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1 Introduction

In RAN2 email discussion [1], modification of PDCP receive operation has been discussed to support PDCP duplication which is newly introduced in Rel-15 V2X. The discussion focused on detection of activation/deactivation of PDCP duplication. 

This paper addresses another problem regarding necessity of reordering due to PDCP duplication.
2 Discussion
In LTE, SLRB not configured with duplication does not use PDCP reordering function. Also, SLRB does not perform HARQ reordering, i.e. RLC reordering function. This means that SLRB does not have any reordering function at all. The reason is that in sidelink out-of-sequence packet arrival does not happen even though there might be some packet loss.
However, the argument above is only applicable for non-duplication case. In SLRB configured with duplication, out-of-sequence packet arrival could happen at PDCP receiver because the scheduling latency causes some imbalance between the two legs, i.e. two RLC entities. Thus, SLRB configured with duplication supports PDCP reordering function which was originally designed for split bearer mapped on RLC AM. The issue here was how to detect the activation/deactivation of PDCP duplication and how to deal with the PDCP status variables. In RAN2 email discussion [1], the issue and possible solutions were discussed.
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Figure 1. Out-of-sequence arrival after de-configuration of duplication.
The duplication could be de-configured by reception of PDCP PDU with SN=0. However, it does not mean that all the packets after PDCP PDU with SN=0 are not duplicated. In Figure 1, PDUs with SN=11 and SN=12 are duplicated and PDU with SN=0 are not duplicated. Due to the imbalance between two legs, PDU with SN=12 could arrive later than PDU with SN=0 at the receiver. This means that after de-configuration or deactivation of the duplication, the reordering function seems to be needed until it is less probable that duplicated packet arrives at the receiver.
If PDU with SN=0 is just delivered upon its arrival, PDU with SN=12 will be either discarded or delivered later than PDU with SN=0. In case that PDU with SN=12 is discarded, it is clear that the reliability performance is degraded. In case that PDU with SN=12 is delivered later, it means that the UE performs out-of-sequence delivery which might be useless to application or even require unnecessary processing. In any case, the V2X UE experiences performance degradation.

Observation 1. Duplicated packet could arrive at the receiver after duplication is de-configured, i.e. PDU with SN=0 has arrived. Reordering of those packets still seems necessary.

Therefore, UE should not deliver the PDU with SN=0 to upper layer as soon as it is received. When UE detects the de-configuration of the duplication by SN=0, the PDU with SN=0 needs to be stored for reordering procedure. Once it is clear that no more duplicated packets arrive (e.g. t-reordering expiration), the UE can go to the receive operation of non-duplication case.
Proposal 1. PDCP Reordering is performed until no more duplicated packet arrives after duplication is de-configured.
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Figure 2. Out-of-sequence arrival at the beginning of reception of duplicated packets
Similar problem could happen when UE starts the reception from the middle of SN space. In Figure 2, we assume that the UE receives PDU with SN=40000. In this case, since the UE does not know whether this PDU is really the beginning of the reception, the PDU with SN=40000 can be considered as the first received PDU at the UE. If duplication is being performed, PDU with SN=39999 could arrive later. So some handling such as reordering for delivering PDU with SN=39999 seems necessary. 

One could argue that we can just update lower edge of the Last_Submitted_PDCP_RX_SN to the SN of the first received PDU, as in LTE RLC for sidelink. In RLC UM for sidelink, VR(UR) and VR(UH) are  set to the SN of the first received PDU. However, LTE RLC UM does not assume out-of-sequence arrival at the receiver whereas out-of-sequence arrival could happen in duplication scenario. Thus, just updating the state variables is not sufficient.
Observation 2. After first received PDU, reordering of the packets still seems necessary.
From the observation above, we see that UE should not deliver the first received PDU (e.g. SN=40000) to upper layer as soon as it is received. When UE starts to receive duplicated PDU, the first received PDU needs to be stored for reordering procedure. After it is clear that no more duplicated packets transmitted before the first received PDU arrive (e.g. t-reordering expiration), the UE delivers the stored PDUs including the first received PDU to the upper layer and perform the receive operation of duplication case.
Proposal 2 When the first received PDU is received, it is stored and delivered after the reordering.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. PDCP Reordering is performed until no more duplicated packet arrives after duplication is de-configured.
Proposal 2 When the first received PDU is received, it is stored and delivered after the reordering.
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