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Discussion and Decision
1      Introduction
In RAN2 email discussion [97#63][NR] SO segmentation, following were recommended by rapporteur [4]:
	Proposal1: As a baseline, segmentation is not disabled for RLC-AM and RLC-UM.

Proposal2: An RLC SDU can be associated with only one RLC SN, i.e., the byte segments from an RLC SDU can be associated with the same RLC SN.

Proposal3: Segmentation and re-segmentation is based on RLC SDU, i.e., SO field indicates byte position of the RLC SDU.

Proposal4: RLC header is to be designed in following principles:

- RLC header indicates if RLC PDU carries a complete RLC SDU or RLC SDU segments.

- RLC header does not include SO field if RLC PDU carries a complete RLC SDU.

- RLC header does not include SO field when the beginning of the RLC SDU is segmented.

- RLC header includes SO field when the middle or end of the RLC SDU is segmented.

- RLC header indicates whether the RLC PDU contains the end part of RLC SDU segment or not when the middle or end of the RLC SDU is segmented.

Recommendation:

Recommandation1: Discuss further the necessity to skip segmentation for some cases (e.g., high bit rate scenario and very low latency scenario).


In this contribution, we discuss further about SO based segmentation as well as whether disabling segmentation is allowed.
2      Discussion
2.1     SO based segmentation

As in email discussion, almost all companies have similar views on how RLC headers are designed related to segmentation (as in Proposal 4). However, the detailed RLC header design is not concluded. In this contribution, it is proposed to consider a Framing Info (FI) like approach e.g. [2]

 REF Ref_Nokia \h 
[3]. In this approach, 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). This approaches satisfied all the high level principles agreed in the email discussion.
Example AMD PDU formats are shown below in Figure 1 and Figure 2 below. Since the size of the SN and SO fields are not determined yet, the PDU formats are just examples to show how PDU formats can be designed based on SO based segmentation. 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 2 is used; otherwise PDU format in Figure 1 is used. Note that UMD PDU format can be designed in a similar manner.
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Figure 1: AMD PDU format without SO
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Figure 2: AMD PDU format with SO
Proposal 1: 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.
2.2     Disabling segmentation for certain cases

During the email discussion, companies have different views on whether segmentation should be always enabled or not. We agree that segmentation is needed if a RLC SDU cannot fit into a small TB size, or the radio resource waste is an issue for large ratio of padding. On the other hand, we also see the processing benefit of skipping segmentation for high data rates, provided that padding ratio is reasonably small.
For high data rate, supporting segmentation has some impact on both receiver and transmitter. For receiver, RAN2 agreed that RLC receiver performs reassembly and then delivers complete RLC SDUs to the PDCP layer. Since out-of-order deciphering of SDU segments is not supported, the receiver can only perform deciphering on a complete PDCP PDU. There are latency and/or processing issues, as analyzed in [1]. At transmitter side, some processing load due to segmentation could be removed when operating at high data rates..
Observation 1: Always enabling segmentation for high data rate has impacts on receiver and transmitter side processing.
It should be noted that when segmentation is not performed, there is no additional indication needed. The reason is that when segmentation is not performed, padding is added. MAC header can indicate the amount of padding.
Now we discuss the condition to disable segmentation. Considering typical IP packet size of 1500 bytes then the  average padding per MAC PDU will be 1500/2 = 750 bytes. For a transport block size of 20000 bytes, the average padding ratio is 750/20000=3.75%. Therefore one example of disabling segmentation is that for any transport block size larger than 20000 bytes, UE is allowed to disable segmentation.
Proposal 2: Segmentations can be disabled for some conditions (e.g. when TBS is larger than a threshold).

3      Conclusion
In this contribution, we discuss SO based segmentation as well as whether disabling segmentation is allowed, we have the following observation:

Observation 1: Always enabling segmentation for high data rate has impacts on receiver and transmitter side processing.
We propose the following:
Proposal 1: 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.
Proposal 2: Segmentations can be disabled for some conditions (e.g. when TBS is larger than a threshold).
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