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1	Introduction
RAN2#95bis agreed the following [1]:
Agreements:
1. The ARQ will be supported in RLC.
2. In NR, the segmentation function is only placed in the RLC layer as in LTE.
[bookmark: _GoBack]3. 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.
4. Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled
5. PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case)

Contribution in [2] proposed a scheme where Tx RLC would create (by concatenating and segmenting RLC SDUs) in advance RLC PDUs which upon grant MAC would concatenate and RLC would segment the RLC PDU based on SO-based segmentation in real time.
In this contribution, issues caused by RLC concatenation to support SO-based segmentation for both segmentation and re-segmentation are discussed pertaining to the achievable benefits.
2	Discussion
SO-based segmentation is applied in LTE by AM RLC entity for re-segmenting RLC data PDUs into AMD PDU segments based on Re-segmentation and Last Segment Flags and Segment Offset field in the RLC PDU header. If the Re-segmentation flag is set, this indicates to the receiver the SO field and Last Segment Flag are present in the RLC PDU header and the PDU is an AMD PDU segment. LTE also supports segmentation of RLC SDU into AMD PDU based on Framing Info bits in the RLC PDU header. This complicates the transmitter operation when an AMD PDU segment is to be formed since both the FI (based on the resulted RLC SDUs/segments inside the AMD PDU segment) and SO-based (based on the portion of the original RLC PDU to form the AMD PDU segment) segmentation fields need to be encoded. In practice, the whole RLC PDU header needs to be re-generated in real time as also depending on the amount of RLC SDUs (or segments) inside the resulted AMD PDU segment, the header extension part (E and LI fields) needs to be re-encoded accordingly.
The agreement to support SO-based segmentation for both segmentation and re-segmentation as baseline for NR was an attempt to simplify this transmitter side operation to only consider the RLC PDU level segmentation upon a new transmission or a re-transmission. Thus, the LTE principle to consider both RLC SDU and RLC PDU level segmentation during re-segmentation does not comply with this target.
However, if the RLC was to also perform concatenation, different approaches could be considered as below. In the following we assume RLC PDU is generated offline before grant reception by concatenating multiple complete RLC SDUs.
1. On top of SO-based RLC PDU segmentation into AMD PDU segments, FI based RLC SDU segmentation is applied per AMD PDU segment (i.e., just like in LTE RLC PDU re-segmentation):
a. Pros:
i. RLC SDU reassembly is supported also from received AMD PDU segments, e.g., upon handover.
b. Cons:
i. This equals to LTE approach in terms of complexity in the transmitter when the re-segmentation is to be done as discussed above.
ii. As RLC concatenation was to minimize the amount of RLC PDUs inside the MAC PDU, transmitter cannot fully exploit the advantage of pre-created RLC PDUs/precomputed RLC PDU headers since upon (re-)segmentation a big part of the RLC PDU header may need to be re-generated.
2. Only SO-based RLC PDU segmentation into AMD PDU segments:
a. Pros:
i. Simplifies segmentation in the transmitter compared to LTE as RLC SDU level segmentation does not need to be cared about.
ii. Can take the advantage of pre-created RLC PDUs in the transmitter. RLC header extension part (E and LI fields) is not modified upon (re-)segmentation (could be placed only in the first segment or reproduced as such in each segment) – only a segmentation flag and MAC Length field need to be re-encoded on the fly.
iii. Simplifies RLC SDU reassembly as all the RLC SDUs can be reassembled from a single AMD PDU.
b. Cons:
i. If only the first segment conveys the RLC header extension part:
· Only after the first AMD PDU segment have been received, the receiver can compile complete RLC SDUs inside of any received AMD PDU segment. This can have severe data re-transmission impacts, e.g., during the handover execution, since the already completely received RLC SDUs that cannot be compiled from the received AMD PDU segment(s) are discarded
ii. RLC SDUs may thus be hold in the receiver’s RLC layer and cannot be submitted into PDCP for deciphering and reordering.
iii. If all the AMD PDU segments reproduced the RLC header extension part (E and LI fields):
· This might have extensive overhead implications when many RLC SDUs are to be concatenated into one RLC PDU which was the main reason to consider RLC concatenation in the first place.
As can be seen above, the Option 1 above does not comply with the target of simplifying segmentation for NR compared to LTE since the transmitter needs always to consider both RLC PDU level and RLC SDU level segmentation upon transmission as well as generate mostly the RLC PDU header again. Neither can it take the full advantage of the pre-created RLC PDUs/precomputed RLC headers which are also aimed with using the SO-based segmentation generally. 
Option 2 can simplify the segmentation, as well as enables exploiting pre-created RLC PDUs with the severe side effect that possibly many RLC SDUs may need to be re-transmitted upon handover as the receiver cannot compile the data fields inside an AMD PDU segment into RLC SDUs (e.g., when the first segment is missing). Comparing options 1 and 2, option 2 simplifies transmitter and receiver operation as only one segmentation concept needs to be supported; also the RLC SDU reassembly does not need to be performed considering multiple AMD PDUs.
By removing RLC concatenation, all the Pros above could be claimed to be supported while any of the listed Cons would not apply. I.e., segmentation can be simplified with supporting only SO-based segmentation, pre-created RLC PDUs can be maximally exploited, as well as no completely received RLC SDUs need to be re-transmitted after handover since an AMD PDU segment always corresponds to an RLC SDU segment.
Observation #1: With RLC concatenation, either the segmentation concept cannot be simplified for NR compared to LTE and transmitter cannot optimize processing by exploiting pre-created RLC PDUs or many RLC SDUs may need to be re-transmitted unnecessarily after handover.
Observation #2: By removing RLC concatenation, all advantages applying SO-based segmentation can be achieved.
Proposal #1: Concatenation is removed from RLC layer.
3	Conclusion
In this contribution we analysed the NR segmentation concept and made the following observations.
Observation #1: With RLC concatenation, either the segmentation concept cannot be simplified for NR compared to LTE and transmitter cannot optimize processing by exploiting pre-created RLC PDUs or many RLC SDUs may need to be re-transmitted unnecessarily after handover.
Observation #2: By removing RLC concatenation, all advantages applying SO-based segmentation can be achieved.
Based on this observation, the following proposal is made:
Proposal #1: Concatenation is removed from RLC layer.
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