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Introduction
This contribution addresses the remaining issues with regards RLC PDU creation and SDU/PDU discard depending on when the RLC PDU is created.
[bookmark: _Ref178064866]Discussion
RLC PDU creation 
In LTE, RLC PDUs are created upon request of lower layers. In NR, RAN2 has agreed that the UE can create RLC PDUs even if it has not been requested by lower layers. 
“Each RLC SDU is used to construct an RLC PDU without waiting for notification from the lower layer (i.e., by MAC) of a transmission opportunity”
While RAN2 has agreed to give more freedom to the UE for when to create the RLC PDU, the current NR RLC specifications preclude an UE implementation to behave as in LTE. In other words, a behaviour in which an RLC PDU is constructed upon request from lower layers should be allowed. 
Thus, we propose that RLC PDU creation is modelled as in LTE and a note is added so that some pre-processing is allowed. As a result, the resulting specification text also entail that a consistent UE behaviour is described; not entirely dependent on UE implementation only. 
[bookmark: _Toc494367042][bookmark: _Toc494367069][bookmark: _Toc494367091][bookmark: _Toc494390009][bookmark: _Toc492629242][bookmark: _Toc494357492][bookmark: _Toc494361176][bookmark: _Toc494394333][bookmark: _Toc494367043][bookmark: _Toc494367070]A RLC PDU creation shall be modelled as in LTE i.e. a RLC PDU is created when a transmission opportunity is indicated by lower layers.
[bookmark: _Toc494367092][bookmark: _Toc494390010][bookmark: _Toc494394334][bookmark: _Toc494357493][bookmark: _Toc494361177][bookmark: _Toc494367044][bookmark: _Toc494367071][bookmark: _Toc494367093]A note is added to indicate that RLC PDUs can be pre-created and only delivered to lower layers when a transmission opportunity is signalled.
The fact that the RLC entity can create RLC PDUs before a transmission opportunity is notified impacts the RLC state variables (TX_NEXT) and the SDU discard procedures, which we discuss more in the following. 
SDU and PDU discard procedure
The discard function applies only to SDUs and not to PDUs. If the UE can create RLC PDUs even if the MAC entity did not indicate a transmission opportunity, the RLC state variable TX_NEXT, i.e. the sequence number, is incremented by one.
If PDCP indicates to RLC to discard a certain PDCP PDU, the RLC entity discards the corresponding RLC SDU but it will have to ensure to discard the RLC PDU which was created, given that this RLC SDU or a segment of it had not yet been transmitted. Discarding RLC PDUs creates SN gaps. SN gaps are especially undesirable for RLC AM as SN gaps eventually trigger RLC status reports and impact the receiver window. 
These issues only occur when the RLC PDU is constructed before requested by lower layers. Thus, any solution for implementations which build RLC PDUs in advance shall not impact the receiver side.
[bookmark: _Toc494367045][bookmark: _Toc494367072][bookmark: _Toc494367094][bookmark: _Toc494390011][bookmark: _Toc494394335][bookmark: _Toc494367046][bookmark: _Toc494367073][bookmark: _Toc494367095]Pre-creation of RLC PDUs before a transmission opportunity is indicated by lower layers shall not impact the receiver side. 
There are two options to deal with when an RLC PDU is discarded: 
1) the peer RLC entity should be informed to avoid RLC SN gaps
2) the UE updates the RLC state variables and all the sequence numbers of already previously constructed subsequent RLC PDUs to avoid creating gaps.
Considering the additional signalling, complexity and impact in the receiver side, option 1) is not desirable. Thus, the transmitter side should take care of resolving the issues created by constructing a RLC PDU ahead of time, before a transmission opportunity is indicated by lower layers.
[bookmark: _Toc494357494][bookmark: _Toc494367047][bookmark: _Toc494367074][bookmark: _Toc494367096][bookmark: _Toc490054774][bookmark: _Toc490054775][bookmark: _Toc490054776][bookmark: _Toc490054777][bookmark: _Toc490054778][bookmark: _Toc492629244][bookmark: _Toc494357496][bookmark: _Toc494361179][bookmark: _Toc494367049][bookmark: _Toc494367076][bookmark: _Toc494367098][bookmark: _Toc494390012][bookmark: _Toc489611711][bookmark: _Toc489874098][bookmark: _Toc489883541][bookmark: _Toc489883544][bookmark: _Toc490044939][bookmark: _Toc490054779][bookmark: _Toc490222907][bookmark: _Toc490223112][bookmark: _Hlk490054704][bookmark: _Toc494394336]When discard is indicated by the PDCP, the RLC entity shall discard the indicated RLC SDU and corresponding RLC PDU(s) in the following two situations:
a. [bookmark: _Toc494361180][bookmark: _Toc494367050][bookmark: _Toc494367077][bookmark: _Toc494367099][bookmark: _Toc494390013][bookmark: _Toc494357497][bookmark: _Toc492629245][bookmark: _Toc494394337]When neither RLC SDU nor any of the RLC SDU segments has been mapped to an RLC data PDU (as in LTE), or
b. [bookmark: _Toc494361181][bookmark: _Toc494367051][bookmark: _Toc494367078][bookmark: _Toc494367100][bookmark: _Toc494390014][bookmark: _Toc494394338] When RLC SDU or any of the RLC SDU segments has been mapped to an RLC data PDU, but none of the RLC data PDUs has been delivered to lower layers.
[bookmark: _Toc494367052][bookmark: _Toc494367079][bookmark: _Toc494367101][bookmark: _Toc494367053][bookmark: _Toc494367080][bookmark: _Toc494367102][bookmark: _Toc494367054][bookmark: _Toc494367081][bookmark: _Toc494367103][bookmark: _Toc492629249][bookmark: _Toc494357501][bookmark: _Toc494361186][bookmark: _Toc494367056][bookmark: _Toc494367083][bookmark: _Toc494367105][bookmark: _Toc494390015][bookmark: _Toc494394339]Upon discard of RLC PDUs, the UE shall update the RLC state variables (TX_NEXT) and the SN of the remaining pre-constructed RLC PDUs to avoid SN gaps.

