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1. Introduction
The pre-processing is considered a pre-construction of MAC PDU without waiting for notification of any packet scheduling opportunity [1]. However, we think that there is “level” of pre-processing depending on implementation, packet scheduling decision, and the L2 processing load. This contribution looks at how the pre-processing works in L2, and then the impact of the pre-processing on the PDCP SDU discard.
2. “Level” of pre-processing
The level of pre-processing is shown in the following figure.
	Description of MAC level pre-processing:
All incoming IP packets arrived at the PDCP layer is immediately pre-processed and delivered to the MAC layer, and MAC PDUs corresponding to the IP packets are pre-constructed. In this example, there is no relation between the PDCP SN and the RLC SN as RAN2 agreed.
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	Description of PDCP level pre-processing:
All incoming IP packets arrived at the PDCP layer is immediately pre-processed and PDCP PDUs corresponding to the IP packets are pre-constructed, meaning that all PDCP processing are adopted e.g. ROHC, ciphering, and SN addition. Those PDCP PDUs may not be delivered to the RLC layer and stored in the PDCP data buffer, or those PDCP PDUs may be delivered to the RLC layer and stored in the RLC data buffer without processing (i.e. RLC SDUs are stored in the data buffer).
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	Multi-level pre-processing:
This option is combination of the MAC level pre-processing and the PDCP level processing. For example, IP packets that needs immediate packet scheduling is pre-processed, but other IP packets that need not immediate packet scheduling is no pre-processed.
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Fig.1: Level of the pre-processing
The pre-processing should be up to the implementation, so that the “level” of pre-processing can be decided depending on e.g. packet scheduling decision and the L2 processing load. Among them the multi-level pre-processing seems to be a natural scheme. There is no need to perform the “full” pre-processing like the MAC level processing and the “minimum” level pre-processing like the PDCP level pre-processing.
Observation 1: There is “level” of the pre-processing and the “level” to be performed in L2 is up to implementation but “multi-level” pre-processing is a natural scheme.

3. PDCP SDU discard consideration
PDCP SDU is discarded based on the associated discard timer to the PDCP SDU. In the PDCP SDU discard, there is no problem with the in-sequence transmission of PDCP SDUs when a PDCP SDU to which a PDCP SN is not allocated, since in-sequence numbering to subsequent PDCP SDUs after the discarded PDCP SDU is possible and SN gap doesn’t occur. On the other hand, when a PDCP SDU to which a PDCP SN is allocated, it causes a PDCP SN gap, which increases PDCP reordering delay in the receive side. This is already captured in the running TS38.321.
NOTE:
Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.
However, in NR, the one of outstanding feature is pre-processing as shown in Fig.1. PDCP SDUs are immediately processed and corresponding PDCP SNs are immediately assigned and delivered to the lower layers. In this case, it can be said that the frequency of the SN gap occurrence in NR increases compared to the frequency in LTE when PDCP SDU discard is executed.

Let us show an example figure in Fig. 2 in the case of the multi-level pre-processing is performed. In this example, the transmitting side discards PDCP SDU with PDCP SNs 2 and 3. The receiving side must perform the already discarded PDCP PDUs of 2 and 3, which is unnecessary reordering and just increases the u-plane latency.
	Problem statement:

Transmitter side: PDCP SDU discard occurs.

Receiver side: The reordering of the missing (discarded) PDCP SDUs must be performed.
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Fig.2: Unnecessary reordering (2 and 3 will be waited)
Therefore, it is essential to study schemes which can reduce the reordering delay in the receiver side when PDCP SDU discard occurs. Note also that the latency reduction in NR is one of 5G requirements.
Proposal 1:
RAN2 is respectfully asked to study feasible solutions not to perform unnecessary reordering due to waiting for PDCP PDUs already discarded in the transmitter side.

4. Proposal

From here, let us look at impact of the pre-processing on the pre-processing as shown in Fig.1. As we discussed in Section 1, the multi-level pre-processing is a natural scheme. Therefore, for the sake of simplicity of the explanation of the proposed solution, an example figure is depicted in Fig.3 based on the multi-level processing scheme.
We believe that the proposal is simple Once PDCP SDUs are discard, the transmitting side of the PDCP generates PDCP SR (Status Report) to inform the receive side that which PDCP PDUs are discarded or not. This can be done when the transmission opportunity is informed from the lower layer to the PDCP layer. In other word, the PDCP SR can be a bitmap indicating non-discarded PDCP PDUs and discarded PDUs within the TB (Transport Block). The behaviour in the receiving side is also simple. Once the receiver side detects that the PDCP SR is compiled in the received TB, then it will stop unnecessary reordering of already discarded PDCP PDUs indicated in the PDCP SR. 

	Proposed schemes:
Transmitter side: PDCP Status Report is generated and delivered to the lower layer.
Receiver side: The reordering of the missing (discarded) PDCP SDUs are stopped.
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Fig.3: Stop unnecessary reordering (2 and 3 will not be waited)
As explained above, PDCP SR solution is simple and can avoid unnecessary reordering in the receiving side due to waiting for PDCP PDUs already discarded in the transmitter side. We would like to ask RAN2 to look at this solution and make a decision. 
Proposal 2:
PDCP SR solution can avoid unnecessary reordering in the receiving side due to waiting for PDCP PDUs already discarded in the transmitter side.

5. Summary of Proposals
Based on the above discussions, our proposals are described in the following.
Proposal 1:
RAN2 is respectfully asked to study feasible solutions not to perform unnecessary reordering due to waiting for PDCP PDUs already discarded in the transmitter side.
Proposal 2:
PDCP SR solution can avoid unnecessary reordering in the receiving side due to waiting for PDCP PDUs already discarded in the transmitter side.
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