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1. Introduction
During RAN2#99 meeting, pre-processing in RLC was confirmed, with the understanding that in NR it is possible for the UE to generate RLC PDUs before the arrival of a transmit opportunity.
There was a concern related to the SDU discard procedure, whereby PDCP may request RLC to discard a particular RLC SDU, since the SDU discard may not be effective. The following agreement was captured:

=>
RAN2 can clarify UE requirement on PDCP discard and SN utilization 

In this contribution, we discuss this issue further.
2. Discussion
2.1. Background
In current RLC NR specification, the following is specified regarding SDU discard:
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.
Editor’s note: this section may be impacted by the discussion of pre-processing, will be updated if further agreements are reached.
This is mostly inherited from the LTE RLC baseline:
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 no segment of the RLC SDU has been mapped to a RLC data PDU yet.
In LTE, the rationale is that a RLC PDU is formed only upon notification from lower layers of a transmission opportunity, i.e. at this point the RLC SDU is already partly transmitted to MAC, and already in the process to be transmitted over the air interface. It can no longer be discarded.
In NR, since RLC PDUs may be pre-generated, the RLC SDU discard procedure may not be effective. We may have in RLC:

· RLC SDUs not yet mapped (or partially mapped) to RLC PDUs: there is no problem discarding them

· RLC SDUs mapped (or partially mapped) to RLC PDUs: discarding such RLC SDU means discarding a RLC PDU. This can cause a RLC protocol issue, hence needs a case by case analysis.

In our view, the procedure shall aim to maximize the successful RLC SDU discard while not compromising with the agreed allowed pre-processing. It is still preferable to perform the discard, even when a RLC PDU has been pre-generated, whenever possible, i.e. no RLC protocol issue and no impact on the agreed RLC pre-processing.
2.2. Single RLC SDU discard
RLC UM

Complete SDU (mapped to a RLC PDU): there is no SN, only SI field in RLC header indicating the presence of a complete SDU. Hence there is no problem in discarding it as long as the RLC PDU was not yet submitted to MAC. There is also no impact on the agreements on RLC pre-processing.
Proposal 1: For RLC UM, a complete RLC SDU shall be discarded even if already mapped on a RLC PDU, as long as the RLC PDU was not yet submitted to lower layers

SDU segment (whether mapped or not to a RLC PDU): it means part of the RLC SDU was previously already sent to MAC. As a baseline, such segment would not be discarded. However there is limited protocol impact to not perform the discard, since this is RLC UM. This could be configurable depending on the use case.
Proposal 2: For RLC UM, discuss whether RLC SDU segments shall be discarded
RLC AM
Complete SDU (mapped to a RLC PDU): there is a SN, and discarding the PDU would lead to the receiver requesting an ARQ retransmission. 
In [1], it is proposed to perform the discard (as long as the PDU is no yet submitted to lower layers), assuming the UE can perform the necessary adjustments (i.e., re-assign SNs). In our view, this is not in line with the agreement to allow RLC PDU pre-generation.
RLC PDUs pre-generation is allowed because it is assumed some UE implementation may need it to be able to generate the MAC PDU on time when receiving an UL grant. 

If we assume a UE has pre-generated RLC PDU SN 0,1,2,3,4,5, and PDCP requests to discard the SDU corresponding to RLC PDU 0, then during the SN re-assignment process, RLC PDUs are actually no longer available. If an UL grant is received at that time, the UE would not be able to send those PDUs. 

Conversely, if PDCP requests to discard the SDU corresponding to RLC PDU 5 (TX_Next – 1), there is no such issue: the RLC PDU can be discarded, and TX_Next updated as if the RLC PDU was never generated. Then, if RLC PDU 4 was requested to be discarded before, it can be discarded.
The figure below illustrates both cases:
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Proposal 3: For RLC AM, a complete RLC SDU shall be discarded even if already mapped on a RLC PDU, as long as the RLC PDU was not yet submitted to lower layers and it is or becomes the latest one in the transmission window (SN = TX_Next – 1)

SDU segment (whether mapped or not to a RLC PDU): it means part of the RLC SDU was previously already sent to MAC. Such segment should not be discarded since ARQ would request a retransmission. The existing text seems a bit ambiguous because a “RLC SDU segment” might not yet be mapped to a RLC PDU (i.e. the corresponding RLC PDU has not be generated). Still, the RLC SDU discard should not be performed.
Proposal 4: For RLC AM, RLC SDU segments shall not be discarded

2.3. Full RLC SDUs discard
In some use cases, it can be desired to request the RLC transmitter to discard all the RLC SDUs previously sent by PDCP (whenever possible). This can be useful for instance when performing an UL path switch due to a congested UL leg, instead of performing a RLC re-establishment which would also impact downlink (as described in our contribution [2]) .
In that case, all the pre-generated RLC PDUs for initial transmission (in yellow on the above figure) can be discarded, and the transmitting window state updated, just as if these PDUs were never pre-generated. Similar result can be achieved by using Proposal 3 and requesting discard of each PDCP PDU submitted to RLC, however a “full RLC SDUs discard” procedure can also be defined without the single RLC SDU discard from Proposal 3.
Proposal 5: Discuss introducing a “full RLC SDU discard” procedure (for UL path switch)
3. Conclusion 
In this contribution, we discussed RLC SDU discard procedure for NR, and made the following proposals:
Proposal 1: For RLC UM, a complete RLC SDU shall be discarded even if already mapped on a RLC PDU, as long as the RLC PDU was not yet submitted to lower layers
Proposal 2: For RLC UM, discuss whether RLC SDU segments shall be discarded
Proposal 3: For RLC AM, a complete RLC SDU shall be discarded even if already mapped on a RLC PDU, as long as the RLC PDU was not yet submitted to lower layers and it is or becomes the latest one in the transmission window (SN = TX_Next – 1)
Proposal 4: For RLC AM, RLC SDU segments shall not be discarded
Proposal 5: Discuss introducing a “full RLC SDU discard” procedure (for UL path switch)
Corresponding TP is proposed in Annex.
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Single RLC SDU discard
5.3
SDU discard procedures

When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU:

-
if the RLC SDU has not been segmented (complete RLC SDU)

-
if the RLC SDU is not mapped to a RLC data PDU yet, or if the RLC data PDU has not yet been submitted to lower layers, the transmitting UM RLC entity shall discard the indicated RLC SDU
-
 if the RLC SDU is not mapped to a RLC data PDU yet, or if the RLC data PDU has not yet been submitted to lower layers, the transmitting AM RLC entity shall discard the indicated (or previously indicated) RLC SDU if it corresponds to (or becomes after transmitting window update) the higher edge of the transmitting window, and shall update the transmitting window.

Full RLC SDU discard

When indicated from upper layer to perform a full discard: the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard all complete RLC SDUs and RLC data PDUs not yet submitted to lower layers. 
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