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1 Introduction

The email discussion on SO segmentation has been arranged after RAN2#97, and some consensus have been made during the email discussion. However, there are still some open issues for study. The intention of this contribution is to share some further analysis on the segmentation in RLC.

2 Consideration on the segmentation in RLC
Lots of discussion have been made on the RLC segmentation in the email discussion [97#63][NR] SO segmentation. And during the email discussion, all the companies agreed that an RLC SDU can be associated with only one RLC SN. 
In LTE four kind of RLC data PDU have been defined in LTE as follow:
· TMD PDU: TMD PDU is used to transfer upper layer PDUs by a TM RLC entity.

· UMD PDU: UMD PDU is used to transfer upper layer PDUs by an UM RLC entity.

· AMD PDU: AMD PDU is used to transfer upper layer PDUs by an AM RLC entity. It is used when the AM RLC entity transmits (part of) the RLC SDU for the first time, or when the AM RLC entity retransmits an AMD PDU without having to perform re-segmentation.
· AMD PDU segment: AMD PDU segment is used to transfer upper layer PDUs by an AM RLC entity. It is used when the AM RLC entity needs to retransmit a portion of an AMD PDU.

According to the definition given in LTE, the RLC SN is the sequence number of UMD or AMD PDU, and one RLC SDU can only be associated with one RLC SN means one RLC SDU can only be associate one UMD PDU or AMD PDU.

Observation 1: For AM/UM RLC, one RLC SDU can only be associated with one RLC SN means one RLC SDU can only be associate one UMD/AMD PDU.

Considering the concatenation has been removed from RLC, one UMD/AMD PDU can include only one RLC SDU as well. Also considering there is no RLC header in TM mode, and TMD PDU always refers to one TM RLC SDU, we give our proposal as:

Proposal 1: For AM/UM/TM RLC, each RLC SDU should be encapsulated into one AMD PDU/UMD PDU/TMD PDU.

In LTE, the segmentation for UM RLC refers to the segmentation of UM RLC SDU, and one RLC SDU can be associate with multiple UM RLC SDU. However, since companies agree that “an RLC SDU can be associated with only one RLC SN”, one new kind of RLC data PDU should be introduced as UMD PDU segment. In addition, similar as the definition of AMD PDU segment, the UMD PDU segment refers to a portion of UMD PDU.
Proposal 2: “UMD PDU segment” should be introduced in NR as another kind fo RLC data PDU. The  “UMD PDU segment” refers to a portion of an UMD PDU.
According to the agreements captured in TR 38.804, both the segmentation and re-segmentation should be supported in NR for the AM RLC.  The model of AM RLC in LTE given in 36.322 can be found as follow:
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Figure 1: Model of AM RLC in LTE
It can be observed in the model above, that two data buffer will exist in the RLC entity: Transmission buffer and Re-transmission buffer. Basically, whenever the RLC SDU is received from the higher layers (i.e. PDCP), the RLC SDU will be stored in the transmission buffer. And once the RLC SDU has been processed to be an AMD PDU, the generated AMD PDU will be stored in the re-transmission buffer and the oringal RLC SDU will be removed from the transmission buffer, which means that once the AMD PDU is generated, the related RLC SDU will be removed form the transmission buffer.
Observation 2: For the AM RLC, once the AMD PDU is generated, the generated AMD PDU will be stored in the re-transmission buffer and the related RLC SDU stored in transmission buffer will be removed.

For the AM RLC, based on proposal 1 that each RLC SDU should be encapsulated into one AMD PDU, there is no need to process segmentation before the AMD PDU is generated. In order to have a unique operation for both segmentation and re-segmentation, we given our proposal as:
Proposal 3: For the AM RLC, the input of both segmentation and resegmentation should be AMD PDU, and the output should be AMD PDU segment.

Lots of discussion have been made in the email discussion on whether the segmentation is based on RLC SDU or RLC PDU. In LTE, the term “segment the AMD PDU” refer to “form a new AMD PDU segment” and the operation on “form a new AMD PDU segment” is described as follow:
-------------------------------------------------- from 36.322 start------------------------------------------------------------

When forming a new AMD PDU segment, the transmitting side of an AM RLC entity shall:

-
only map the Data field of the original AMD PDU to the Data field of the new AMD PDU segment;

-
set the header of the new AMD PDU segment in accordance with the description in sub clause 6.;

-
set the P field according to sub clause 5.2.2.

