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1 Introduction

In RAN2#97bis, RAN2 made the following agreements:
Agreements on PDCP reordering

-
A unified re-ordering schemes is used for DRB(s)/SRB(s) and UM and AM, with LTE as baseline.  

-
It is desirable to disable PDCP reordering.  FFS how to signal it 

-
Use First Missing COUNT (FMC) instead of FMS in the PDCP Status Report.
RAN2 agreed that it is desirable to disable PDCP reordering, i.e. to support out-of-sequence delivery in PDCP. One argued that setting PDCP reordering timer as zero simply enables it. In this contribution, the issue will be revisited. 
2 Discussion
The reordering function needs to be implemented in the receiver side in order to make the packets received out-of-order to be in-order. In LTE, it is performed at both RLC level and PDCP level according to specific purpose. PDCP secures in-sequence delivery to higher layers, which is inevitable if multiple transmission paths are configured such as CA, DC, and LWA due to the different radio and backhaul characteristics. In RLC, the reordering function is also working since the delivered PDUs from MAC may be out of sequence due to independent multiple HARQ processes. In LTE, the reordering function is mainly provided by RLC if split bearers or LWA bearers are not configured and handover or re-establishment do not occur. However, PDCP also needs to handle in-sequence delivery in case of supporting DC, LWA, handover and re-establishment since out-of-order packets may be received at PDCP layer. 

Observation 1. LTE has duplicated reordering functions, which may be optimized to a single function. 
In RAN2#95bis, RAN2 agreed that complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled and also agreed that PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case). This intention was to reduce latency and processing burden in the UE perspective, i.e. it removes duplicated functions and enables out-of-deciphering in PDCP. Thus, the only PDCP reordering makes it possible to perform the similar procedure as in LTE with low latency. Given that there has been no noticeable problem in LTE UP protocol, it is also expected that the only PDCP reordering would work fine on the top of it.
Observation 2. The only PDCP reordering  would work fine in NR.
In RAN2#97bis, several companies argued that in-sequence delivery for a DRB needs to be disabled, e.g. PDCP doesn’t have to support in-sequence delivery if the upper layer already has such a function.  In the end, RAN2 agreed that it is desirable to disable PDCP reordering, i.e. to support out-of-sequence delivery in PDCP. One can argue that the PDCP reordering timer would be set as zero to disable the in-sequence delivery. However, it would not work correctly. 
For example, PDCP PDUs with SN 1, 2, 3, 4, and 5 are in line to be transmitted to the receiver. In the receiver side, PDCP PDU with SN 5 first arrives and it updates Last_Submitted_PDCP_RX_SN as 5. Later, PDCP PDUs with SN 1 and 2 arrive and then they would be discarded because their PDCP SNs are below Last_Submitted_PDCP_RX_SN as described in [1]. Hence, setting PDCP reordering timer as zero is not a possible solution to disable PDCP in-sequence delivery. It may cause unnecessary PDCP PDU discard due to out-of-sequence delivery from RLC. To support out-of-sequence delivery in PDCP, a new PDCP operation would be required.
Proposal 1: PDCP out-of-sequence delivery would require a new PDCP operation.
With quite reasonable examples, one can argue that PDCP out-of-sequence delivery would be beneficial. However, the gain seems quite marginal from end-to-end perspective. Given that a new PDCP operation would be required, RAN2 need to carefully check the benefit and the complexity thereof.
Proposal 2: RAN2 should carefully check the benefit and the complexity of PDCP out-of-sequence delivery. 

3 Conclusion

In this contribution, we provide our view on the PDCP out-of-sequence delivery and ask RAN2 to discuss the following proposals:

Proposal 1: Out-of-sequence delivery in PDCP would require a new PDCP operation.
Proposal 2: RAN2 should carefully check the benefit and the complexity of PDCP out-of-sequence delivery. 
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