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1 Introduction

The purpose of this contribution is to address the issue of RLC PDU re-segmentation, investigate and compare the possible ways to segment the RLC PDU and the relevant segment’s header structure.

2 Discussion

In case of re-segmentation for re-transmission of an RLC PDU, there are mainly two possible ways to proceed:

· case 1: to re-segment the full RLC PDU, including its original header

· case 2: to re-segment only the payload of the original RLC PDU

In both cases two types of information have to be carried:

· information A on the position of the RLC PDU segment into the original RLC PDU ( this info is needed in order to correctly re-order RLC PDU segments to re-assemble RLC PDU/SDUs from RLC PDU segments

· information B on the RLC SDUs borders into the RLC PDU/RLC PDU segments ( necessary in order to re-assemble RLC SDUs

As explained in the following sub-sections the information B can be carried either in the header of each segment or into the original RLC PDU’s header encapsulated in the first segment according to the preferred case. In both cases a new header has to be added to each RLC PDU segment to contain information A. 

Note that for “information A” we intend the fields for the re-segmentation mechanism, e.g. Offset plus LSI (Last Segment Indicator) or all other alternative information with the purpose to uniquely identify the position of the segment in the RLC PDU. 

For “information B” we refer to the agreed field SI (Segmentation Indicator) in the RLC PDU header and to the LI (Length Indicator) of each concatenated SDU or SDU segment as described in [1].

In the following sections the two possible structures in the two mentioned cases are explained in more detailed and benefits and drawbacks of both mechanisms are discussed.

2.1 Case 1: Re-segmentation of the whole original RLC PDU

According to this mechanism, the original RLC PDU header (containing the information B on the RLC SDU borders into the original RLC PDU) is encapsulated in the first segment and a new header (with information A) is added to each segment.

Let’s assume that an RLC PDU composed by 3 concatenated parts (last segment of SDU1, SDU2 and first segment of SDU3) is re-segmented into two segments. According to the last agreements in [1] the original RLC PDU header will contain the fields in the figure below. The RI (Resegmentation Indicator) field has not been agreed yet, but in the following analysis is considered necessary and then included in the header.

In case1 the information A needs to be added per each segment and the information B can be encapsulated into the first segment only. The other info (SN and RI) are re-used and RI is set accordingly to indicate re-segmentation and they are contained per every segment. A possible header structure is shown in the figure below.
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Figure 1: Case 1: re-segmentation of the whole RLC PDU

Note that the Length indicator of each segment (LEN) can be saved in case the optimization on the number of LI for RLC PDU is considered. According to the proposed optimization the LI of a RLC PDU which contain only an SDU or SDU segment can be saved, since it is a redundant info together with the Length indicator of the MAC SDU in the MAC header (L).

Benefits:
· Information B is encapsulated in the first segment without any modification

· Reduced overhead of all segments (except the first one, which has a longer header) compared to case 2. This benefit increases together with the number of segments, whereas the overhead difference is negligible for small number of segments.
Drawbacks:

· Segments are not self-decodable:

· The RLC PDU assemble is mandatory at the Rx side before decoding
· Inter-dependence of the contents of all segments with the first one and discard of all other segments if the first one is not correctly received
2.2 Case 2: Re-segmentation of the RLC PDU payload only

Another feasible mechanism is to apply re-segmentation only to the RLC PDU payload. In this case the header of each segment contains not only information A on the position of the segment into the original RLC PDU, but also information on its payload structure and possible SDU borders contained in the segment. The header of each segment should be reconfigured in the following way:
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Figure 2: Case 2: re-segment the RLC PDU payload
Note that in this case the information B (borders of SDUs) cannot be re-used as it is since it refers to the borders into the original RLC PDU. A new information B is configured in order to refer to the payload of each segment. SI and LI are reconfigured in such a way that SI refers to the structure of the payload in the segment and LI indicates the length of the RLC SDU/RLC SDU segment contained in the RLC PDU segment, not in the original RLC PDU.

As a consequence the length of the segment is not needed in the RLC PDU header. According to the possible optimization for RLC PDU header, the last LI field can in this case be saved, using the Length Indicator (L) of the MAC SDU in the MAC header.

Also note that D/C and P fields are not taken into account in this contribution and in case RAN2 agree on their presence in the RLC PDU header, they should also be included in the header of each segment for case2.

Benefits:

· Every segment is self-decodable:

· The RLC PDU assembling is not necessary at the Rx side before decoding
· The RLC PDU segment can be treated as a normal RLC PDU and corresponding operations can be applied. In particular there is no need to re-assemble the RLC PDU and only RLC SDU re-assemble should be taken into account (please note that in this case the 3GPP specs should be aligned to include this point).

· No discarding of the whole RLC PDU in case of loss of some segments ( increase the Uu transmission efficiency because only small number of RLC SDU is lost due to RLC PDU segment loss. 
Drawbacks:
· Information B is not simply added to every segment, since the LI needs to be re-written according to the new SDU borders in the segment itself without referring to the SDU borders in the RLC PDU

· Small increase of the total overhead, but only for high number of segments
3 . Conclusions 

Two different ways to perform re-segmentation have been described and compared. Due to the advantage of having self-decodable RLC PDU segments, we propose to apply the re-segmentation mechanism only to the payload of the original RLC PDU and to reconfigure the header of each segment as described in section 2.2. 
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