-------------------------------------------------- from 36.322 end------------------------------------------------------------------

Based on the description above, it can be observed that, even in LTE, the term “segment the AMD PDU” means “only map the Data field of the original AMD PDU to the Data field of the new AMD PDU segment”, which is quite the same as the meaning of segment a RLC SDU. Since we have agreed to take LTE as baseline, we propose to reuse the description of segment operation defined in LTE.
Observation 3: The description given in LTE on how to forming a AMD PDU segment can be reused as baseline that “RLC only map the Data field of the original AMD PDU to the Data field of the new AMD PDU segment”.
Proposal 4: When forming a new AMD PDU segment based on the AMD PDU, RLC only map the Data field of the original AMD PDU to the Data field of the new AMD PDU segment.
In order to indicate the position of AMD PDU segment within the oringal AMD PDU, the SO field is introduced in LTE, and the definitino of SO field is defined as follow:
--------------------------------------------------- from 36.322 start--------------------------------------------------------------

The SO field indicates the position of the AMD PDU segment in bytes within the original AMD PDU. Specifically, the SO field indicates the position within the Data field of the original AMD PDU to which the first byte of the Data field of the AMD PDU segment corresponds to. The first byte in the Data field of the original AMD PDU is referred by the SO field value "000000000000000" or "0000000000000000", i.e., numbering starts at zero.

--------------------------------------------------- from 36.322 end---------------------------------------------------------------

Sicne we have already agree to take LTE as baseline, we propose to reuse the SO field defined in LTE to indicates the position of the AMD PDU segment within the Data field of the original AMD PDU, and take the definition given in LTE as baseline.
Proposal 5: The SO field defined in LTE shall be reused to indicate the position of the AMD PDU segment within the Data field of the original AMD PDU.
In LTE, in order to re-assemble the RLC SDU, FI field is introduced as follow:
---------------------------------------------------- from 36.322 start------------------------------------------------------------

The FI 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. The interpretation of the FI field is provided in Table 6.2.2.6-1.

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.


----------------------------------------------------- from 36.322 end---------------------------------------------------------

In NR, since we still need to re-assemble the RLC SDU (i.e. data field in AMD PDU), the FI information is still required. In addition, for the different value of FI, the requirement on the presence of SO field is shown as follow:
	FI Value
	Requirement on the presence of SO field

	00
	SO field is not required (SO = 0)

	01
	SO field is not required (SO = 0)

	10
	SO field is required

	11
	SO field is required


Proposal 6: The FI field defined in LTE should be reused in NR and whenever the FI indicate “First byte of the Data field does not correspond to the first byte of a RLC SDU” (i.e. FI = 10 or 11), the SO field should be included in the RLC header.
3 Conclusion

RAN2 is kindly asked to discuss and adopt the following observations and proposals:

Observation 1: For AM/UM RLC, “one RLC SDU can only be associated with one RLC SN” means one RLC SDU can only be associate with one UMD/AMD PDU.

Proposal 1: For AM/UM/TM RLC, each RLC SDU should be encapsulated into one AMD PDU/UMD PDU/TMD PDU.

Proposal 2: “UMD PDU segment” should be introduced in NR as a new type fo RLC data PDU. The  “UMD PDU segment” refers to a portion of an UMD PDU.

Observation 2: For the AM RLC, once the AMD PDU is generated, the generated AMD PDU will be stored in the re-transmission buffer and the related RLC SDU stored in transmission buffer will be removed.

Proposal 3: For the AM RLC, the input of both segmentation and resegmentation should be AMD PDU, and the output should be AMD PDU segment.

Observation 3: The description given in LTE on how to forming a AMD PDU segment can be reused as baseline that “RLC only map the Data field of the original AMD PDU to the Data field of the new AMD PDU segment”.

Proposal 4: When forming a new AMD PDU segment based on the AMD PDU, RLC only map the Data field of the original AMD PDU to the Data field of the new AMD PDU segment.

Proposal 5: The SO field defined in LTE shall be reused to indicate the position of the AMD PDU segment within the Data field of the original AMD PDU.
Proposal 6: The FI field defined in LTE should be reused in NR and whenever the FI indicate “First byte of the Data field does not correspond to the first byte of a RLC SDU” (i.e. FI = 10 or 11), the SO field should be included in the RLC header.
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