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1. Introduction
One agreement in the RAN2 55 is that the re-segmentation should be supported. But whether re-segment the RLC PDUs or RLC SDUs is FFS. And the limited or un-limited re-segmentation level is also open. This contribution does some further discussion on the re-segmentation in LTE.
2. Re-segmentation proposals 

Retransmission based on the RLC SDU or RLC PDU is not decided. But the latter helps to increase the retransmission efficiency. Then we have the following proposal:

Proposal 1:  the retransmission unit is RLC PDU and the re-segmentation is applied to RLC PDU.

To decrease the complexity, we have the following proposal 2 and 3:

Proposal 2: the re-segmentation level applied to RLC PDU or its segment is limited. 

Proposal 3: the re-segmentation time to the original RLC PDU is limited. 

According to proposal 2,3, after the maximum permitted re-segmentation level/time, the following further re-segmentation should be return back to the previous segment or directly back to the original RLC PDU. In this scenario, because the further re-segmentation maybe in different size in the transmitter, so some already received segments in the receiver maybe no use. The transmitter must notify this information to the receiver so that the receiver can discard some received segments and start new reception. This scenario is described in fig. 1.

Proposal 4: after the maximum level of re-segmentation, the further re-segmentation should go back to the previous segment or directly back to the original RLC PDU

Proposal 5: The transmitter should notify the receiver about the new re-segmentation application scenario after the maximum number of re-segmentation to avoid the wrong re-assemble process.
3. Re-segmentation description based on binary tree structure

According to above-mentioned discussion, we use the following binary tree to describe the re-segmentation process shown in fig. 1. The fig.1 assumes the three re-segmentation level is permitted. 
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Fig. 1 Re-segmentation process with 3 permitted re-segmentation level for explanation
The fig. 1 shows 3 permitted re-segmentation level scenario. The special case with only one re-segmentation level is shown in the appendix. 
4. Header structure for re-segmentation
According to the binary-tree structure, two kinds of information are needed to locate each segment: the re-segmentation level/time and the left/right part in each re-segmentation. Thus the following three fields shown in fig. 2 are necessary for this purpose. 
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Fig. 2 header structure for re-segmentation scenario.
· SN: sequence number. 

Proposal 6: the SN of the original RLC PDU should keep unchanged in the re-segmentation process.

· Segmentation Time (ST):  fixed length, which does not only indicate the re-segmentation number, but also indicates the re-segmentation level. The permitted re-segmentation level/time determines the length of this field. As proposal 2 and 3, the ST size could be a fixed length. The scheme to set ST Field is shown in fig.3, where the ST value is increased as the segmentation level/time increasing.

· Segment ID (SI): this field is dynamic length and is used to indicate each segment. Because of the dynamic re-segmentation in LTE, the length of SI is dynamic. And the Value of ST field determines the length of SI field.

· LEN: fixed length which is used to indicate the length of the segment. This field is determined by the maximum TBS in LTE. 

The rule to set the ST and SI field is shown in fig. 3 for explanation. 
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Fig. 3 ST, SI field setting rule for 3-permitted level re-segmentation scenario for explanation

For higher permitted re-segmentation level/time, we should use high number of ST field. While SI field is not changed. For example, 3-bits ST can be used for 8 re-segmentation-level/time scenarios. For the only 1 level re-segmentation scenario, the definition of the ST and SI field is shown in appendix.
5. Conclusion
In this document, an adaptive and simple re-segmentation and header structure is proposed to satisfy the LTE requirements. We hope this content can be discussed and agreed as the work direction. 
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Appendix: Only 1 level re-segmentation scenario description.

The only one-level re-segmentation scenario is shown in fig.4 
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Fig. 4 binary tree structure based re-segmentation description (only one-level)

According to fig. 1, in the first TTI, the original RLC PDU is re-segmented into two sections: RLC PDU-1 and RLC –PDU2, with the RLC PDU-1 sent in this TTI. In the second TTI, the re-segmentation is applied again to the RLC PDU-2, which is parted into two sections: RLC PDU-21 and RLC PDU-22 and the RLC PDU-21 is sent in this TTI. This procedure continues till all the segments are sent.

In the 1-level re-segmentation scenario, the ST, SI field definition is as following:

· Segmentation Time (ST):  fixed length, which is used to indicate the re-segmentation time. For example, 2 bits ST corresponds to maximum 4 number of re-segmentation. 

· Segment ID (SI): this field is used to indicate each segment. For the one-level re-segmentation, the SI is only 1 bit. 
· LEN: the length of the segment. For the original RLC PDU, the LEN field is not used. 
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Fig. 5 special case with only 1 level of re-segmentation.
We can see the only small number of header is needed for the re-segmentation scenario. The binary structure can be easily adaptive to high-level re-segmentation scenario. For the more than one-level re-segmentation, the ST and SI definition can be found in appendix.
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