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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved. 
[bookmark: _Hlk524312897][bookmark: _Hlk524312950]One of the objective of this study item is to investigate enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD, with the already existing solutions for NR as the baseline. One of the sub items is to study:
· 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: _Ref178064866]Discussion
Duplication of packet is an expensive feature from a resource point of view. When the PDCP PDUs are duplicated, there has to be an effort to discard the duplicated PDCP PDUs from the other path. The more path involved, the resource is used and the more effort needs to discard the PDCP PDU replicates.
Currently, the PDCP data duplication is only supported by two RLC paths as it is specified in TS 38.300:
When duplication is configured for a radio bearer by RRC, a secondary RLC entity and a secondary logical channel are added to the radio bearer to handle the duplicated PDCP PDUs. Duplication at PDCP therefore consists in submitting the same PDCP PDUs twice: once to the primary RLC entity and a second time to the secondary RLC entity. With two independent transmission paths, packet duplication therefore increases reliability and reduces latency and is especially beneficial for URLLC services.
When duplication is activated, the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same carrier. The two different logical channels can either belong to the same MAC entity (CA) or to different ones (DC). 
In the former case, logical channel mapping restrictions are used in MAC to ensure that the logical channel carrying the original PDCP PDUs and logical channel carrying the corresponding duplicates are not sent on the same carrier.
When an RLC entity acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the other RLC entity to discard it; and when the secondary RLC entity reaches the maximum number of retransmissions for a PDCP PDU, the UE informs the gNB but does not trigger RLF. 
When configuring duplication for a DRB, RRC also sets the initial state (either activated or deactivated). After the configuration, the state can then be dynamically controlled by means of a MAC control element and in DC, the UE applies the MAC CE commands regardless of their origin (MCG or SCG). When duplication is deactivated for a DRB, the secondary RLC entity is not re-established, the HARQ buffers are not flushed but the corresponding logical channel mapping restrictions – if any – are lifted, and the transmitting PDCP entity should indicate to the secondary RLC entity to discard all duplicated PDCP PDUs.

From RAN3 point of view, it is possible (perhaps already today despite the restriction in stage 2) to configure multiple paths i.e. more than two paths. For example, by using DC, for the MN terminated bearer, in the split bearer option, one RLC path is located in SN and CA with 2 RLCs are setup MN. The PDCP PDUs are duplicated on the three RLC path.
However this type of enhancement would take too many resources, and the discarding of the duplicated PDCP PDUs requires more processing time. In the case of duplicated packages are received, extra processing is needed which may increase latency.
PDCP entity may need to decide if duplication is needed, how many duplicates, and through which paths are transmitted. 
The main drawback of this type of enhancement is that resources may need to be set up in various different paths which increases complexity and the cost. It will also be important to understand how the network can control and steer UL the traffic as it is the network and not the UE the entity which knows the conditions (e.g. load) of the network. Therefore, such enhancement needs to be evaluated carefully. 

In our opinion, we can support to setup more than 2 RLC paths for the PDCP PDU duplication to achieve redundancy, but at any given time, only 2 copies are sent to duplicate the PDCP PDUs. The PDCP entity thus evaluates and decides which of the 2 RLC paths will be chosen. 

[bookmark: _Toc525637154][bookmark: _Toc525637231][bookmark: _Toc525637315]RAN3 to discuss the need for support for PDCP Duplication with More than 2 Copies.

Conclusion
Based on the discussion above, we propose the following:
Proposal 1	RAN3 to discuss the need for support for PDCP Duplication with More than 2 Copies.
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