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1 Introduction

In last RAN2 meeting, it was agreed that: 

SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. (Does not imply anything about location of concatenation). At least overhead for the low data rate case should be analysed further.
In this contribution, we will look at the issues on SO-based segmentation.
2 Discussion 

In contribution [1], SO-based solution is introduced in detail for cases without RLC concatenation. During the last meeting, however, RAN2 did not conclude whether to remove RLC concatenation function. If concatenation is kept in RLC, SO-based solution should also adapt to cover concatenation cases. So, we try to elaborate how SO-based solution can work with concatenation.

First, we give a RLC AMD PDU format example for concatenation case as below:
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Fig 1 RLC AMD PDU format for concatenation case

The differences of the above format to LTE RLC AMD PDU segment is that FI & RI fields are removed, and the meaning of SN/SO/LSF field is as below:

The SN field indicates the SN of the RLC SDU that the first byte of the data field corresponds to. 

The SO field indicates the position within the RLC SDU to which the first byte of the Data field of the AMD PDU corresponds to.

The LSF field indicates whether or not the last byte of the AMD PDU corresponds to the last byte of a RLC SDU.
Let us take the case in Fig 2 as an example. There are 5 RLC SDU arriving. To facilitate pre-processing, SN is associated to every SDU upon arriving in ascending order. Upon the first transmission, RLC SDU with SN = 0 is segmented and a RLC PDU with SN = 0, SO = 0, LSF = 0 is generated. Upon the second transmission, RLC SDU with SN = 2 is segmented, the second part of RLC SDU with SN = 0, RLC SDU with SN = 1, and the first part of RLC SDU with SN = 2 are concatenated to a new RLC PDU with SN = 0, SO = 222 and LSF = 0. The third transmission concatenates the second part of RLC SDU with SN = 2, RLC SDU with SN = 3 and 4, and the RLC PDU with SN = 2, SO = 333 and LSF =1 is generated. As we can see that the SNs of the consecutive 3 RLC PDU are 0, 0, 2. They are not in sequence. Then the question is how the peer know whether this is not due to packet loss and duplication. To identify whether the second RLC PDU is a duplication of the first RLC PDU, the peer need to compare the SN and the SO of the PDUs at the same time. To identify whether there is missing packet between the last two RLC PDUs, the peer needs to add a number n to the SN of the second RLC PDU, where n corresponds to the number of SDUs whose last byte is contained in the second RLC PDU. If SN plus n equals to the SN of the last RLC PDU, there is no PDU missing. 
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Fig 2 illustration of SO-based segmentation with concatenation
Proposal 1: RF field is removed from the RLC PDU header.
Proposal 2: If concatenation remains in RLC, adopt the abovementioned SO-based solution to cover concatenation case. 
Then another issue relates to the overhead of SO-based segmentation in low data rate case. A typical low data rate service is VoIP. The typical size of VoIP packet after ROHC is 10~24 bytes during silent period, and 35~49 bytes during activation period. In LTE, SO size is 2 bytes. Since SO field will exist in every RLC PDU header, the overhead of SO will be 8%~20% during silent period, and 4%~6% during activation period.
Proposal 3: RAN2 to agree that SO overhead in low data rate needs to be optimized.
For VoIP service, concatenation and segmentation may rarely be used. For example, VoIP packet arrive every 20ms. If SPS is used, the arrived packet will be scheduled to transmit every 20ms. So there is no concatenation. And the allocated size will accommodate one VoIP packet. So, there is no segmentation too. Then there is no need to transmit SO/LSF. For other low data rate cases (especially small data transmission), if concatenation function does not reside in RLC, segmentation may also be rare case and SO/LSF is not needed for most of the time. One simple way to solve the problem is to introduce a 1bit segmentation indication (SI) field in the PDU header to indicate whether PDU contains SDU segment (For SO-based solution, FI field is cancelled). If it contains, SO/LSF field will exist. Otherwise, SO/LSF field is absent.
Proposal 4: Introduce a SI field in RLC PDU header to indicates whether there is SDU segment in the data field.
Further, for some services, the majority of the packets are small packets (e.g. 100bytes), only a very small portion are larger packets. If such packets need to be segmented, it is unnecessary to use fixed 16bit SO length to accommodate all the cases. For small packets, 8 bit is enough. We can introduce a small data (SD) field to indicate whether the PDU relates to small SDU. If so, a shorted version of SO length (e.g. 8bit) is used. Otherwise, normal version of SO length (e.g. 16 bit) is used. A size threshold can be signalled to UE for the identification of small data. 
Proposal 5: Introduce a SD field in RLC PDU header to indicates whether the data field relates to small data. If so, shorted version of SO length is used.
3 Conclusions

Based on the discussion, our proposals are provided as follows:
Proposal 1: RF field is removed from the RLC PDU header.
Proposal 2: If concatenation remains in RLC, adopt the abovementioned SO-based solution to cover concatenation case. 

Proposal 3: RAN2 to agree that SO overhead in low data rate needs to be optimized.
Proposal 4: Introduce a SI field in RLC PDU header to indicates whether there is SDU segment in the data field.
Proposal 5: Introduce a SD field in RLC PDU header to indicates whether the data field relates to small data. If so, shorted version of SO length is used.
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