU with SN=1 (as an example), while RLC SDU 2 is segmented into two RLC SDU segments with the same SN=2.
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Figure 1: RLC PDU with and without segmentation
Proposal 1: If segmentation is not performed, a RLC PDU contains a full RLC SDU.

Proposal 2: If segmentation is performed, a RLC SDU is associated with RLC PDUs sharing the same RLC SN, with each RLC PDU containing a RLC SDU segment.
The next question is in case of segmentation, how the segmentation information is signaled. So far there are two options:
· Option A: signalling of Segmentation Flag (SF) and Last Segmentation Flag (LSF) e.g. [1]

 REF Ref_QC \h 
[2]. In this option, whenever segmentation is performed, SF is set and consequently, Segmentation Offset (SO) is signaled. Last Segmentation Flag (LSF) is set for the last segment so that reassembly can be performed in receiver accordingly.
· Option B: Framing Info (FI) like approach e.g. [3]

 REF Ref_Nokia \h 
[4]. In this option, similar to LTE, two bit Framing Info field indicates whether a RLC SDU is segmented at the beginning and/or at the end of the Data field. Specifically, the FI field indicates whether the first byte of the Data field corresponds to the first byte of a RLC SDU, and whether the last byte of the Data field corresponds to the last byte of a RLC SDU. Below is the relevant interpretation as in current LTE RLC specification:
· Table 6.2.2.6-1: FI field interpretation

	Value
	Description

	00
	First byte of the Data field corresponds to the first byte of a RLC SDU.

Last byte of the Data field corresponds to the last byte of a RLC SDU.

	01
	First byte of the Data field corresponds to the first byte of a RLC SDU.

Last byte of the Data field does not correspond to the last byte of a RLC SDU.

	10
	First byte of the Data field does not correspond to the first byte of a RLC SDU.

Last byte of the Data field corresponds to the last byte of a RLC SDU.

	11
	First byte of the Data field does not correspond to the first byte of a RLC SDU.

Last byte of the Data field does not correspond to the last byte of a RLC SDU.


FI=00 indicates that RLC SDU is not segmented, i.e. RLC PDU contains a full RLC SDU, while other cases indicate that RLC PDU contains a RLC SDU segment. Segmentation Offset (SO) field is only included when FI=10 or FI=11 (i.e. the first bit of FI field is 1). 
When comparing these two options, it can be seen that there are many similarities:
· Both options use 2 bits to indicate segmentation related information (except for SO which will be discussed later).

· Both options have two PDU formats, one with SO, the other without SO.

· From receiver perspective, the detection of RLC PDU format is based on a single bit. In Option A, the detection is based on Segmentation Flag (SF). In Option B, the detection is based on the first bit of FI field.

The key difference between the two options are that in Option A, SO field is always included for every RLC SDU segment, while in Option B, SO field is included for RLC SDU segment except for the 1st segment. Therefore Option B has the following benefits over Option A:

· Header overhead. Since SO field is not signaled for the 1st RLC SDU segment, there is less RLC header overhead in Option B.
· Transmitter side processing. To meet the challenging transmitter side timing requirement, implementations might prepare RLC PDUs in advance. However to prepare MAC PDU, segmentation is typically needed to fill up the resource. With option A, RLC header size should be changed on the fly to add additional SO field while in Option B, there is no need to change RLC header size for the 1st RLC SDU segment (but only modify related FI field accordingly). Therefore option B is friendly for transmitter side preprocessing of RLC PDUs.
Given above discussion, it is clear that Option B is preferable over option A.

Proposal 3: Segmentation Offset (SO) is only signaled when segmentation is performed on the corresponding RLC SDU and the RLC SDU segment is not the first segment.

Example AM PDU formats are shown below in Figure 2 and Figure 3 below. The fields D/C, P, SN, FI have the same meaning as in LTE. Field SO indicates the position of the segment in bytes within the original RLC SDU. When segmentation is performed on the corresponding RLC SDU and the current RLC SDU segment is not the first segment, PDU format in Figure 3 is used; otherwise PDU format in Figure 2 is used. Note that UMD PDU format can be designed in a similar manner.
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Figure 2: AMD PDU format without SO
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Figure 3: AMD PDU format with SO
Proposal 4: For a given RLC SN and given RLC mode (AM or UM), there are only two formats defined for RLC data PDU: one without segmentation offset and one with segmentation offset.
3      Conclusion
In this contribution, we discuss the details of SO based segmentation, and propose the following:
Proposal 1: If segmentation is not performed, a RLC PDU contains a full RLC SDU.
Proposal 2: If segmentation is performed, a RLC SDU is associated with RLC PDUs sharing the same RLC SN, with each RLC PDU containing a RLC SDU segment.
Proposal 3: Segmentation Offset (SO) is only signaled when segmentation is performed on the corresponding RLC SDU and the RLC SDU segment is not the first segment.
Proposal 4: For a given RLC SN and given RLC mode (AM or UM), there are only two formats defined for RLC data PDU: one without segmentation offset and one with segmentation offset.
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