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1 Introduction
In RAN2#95BIS meeting, RAN2 reached the following agreement on 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.

Based on the above agreement, we provide overhead analysis on Framing Info (FI)-based segmentation and Segment Offset (SO)-based segmentation for low data rate cases.
2 Discussion
In this contribution, we first describe, in some detail, the header format for FI-based segmentation and SO-based resegmentation in LTE. For AMD PDU with 10 bit SN and 16 bit SN, fixed overhead parts are 2 and 3 bytes, respectively. For AMD PDU segment with 10 bit SN and 16 bit SN, fixed overhead part are 4 and 5 bytes.
	Format
	AMD PDU
	AMD PDU segment

	Field (bits)
	10 bit SN
	16 bit SN
	10 bit SN
	16 bit SN

	D/C
	1
	1
	1
	1

	RF
	1
	1
	1
	1

	P
	1
	1
	1
	1

	FI
	2
	2
	2
	2

	E
	1
	1
	1
	1

	R1
	0
	2
	0
	1

	SN
	10
	16
	10
	16

	LSF
	0
	0
	1
	1

	SO
	0
	0
	15
	16

	Total
	16
	24
	32
	40


Table 1. RLC AM header
Then we show how FI-based segmentation and SO-based resegmentation works for one RLC SDU in LTE. In Figure 1, one RLC SDU is fragmented into two segmented SDUs which have individual RLC SNs with appropriate FI fields, i.e. FI = 01 and SN = 0 for 1st segment and FI = 10 and SN = 1 for 2nd segment. If the resegmentation is required at retransmission, LSF and SO field is additionally attached and set to appropriate value.
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Figure 1. FI-based segmentation and SO-based resegmentation in LTE
We show an example header format about SO-based segmentation in Table 2 and Figure 2 to show how SO-based segmentation works in NR. The same size of segmented SDU with the previous LTE case in Figure 1 is assumed in the example. The figure shows that SO-based segmentation can perform the same level of segmentation as LTE, however, 2 Bytes of overhead will be added.
	Format
	AMD PDU

	Field (bits)
	10 bit SN
	16 bit SN

	D/C
	1
	1

	RF
	1
	1

	P
	1
	1

	FI
	0
	0

	E
	1
	1

	R1
	2
	3

	SN
	10
	16

	LSF
	1
	1

	SO
	15
	16

	Total
	32
	40


Table 2. NR header
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Figure 2. SO-based segmentation and resegmentation in NR
We consider the fields in fixed header part which are listed in Table 1 & 2. From the 2 Tables, extra 2 bytes (16 bits) overhead is observed when segmentation is performed.
Observation 1: When segmentation is performed, 2 bytes (16 bits) overhead is observed in SO-based segmentation.
With the observation 1, we continue on overhead analysis. We focus on the cases in low data rate and we assume that there is always segmentation in low data rate case, so the SO field is always present in SO-based segmentation. We use one RLC SDU for overhead analysis.
The following figures are for the overhead ratio for FI-based (LTE) segmentation and SO-based (NR) segmentation under different data rates. We assume that one TB is transmitted per TTI, x-axis is the size of transmitted TB in bits.

Figure 1. Overhead ratio for FI-based (LTE) and SO-based (NR) segmentation when using 10 bit SN

Figure 2. Overhead ratio for FI-based (LTE) and SO-based (NR) segmentation when using 16 bit SN
The header part consumes fixed number of bytes in TB size. When data rate is lower, the percentage of fixed header part becomes larger and the data payload part will be smaller. As the figures show, when data rate is very low (100 Kbps), the difference of overhead ratio between FI-based (LTE) and SO-based (NR) segmentation can up to 16%. As data rate increases, the difference diminishes.
Observation 2: The overhead ratio can reach up to 16% when data rate is very low (100 Kbps), but the difference diminishes as data rate increases.
Accordingly, we propose the following.
Proposal 1: SO-based segmentation should not be used for low data rate case.
Proposal 2: RAN2 is requested capture the overhead analysis and adopt Text Proposal in Section 4.

3 Conclusions
In this contribution, we discuss the overhead issue of SO-based segmentation for NR UP. Our observations and proposals are summarized below.
Observation 1: When segmentation is performed, 2 Bytes (16 bits) overhead is observed in SO-based segmentation.
Observation 2: The overhead ratio can reach up to 16% when data rate is very low (100 Kbps), but the difference diminishes as data rate increases.
Proposal 1: SO-based segmentation should not be used for low data rate case.
Proposal 2: RAN2 is requested capture the overhead analysis and adopt Text Proposal in Section 4.
4 Text proposal
Annex B:
Summary of Layer 2 functional changes from LTE
B.1	Rationale behind SO based segmentation
For SO-based segmentation, significant overhead is observed at low data rates as shown in Figure X and Figure Y.

Figure X. Overhead ratio for FI-based (LTE) and SO-based (NR) segmentation when using 10 bit SN

Figure Y. Overhead ratio for FI-based (LTE) and SO-based (NR) segmentation when using 16 bit SN
Editor’s note:	At least overhead for the low data rate case should be analysed further.
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