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1
Introduction
The Study on NR Industrial Internet of Things as agreed in [1] comprises the following objective to be addressed: 

“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.”
Furthermore, a recent RAN2 email discussion on PDCP duplication enhancement [2] has concluded that:

“The benefit in supporting up to four (4) copies can give the NW freedom, in certain architectural deployment scenarios, e.g. using CA or DC, to configure towards achieving consistent reliability using several concurrent radio links that dynamically vary in reliability and latency. Duplication increases overhead as well as protocol complexity and use of more than two copies is not expected to be a common configuration.

Multiple RLC entities/legs give better possibilities for varying link characteristics and selecting for which radio links duplication is active. This facilitates having duplicated PDUs transmitted, possibly dynamically, on selected radio link(s) in a subset of a total number of configured RLC entities/legs. For example, the active subset of configured RLC entity/leg and/or carriers can be dynamically switched to support flexible transmission of PDCP PDUs. In addition, supporting multiple configurable RLC entities/legs also supports different architectural deployments and combinations, e.g. DC in combination with CA or other.”

Thus, flexible transmission of original and duplicated PDCP PDUs can be achieved by dynamically switching the active subset of the configured RLC entities. In this paper, we aim to discuss how dynamic switching of RLC entities could be realized, considering a DC-CA combination based deployment architecture, wherein both MgNB and SgNB host at least one RLC entities. 
2
Discussion

With n>2 (up to 4) RLC entities configured in total across the two nodes (MgNB and SgNB), the achievable gain of concurrently activating all RLC entities is questionable due to potential saturation (the gain diminishes in spite of increasing number of legs) and interference that may eventually jeopardize the overall system performance). Also, in general it is beneficial to avoid unnecessary duplication as otherwise the introduced additional resource usage, increased scheduling delays, and interference may work counterproductively on system level. Hence, it is beneficial to support dynamic activation of subset of the legs, e.g. limiting the maximum number of active legs to m=2 (same as Rel-15), in order to create less interference and avoid unnecessary resource wastage. More importantly, as the scheme would switch between different leg pairs in accordance to the prevailing channel/network status, which allows it to achieve most of the reliability improvement opportunistically. Note that activating a subset of RLC entities has been identified as a viable approach in the email discussion [2].
2.1 Inter-Node Coordination 
To enable configuration of 4 legs across the two nodes with dynamic switching of the active leg subset, it is anticipated that both nodes involved should operate in a coordinated manner. Specifically, as the maximum number of configured legs and the maximum number of active legs could be both limited, coordination between MgNB and SgNB is required to avoid excessive configuration and activation of RLC entities.

Observation 1: Coordination between MgNB and SgNB is needed for both configuration and activation of RLC entities to support dynamic switching of leg subset for PDCP duplication. 
2.2 RLC Entities Configuration for DC-CA Combination 
To support all relevant scenarios with DC-CA combination with up to 4 RLC entities, configuration of multiple RLC entities per each involved node should be allowed. However, instead of letting the SgNB to configure the RLC entities independently, the MgNB should be able to make the decision on the number of RLC entities (and the corresponding carrier frequencies if necessary) to be established at the SgNB. In particular, the MgNB should inform the SgNB to establish RLC entities corresponding to a DRB when duplication of this DRB is activated. For example, if the MgNB has established 2 RLC entities for this DRB already, it should instruct the SgNB to configure at maximum 2 additional RLC entities for the same DRB. Obviously, it requires certain enhancement for the Xn interface as addition information is transferred between the MgNB and SgNB comparing to Rel-15. Moreover, an entity at the SgNB is needed to receive the request from the MgNB and set up RLC entities accordingly. 
Proposal 1: For PDCP duplication based on DC-CA combination supporting up to 4 legs, the MgNB should provide information to the SgNB on the number of RLC entities that the SgNB should configure. 
2.3 RLC Entity Subset Activation 
As only a subset of limited number of RLC entities is activated at a time, and the configured RLC entities are spread across the two nodes, coordination between MgNB and SgNB is needed to determine the active RLC entities. As potentially both MgNB and SgNB are configured with multiple legs, the most straightforward approach is for the MgNB to first determine the activation subset whenever subset switching is needed (the triggering of subset switching, as well as the selection of the active RLC entities subset, could be determined based on the feedback from the UE), then it should notify the SgNB indicating the RLC entities to be activated at the SgNB, along with a copy of the PDCP PDU to be duplicated. Also, the gNB may send an indication to the UE whenever switching of active RLC entities subset occurs.
Proposal 2: For PDCP duplication based on DC-CA combination supporting up to 4 legs with RLC entity subset activation, the MgNB should indicate to the SgNB regarding which RLC entities should be activated. 
3
Conclusions
This contribution discusses flexible PDCP Duplication based on DC-CA combination with dynamic switching of RLC entity subset. In summary, we made the following observation:
Observation 1: Coordination between MgNB and SgNB is needed for both configuration and activation of RLC entities to support dynamic switching of leg subset for PDCP duplication. 
Furthermore, this contribution highlights two aspects relating to the coordination between MgNB and SgNB required for supporting RLC entity configuration and leg subset switching, based on the following proposals:

Proposal 1: For PDCP duplication based on DC-CA combination supporting up to 4 legs, the MgNB should provide information to the SgNB on the number of RLC entities that the SgNB should configure. 
Proposal 2: For PDCP duplication based on DC-CA combination supporting up to 4 legs with RLC entity subset activation, the MgNB should indicate to the SgNB regarding which RLC entities should be activated. 
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4
Data duplication and multi-connectivity enhancements

4.1
General
This section focuses on PDCP duplication and higher layer multi-connectivity aspects such as assessment of gains of duplication with more than two copies, potential enhancements to achieve resource efficient PDCP duplication and captures RAN aspects of higher layer multi-connectivity solutions.
4.2
Enhancements to PDCP duplication

4.2.1
Protocol aspects

Editor’s note: RAN2 responsibility
For PDCP duplication based on DC with more than 2 RLC entities, coordination between the two nodes is needed for RLC entity configuration and RLC entity subset selection.
4.2.2
Radio access network aspects

Editor’s note: RAN3 responsibility

4.3
Higher layer multi-connectivity

4.3.1
Layer 2/3 protocol aspects

Editor’s note: RAN2 responsibility

4.3.2
Radio access network aspects

Editor’s note: RAN3 responsibility
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