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Introduction
According to the progress in RAN2#98 meeting, an agreement on RLC header format has been achieved, stating that the SO field should be included in both the middle and the last SDU segment for RLC AM and UM. After RAN2#98, an email discussion [98#39] [NR/UP] on RLC UM was setup including the design of header format when considering UM segmentation. This contribution gives further thoughts on RLC UM segmentation in order to optimize the RLC header format.
RLC UM Segmentation
Issues of SO-based method to RLC UM
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Based on TS36.322 [1], in E-UTRA, the RLC segmentation was only mentioned for RLC AM, and AMD PDU segments used FI and SO field to determine the sequence of the first, the middle and the last segments. According to the current progress of 3GPP, RAN2#98 has achieved an agreement that SO field should be included in both the middle and the last SDU segment for RLC AM and UM. The length and the sequence of each SDU segment was implicitly identified by SO field for correct reassembling. 
However, it lacks sufficient justification to apply the SO-based method to UM segmentation directly. In TS36.322, the SO-based method was adopted by RLC AM for which the ARQ mechanism is used. And ARQ mechanism required SO-based method to achieve functions including status reporting and re-transmission. But for RLC UM, there’s no function like status reporting or re-transmission. As a result, the main function achieved by SO field for UM segmentation is to determine the sequence of the first, the middle and the last SDU segments. 
Observation 1: The main function achieved by SO field for UM segmentation is to determine the sequence of the first, the middle and the last SDU segments.
Although in our opinion the SO-based method can achieve UM segmentation without any technical problem, the direct adaption of SO-based method to RLC UM needs further investigation. In E-UTRA, the size of SO field was 15/16 bits based on the configuration. And RAN2#98 has achieved an agreement that only one SO size is supported for NR. Consequently, if SO field is adopted by UM segmentation, at least 16-bit SO size should be guaranteed for future proof, let alone when the super jumbo frame (64kB) could be supported at PDCP. However, 16-bit SO size is too bit-consuming in the RLC header, especially for UM segmentation. 
Observation 2: SO-based method requires at least 16-bit SO field, which is too bit-consuming for RLC UM header.
Proposal 1: The direct adaption of SO-based method to RLC UM is not efficient and hence needs further investigation.
Segmentation Index (SI) based method for RLC UM
In order to reduce the overhead of SDU segment in UM, a new method to determine the sequence of the first, the middle and the last SDU segments is proposed instead of the SO-based method. In this contribution, a Segmentation Index (SI, for temporary use), which indicates the index number in sequence of the first, the middle and the last SDU segments, is introduced. Since it was agreed that RLC SN is always included in segmented SDUs, with the help of FI and SI, the same operation can be achieved as the original SO-based method.
Figure 1 shows a possible unified design on the header format of SDU segments using SI-based method for UM.  Generally speaking, the size of SI field is subject to the maximum number of segments for an RLC SDU, which is dependent on the maximum size of RLC SDU and the minimum size of TB. As shown in Figure 1, the maximum number of segments for an RLC SDU is assumed to be 256 (i.e. 2^8). Consequently, at least 1 byte for each first/middle/last SDU segment is saved if SI-based method is adopted, which effectively reduces the overhead of SDU segments, without causing any problem by replacing SO-based method.


Figure 1 An example of the header format of RLC SDU segment with SI-based method for UM
More specifically, there are two options for SI-based method to indicate different types of SDU segments:
Option 1: FI and SI field are presented for all types of SDU segments.
Option 2: Only FI is presented in the first SDU segment, and FI+SI for the middle and the last SDU segments.
In fact, Option 2 is a further optimization of Option 1, since it has been widely accepted that it is enough to use FI to indicate the first SDU segment. Table 1 gives an example of SI-based method to distinguish the first, the middle and the last SDU segments.
Moreover, the proposed SI-based method might also be applied to RLC AM. If the SI-based method in UM is accepted by RAN2, further discussion can be focused on the feasibility of application to AM, in order to achieve a unified method for both AM and UM.
Proposal 2: Suggest RAN2 to consider Segmentation Index based method instead of SO-based method for RLC UM.
Table 1 An example of FI+SI method to indicate different types of SDU segments
	Option 1
	Option 2

	No. of seg. for an SDU
	FI
	SI
	Indication
	No. of seg. for an SDU
	FI
	SI
	Indication

	2
	01
	0
	The first SDU segment.
	2
	01
	N/A
	The first SDU segment.

	
	10
	1
	The last SDU segment.
	
	10
	0
	The last SDU segment.

	3
	01
	0
	The first SDU segment.
	3
	01
	N/A
	The first SDU segment.

	
	11
	1
	The middle SDU segment.
	
	11
	0
	The middle SDU segment.

	
	10
	2
	The last SDU segment.
	
	10
	1
	The last SDU segment.

	N (N>3)
	01
	0
	The first SDU segment.
	N (N>3)
	01
	N/A
	The first SDU segment.

	
	11
…
	1
	The first middle segment.
	
	11
…
	0
	The first middle segment.

	
	11
	N-1
	The last middle segment.
	
	11
	N-2
	The last middle segment.

	
	10
	N
	The last SDU segment.
	
	10
	N-1
	The last SDU segment.
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Conclusions
In this contribution, further thoughts on RLC UM segmentation are given to minimise the header size for SDU segments. The proposals and observations are listed as follows:
Observation 1: The main function achieved by SO field for UM segmentation is to determine the sequence of the first, the middle and the last SDU segments.
Observation 2: SO-based method requires at least 16-bit SO field, which is too bit-consuming for RLC UM header.
Proposal 1: The direct adaption of SO-based method to RLC UM is not efficient and hence needs further investigation.
Proposal 2: Suggest RAN2 to consider Segmentation Index based method instead of SO-based method for RLC UM.
References
[1] 3GPP TS36.322 V14.0.0: E-UTRA; RLC protocol specification (Release 14)
image1.emf
SN

Data

...

Oct 3

Oct N

Oct 1

Oct 2

Segmentation Index

FI


oleObject1.bin
�

Segmentation Index


SN�

�

Data�

...


Oct 3


Oct N


Oct 1


Oct 2


FI�


