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1 Introduction

This contribution further discusses the open questions raised in the email discussion [94#38] related to reordering
2 Discussion
In current LTE, reordering functionality is available in both PDCP and RLC entities, a two-layer reordering. 
In general, RLC provides in sequence RLC SDUs to PDCP. This is the case for single connectivity. Thus, PDCP does not, generally, need to perform any reordering. Reordering might be needed, however, when there is a handover. 
When dual connectivity is configured, PDCP reordering is needed to ensure PDCP delivers in sequence the packets received from each of the configured legs. RLC ensures that, within one leg, packets are delivered in sequence to PDCP. 
Buffers & Memory
Buffers are needed when reordering or retransmissions are supported. Yet, it is questionable that the buffer and memory increase when there are two reordering layers instead of one reordering layer. There are implementation aspects which cannot be neglected. We assume a reasonable implementation is to have one common buffer/memory for PDCP- and RLC-reordering. Hence having reordering in both PDCP and RLC or only in one of these layers should result in the same buffer/memory size.
Furthermore, having one reordering layer may lead to introduce a unique reordering timer adapted to the “worst” link (see “Latency” below). A longer reordering timer implies larger reordering buffers to cope with the amount of traffic which could be received in the “fastest” link (NR) during that reordering time.

Therefore, at this stage, it is not obvious that gains can be observed for one-layer reordering in terms of buffer and memory.
Latency
The maximum latency that reordering introduces is linked to the reordering timer. 

When no dual connectivity is configured, the latency is the same regardless of whether there are two reordering layers or one reordering layer. Note that, in practice, when dual connectivity is not configured, reordering is really performed in RLC and PDCP reordering is just for handovers.  

When dual connectivity is configured, having a two-layer reordering allows to minimize the reordering latency in a given leg by optimizing the reordering timer in the RLC for that leg. This also allows to have a shorter buffer and memory requirements for the RLC entity configured for NR. In the case of one-layer reordering placed on PDCP, the reordering timer needs to be adjusted to take into account the worst leg (e.g. LTE) between NR and LTE. This will, in general, slow down NR and will increase the buffer requirements for the NR link.
Header overhead, processing and complexity
In the case of one-layer reordering, some headers might be removed in the RLC; however, other headers may be added or extended in PDCP, or other layers may need additional headers. Currently, it is not possible to evaluate the header overhead since a complete solution has not been presented. Thus, it cannot be claimed that there may be header overhead gains or losses with a new scheme.

In terms of processing and complexity, current PDCP protocol is rather simple and does not required intense processing due to reordering. In the case of two-layer reordering, PDCP has to only handle and reorder RLC SDUs. In the case of one-layer reordering, the PDCP has to handle and reorder RLC PDU segments from different legs to reconstruct RLC SDUs, and reorder RLC SDUs. The two-layer reordering is less processing intense and complex than one-layer reordering. 
Other aspects
Changing the reordering functionality may likely impact other functionalities such as, for example, segmentation or retransmissions. To be able to conclude on the merits, a full solution needs to be evaluated, instead of trying to evaluate the intention to modify a concrete functionality. Further, the overall impact and added complexity in other functionalities and layers needs to be assessed and considered, and it is not possible to evaluate moving/removing one particular functionality in isolation.
Observation 1 Having one reordering layer placed at the PDCP does not bring obvious advantages compared to the two-layer reordering scheme.
On the contrary, having one-layer reordering may impact other functionalities and layers which could increase the complexity.
3 Conclusion

In section 2, we made the following observations:
Observation 1
Having one reordering layer placed at the PDCP does not bring obvious advantages compared to the two-layer reordering scheme. On the contrary, having one-layer reordering may impact other functionalities and layers which could increase the complexity.
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