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1 Introduction

During NR SI, in term of RLC segmentation, RAN2 agreed following 

SO-based segmentation can be considered for both segmentation and re-segmentation 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.

This contribution discussion aims to make progress further on segmentation function for NR.
2 Discussion
2.1 RLC segmentation in LTE
In LTE, the segmentation is done in RLC layer, which includes segmentation and re-segmentation for initial RLC PDU transmission and retransmission respectively. For segmentation, the relative parameters in the header are RF and FI. RF is the re-segmentation flag which indicates whether the RLC PDU is an PDU or PDU segment. The FI is the so-called framing information, which 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. The FI is a 2-bits field and the interpretation of the FI field is provided below:
Table 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.


The parameters related to the re-segmentation in the headers are LSF and SO. LSF is the last segment flag, which indicates whether or not the last byte of the AMD PDU segment corresponds to the last byte of an AMD PDU. SO is the segment offset, indicating the position of the AMD PDU segment in bytes within the original AMD PDU.
Observation 1 The RLC segmentation and re-segmentation in LTE are indicated by different header parameters respectively, requiring two different formats of RLC header. 
2.2 RLC segmentation in NR
In previous meeting for NR RLC layer discussions, 3 RLC modes (RLC-AM, UM and TM) are supported as for LTE today and several papers addressed whether to allow disabling RLC segmentation. Since it is obvious that segmentation is not applicable for RLC-TM, the question here is whether it should be allowed not to apply RLC segmentation for RLC-AM and/or UM. It’s should be noted that NR is required to support use cases with very low latency and high reliability, for these use cases, disabling RLC segmentation means that the packet from higher layer can be pre-processed without obtaining the uplink grant, which can decrease the latency. Of course, the padding bits should be added if there are spaces left in the granted resources. Also, we should avoid any deadlocks when small transport block can not fit large SDU.
Proposal 1 The RLC segmentation could be turned off by configuration for some use cases, e.g., URLLC. It’s FFS how to configure the RLC segmentation.
In RAN2#97, the working assumption on no RLC concatenation was confirmed. This means the RLC PDU will contain either a complete RLC SDU or partial RLC SDU (segmentation). No concatenation in RLC would facilitate pre-processing the RLC PDU, since it can be pre-created even before the reception of UL grant. For each pre-processing, it was agreed that SO-based segmentation can be considered for both segmentation and re-segmentation, since re-association of RLC SDU with RLC SN is not needed even when segmentation is performed for pro-processed RLC SDU. By achieving this, the RLC SDU is associated with only one RLC SN, which means all the segments (if any) from the same RLC SDU should associate with the same SN.
Proposal 2 The RLC segmentation is based on SDU and an RLC SDU (including SDU segments) can be associated with only one RLC SN.
By removing the concatenation from RLC layer, the PDU structure becomes easier than that in LTE. As shown in the following figure, there are four cases for NR RLC PDU, which are case 1 where there is no segmentation and Case2-4 where beginning/middle/end of RLC SDU is segmented. For the indication of segmentation, firstly, it’s obvious that the case 1 does not need SO field since SO is a 15 bits or 16 bits field as specified in LTE. Instead, a FI field with 2 bits can be used for indicating that a complete RLC SDU is included. Secondly, for the case 2, the RLC SDU segment is corresponding to the first part, if the SO is applied, it’s a all 0 bits field since the SO in this case indicates the begging of the original RLC SDU. Instead of a all 0 bits SO in the header, the FI could be reused to indicate the SDU segment is corresponding to the start of the original RLC SDU. In these cases, the FI field also indicate that there is no SO in the header. For case 3 and case 4, the SO field can not be avoided since the receiver side needs this information to reassemble the RLC SDU.
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Figure 1 NR RLC segmentation cases
Based on the discussion, we think the meaning of FI field in LTE can be reused in NR with further modification as following:
Table 2 New FI field interpretation
	Value
	Description

	00
	Contain complete RLC SDU without SO field in the header.

	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.
Without SO field in the header.

	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.


If the FI field can be reused in NR RLC PDU header, it’s not necessary to indicate whether the RLC PDU includes the last segment of the RLC SDU, since with FI=10, it can distinguish this case (case 4) from the other cases.
Proposal 3 The 2 bits FI field should be kept in NR RLC PDU header with the proposed interpretation.

Proposal 4 The SO field is not needed when RLC PDU contains either a complete RLC SDU or the first segment of a RLC SDU.
Proposal 5 The RLC header does not need to include the last segments indication for the last segmentation

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
The RLC segmentation and re-segmentation in LTE are indicated by different header parameters respectively, requiring two different formats of RLC header.
Proposal 1
The RLC segmentation could be turned off by configuration for some use cases, e.g., URLLC. It’s FFS how to configure the RLC segmentation.
Proposal 2
The RLC segmentation is based on SDU and an RLC SDU (including SDU segments) can be associated with only one RLC SN.
Proposal 3
The 2 bits FI field should be kept in NR RLC PDU header with the proposed interpretation.
Proposal 4
The SO field is not needed when RLC PDU contains either a complete RLC SDU or the first segment of a RLC SDU.
Proposal 5
The RLC header does not need to include the last segments indication for the last segmentation
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