Conclusions
Based on the discussion in section 2 we propose the following:
Proposal 1	A RLC PDU creation shall be modelled as in LTE i.e. a RLC PDU is created when a transmission opportunity is indicated by lower layers.
Proposal 2	A note is added to indicate that RLC PDUs can be pre-created and only delivered to lower layers when a transmission opportunity is signalled.
Proposal 3	Pre-creation of RLC PDUs before a transmission opportunity is indicated by lower layers shall not impact the receiver side.
Proposal 4	When discard is indicated by the PDCP, the RLC entity shall discard the indicated RLC SDU and corresponding RLC PDU(s) in the following two situations:
a.	When neither RLC SDU nor any of the RLC SDU segments has been mapped to an RLC data PDU (as in LTE), or
b.	When RLC SDU or any of the RLC SDU segments has been mapped to an RLC data PDU, but none of the RLC data PDUs has been delivered to lower layers.
Proposal 5	Upon discard of RLC PDUs, the UE shall update the RLC state variables (TX_NEXT) and the SN of the remaining pre-constructed RLC PDUs to avoid SN gaps.
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556]
Text proposal

[bookmark: _Toc454281493][bookmark: _Toc488395788]4.2.1	RLC entities
The description in this sub clause is a model and does not specify or restrict implementations.
RRC is generally in control of the RLC configuration.
<<unmodified text omitted>>
Each RLC SDU is used to construct an RLC PDU. RLC PDUs are formed only when a transmission opportunity has been notified by lower layer (i.e. by MAC) and are then delivered to lower layer. without waiting for notification from the lower layer (i.e., by MAC) of a transmission opportunity. In the case of UM and AM RLC entities, an RLC SDU may be segmented and transported using two or more RLC PDUs based on the notification(s) from the lower layer.
NOTE:  RLC PDUs may be formed before a transmission opportunity has been notified by lower layer but will only be delivered to lower layer when a transmission opportunity has been notified. 
<<unmodified text omitted>>
4.2.1.2.2	Transmitting UM RLC entity
When notified of a transmission opportunity by the lower layer, the The transmitting UM RLC entity generates an UMD PDU for each RLC SDU. If needed, the transmitting UM RLC entity shall segment the RLC SDUs and It it shall include relevant RLC headers in the UMD PDU. The resulting UMD PDU shall fit within the total size of RLC PDU(s) indicated by lower layers.When notified of a transmission opportunity by the lower layer, the transmitting UM RLC entity shall segment the RLC SDUs, if needed, so that the corresponding UMD PDUs, with RLC headers updated as needed, fit within the total size of RLC PDU(s) indicated by lower layer.
NOTE:  UM RLC entity may generate a UMD PDU for each RLC SDU before a transmission opportunity has been notified by lower layer but will only deliver it to lower layer when a transmission opportunity has been notified. 

<<unmodified text omitted>>

4.2.1.3.2	Transmitting side
When notified of a transmission opportunity by the lower layer, the The transmitting side of an AM RLC entity generates an AMD PDU for each RLC SDU. If needed, the transmitting UM RLC entity shall segment the RLC SDUs and it shall include relevant RLC headers in the UMD PDU. The resulting AMD PDU shall fit within the total size of RLC PDU(s) indicated by lower layerWhen notified of a transmission opportunity by the lower layer, the transmitting AM RLC entity shall segment the RLC SDUs, if needed, so that the corresponding AMD PDUs, with RLC headers updated as needed, fit within the total size of RLC PDU(s) indicated by lower layer.
The transmitting side of an AM RLC entity supports retransmission of RLC SDUs or RLC SDU segments (ARQ):
-	if the RLC SDU or RLC SDU segment to be retransmitted (including the RLC header) does not fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer, the AM RLC entity can segment the RLC SDU or re-segment the RLC SDU segments into RLC SDU segments.
-	the number of re-segmentation is not limited.
When the transmitting side of an AM RLC entity forms AMD PDUs from RLC SDUs or RLC SDU segments, it shall:
-	include relevant RLC headers in the AMD PDU.
NOTE:  AM RLC entity may generate a AMD PDU for each RLC SDU before a transmission opportunity has been notified by lower layer but will only deliver it to lower layer when a transmission opportunity has been notified. 

<<unmodified text omitted>>

[bookmark: _Toc454281541][bookmark: _Toc488395828]5.3	SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if the RLC SDU or RLC SDU segment has not been mapped to a RLC data PDU yet. If the RLC SDU or any of the RLC SDU segments had been mapped to a RLC data PDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU and corresponding RLC PDU(s) if none of the RLC PDU(s) have been delivered to lower layers.
If any RLC PDU was discarded, the transmitting side shall update the RLC state variable TX_NEXT and update the RLC headers (e.g. SN) of the remaining RLC PDUs to avoid SN gaps.

Editor’s note: this section may be impacted by the discussion of pre-processing, will be updated if further agreements are reached.







