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1 Introduction

During last RAN2#58bis meeting the byte based offset mechanism was agreed, ruling out the segment index proposal for the RLC PDU re-segmentation. The reason is that the segment index proposal cannot support unlimited re-segmentation and the re-segmentation of a segment without introducing additional overhead. The byte offset solution offers higher granularity and it allows multiple levels of re-segmentations on each segment without any additional overhead. At the same time the fixed overhead introduced by the offset is quite high: around 16 bits (15bits+LSI).

It has been commented in [2] that in a real situation, the number of RLC PDU segments is limited and small. But from the standardization point of view, the unlimited re-segmentation should be supported. We would like to propose a solution that includes all benefits of the offset solution of having infinite levels of re-segmentation at a reduced cost, in order not to waste 16 bits per segment when it is not needed as in the case of small number of segments. 

2 Discussion

In case of re-segmentation of RLC PDU an indication of the position or the sequence of the segments into the original RLC PDU is needed in order to correctly reorder RLC PDU segments and assemble RLC PDUs or RLC SDUs.

According to the existing solution one fixed size Offset of 16 bits is used to indicate the position of each segment in the original PDU/PDU payload [3]. It allows to support unlimited re-segmentation and to re-segment each segment independently, but a fixed overhead of 16 bits needs to be added to each segment. 

A parallel solution based on an adaptive and extendable mechanism is proposed in this contribution and shown in the figure1.
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Figure 1 - General description of the proposed solution

Basic elements of this mechanism are:

· One RI bit in the RLC PDU/ RLC PDU segment header to indicate if the RLC PDU is a segment or not

· LIi bits depending on the number of segments applied to the re-segmentation to indicate what we call “level” that does not refer to the number of re-segmentations, but mainly to the number of segments as explained in the example below 

· L/Ri bits to indicate the position of the segment in the relevant involved levels and to indicate the position into the original RLC PDU together with LIi bits

It is evident that the difference in the header between one level and the following one is only two bits more (one L/Ri and one LIi) and it helps to save radio resources in case of low number of segments and/or multiple levels of re-segmentations, which maybe the major case in real situation.

If for example we assume that an RLC PDU is involved in a first step of re-segmentation, which results in 4 segments, the total overhead can easily be calculated in the following way:

· In the TT1#1 the first segment of RLC PDU will be sent. It corresponds to PDU0 in the figure ( 2 bits of overhead

· In the TTI#2 the remaining part of RLC PDU which does not fit into the new TB will be further re-segmented and the second segment of RLC PDU will be sent ( PDU 10 in the figure ( 4 bits of overhead

· In the TTI#3 the remaining part of RLC PDU which does not fit into the new TB will be further re-segmented and the third segment of RLC PDU will be sent ( PDU 110 in the figure ( 6 bits of overhead

· In the TTI#4 the remaining part of the RLC PDU fits the TB size and does not need to be further split into two parts, so it corresponds to PDU 111 ( 6 bits overhead

The total overhead to transmit 4 segments is 2+4+6+6 = 18, whereas using the offset solution it would be 4*16=64 bits. 

Let’s assume now that the segment#2 is not successfully received and needs to be re-transmitted and re-segmented into two more segments. They will correspond to PDU 100 and 101 and only 6 bits of overhead will be added to each segment.

The following table shows the comparison in terms of overhead and number of segments between the offset solution and the proposed mechanism.

	# of segments per RLC PDU re-segmentation
	Offset solution
[bits]
	Proposed mechanism

[bits]

	2
	16*2=32
	2+2=4

	3
	16*3=48
	2+4+4=10

	4
	16*4=64
	2+4+6+6=18

	5
	16*5=80
	2+4+6+8+8=28

	6
	16*6=96
	2+4+6+8+10+10=40

	7
	16*7=112
	2+4+6+8+10+12+12=54

	8
	16*8=128
	2+4+6+8+10+12+14+14=70

	9
	16*9=144
	2+4+6+8+10+12+14+16+16=88

	10
	16*10=160
	2+4+6+8+10+12+14+16+18+18=108

	11
	16*11=176
	2+4+6+8+10+12+14+16+18+20+20=130

	12
	16*12=192
	2+4+6+8+10+12+14+16+18+20+22+22=154

	13
	16*13=208
	2+4+6+8+10+12+14+16+18+20+22+24+24=170

	14
	16*14=224
	2+4+6+8+10+12+14+16+18+20+22+24+26+26=198

	15
	16*15=240
	2+4+6+8+10+12+14+16+18+20+22+24+26+28+28=228

	16
	16*16=256
	2+4+6+8+10+12+14+16+18+20+22+24+26+28+30+30=250

	17
	16*17=272
	2+4+6+8+10+12+14+16+18+20+22+24+26+28+30+32+32= =284

	18
	16*18=288
	2+4+6+8+10+12+14+16+18+20+22+24+26+28+30+32+34+ +34=316

	19
	16*19=294
	2+4+6+8+10+12+14+16+18+20+22+ 24+26+28+30+32+34+ +36+36=354

	20
	16*20=310
	2+4+6+8+10+12+14+16+18+20+22+24+26 +28+30+32+34+ +36+38+38=394


As shown in the table above, the overhead of the proposed mechanism is smaller than the offset solution relevant overhead in all cases where the RLC PDU is split in less than 16 segments, which are foreseen to be the most common cases.  

Compared to the Offset based solution, it allows to uniquely identify each segment and its position into the original RLC PDU as for the offset mechanism, but at the same time the overhead varies according to the number of segments. Furthermore compared with the Segment index solution, in case of re-segmentation of the same segment, the overhead increase is very low and unlimited number of re-segmentations is easily supported, although the most common case will be to have a limited number of segments and number of re-segmentations.

3 Conclusions 

We kindly ask to RAN2 to consider the explained mechanism and evaluate the relevant described benefits. If RAN2 agree with our analysis, we also ask to review the decision on the offset mechanism at this early stage when the re-segmentation is not still fully defined (e.g. re-segmentation object and segment’s header still under discussion).
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