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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved. One of the study areas is this SI is “L2/L3 enhancements”: 
· Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):
· Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.
· PDCP duplication with more than 2 copies leveraging (combination of) DC and CA, whereupon data transmission takes places from at most two nodes: assessment of the gains, and if beneficial, study the associated solutions. 
· [bookmark: _GoBack]Potential impacts of higher layer multi-connectivity as studied by SA2.
This contribution focus on the sub-area “resource efficient PDCP duplication”.
[bookmark: _Ref178064866]Discussion
Duplication of packet is an expensive feature from a resource point of view. Thus, if the requirements for a certain IIoT application can be met without using duplication, it may be beneficial to deactivate PDCP data duplication. Likewise, when the network evaluates that the requirements might not be met without PDCP data duplication, the network should be capable to activate PDCP data duplication or perform other necessary actions to be able to meet the given requirements. 
RAN2 and RAN3 specifications provides a number of tools to allow enabling an efficient usage of PDCP data duplication: 
1) Dynamic (de-)activation of PDCP data duplication
PDCP data duplication is configured by RRC. RRC may also provide the initial activation status. However, both the MCG and SCG may further activate or deactivate duplication by means of MAC CEs. MAC CEs allow a much faster, dynamic, and timely manner option to activate and deactivate duplication which enables a higher resource efficiency. 
Thereby, activation and deactivation of PDCP data duplication is a network decision and decisions could be based on different measurements performed at the network. These mechanisms (measurements and triggers) are not specified and, when available, they are specific to the network implementation. For Rel-16, it could be discussed if there are any valuable measurements made by the UE which add additional value on top of what the network could do.
2) Discarding a duplicate PDUs when one PDU is received
When the PDCP entity receives an indication from lower layers that a certain PDCP PDU has been received by the other end, the PDCP entity indicates to the second RLC entity to discard the corresponding duplicated PDCP PDU. It is supported to “flush” all the PDCP PDUs in the lower layer up to the given PDCP PDU SN, or to discard multiple blocks by specifying how many blocks and the start and the end of the PDCP PDU SN. This enables an efficient utilization of the network resources by avoiding redundant PDU transmissions. 
There may be other areas of improvements to improve the resource efficiency in the network, e.g. by: 
1) Selective duplication
The PDCP entity decides whether to duplicate or not duplicate for each of the packets individually – currently, when PDCP data duplication is activated, it applies to all packets. However, a more efficient method to do that would be if the PDCP entity can decide on per packet basis if duplication is needed or not.
2) Selective duplicate discarding
The PDCP (and even RLC) entity decides whether a packet or a duplicated packet can be discarded at a given time for example if the duplicate packet does anyway not meet the delay budget requirements of the flow - or is transmitted too late after the original packet is transmitted thus would not contribute anymore to reliability for this packet. There may be cases in which PDCP PDUs or RLC SDUs/PDUs are buffered for too long in the queues which could lead packet to not meet the latency requirements, for instance. Thus, removing such packets could be beneficial to increase the resource efficiency as those packets might anyway no longer be needed by the receiver side.
Furthermore, with respect to the study item target of allowing more than two PDCP duplicate copies: currently, the PDCP data duplication can only happen by two different paths. It could be envisioned that the network could configure multiple paths i.e. more than two paths. We evaluate this type of enhancement in our companion paper [2]. 

[bookmark: _Toc525637154][bookmark: _Toc525637231][bookmark: _Toc525637315][bookmark: _Toc525818328][bookmark: _Toc525829079][bookmark: _Toc525833278]Discuss and study areas in which valuable resource efficiency improvements may be achieved e.g. by more selective PDCP duplication (also in scenario where more than two copies are allowed).
Conclusion
Based on the discussion above, we propose the following:
Proposal 1	Discuss and study areas in which valuable resource efficiency improvements may be achieved e.g. by more selective PDCP duplication (also in scenario where more than two copies are allowed).
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