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1	Introduction
In the revised WID of NR IIoT [1], the following scope relating to PDCP duplication enhancement has been identified:
	1. The detailed objectives for NR PDCP duplication enhancements are:
· Specify PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA only and NR-DC in combination with CA [RAN2, RAN3].
· Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication [RAN2, RAN3].
· Lower priority objective: Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].
· Specify enhancements for more efficient DL PDCP duplication without impacting the UE, provided that gains can be confirmed with a reasonable complexity. [RAN3].
· Specify enhancements to address potential impacts of higher-layer multi-connectivity based on SA2 progress and request [RAN3].




Based on that, the rapporteur proposes that RAN3 focuses on the control of DL duplication. Also, as part of one of RAN2 email discussion [106#55][NR/IIOT] related to the network control of PDCP duplication , the following was concluded:
	Rapporteur’s summary:
Question 11: 11 companies responded positively and 6 companies responded that no coordination is needed. 
Most of the companies (14 companies) explicitly mentioned that MN-SN coordination is an issue that RAN3 should discuss.



In light of the above conclusion, this contribution discusses about the coordination required between MN and SNfor operating PDCP duplication in architectural combinations including NR-DC (with and without CA combination).
2	Discussion
According to the NR IIoT WI, PDCP duplication enhancements such as featuring up to 4 RLC entities, should be supported in architectures including CA-only and NR-DC in combination with CA. When discussing MN-SN coordination for PDCP duplication enhancements, scenarios that include NR-DC are relevant.. 
In the considered architectures, in total up to 4 RLC entities can be configured across two nodes, namely MgNB and SgNB. Furthermore, dynamic control of the utilized legs and number of copies could be enabled to optimize efficiency/performance. For instance, instead of sending duplicates through all the configured RLC entities, a dynamic selection and switching of the RLC entitity subset to be used at a given time could be enabled for flexibility and efficiency. 
For the sake of simplicity, the considered example scenario in the following assumes that 4 RLC entities are configured across the two nodes namely MgNB and SgNB as shown in Figure 1, where the MgNB is acting as the Hosting Node for PDCP duplication. In this example, in each node, Hosting Node and Assisting Node, two RLC entities are configured to the UE for the sake of duplication, however, other combinations to split the up to 4 RLC entities between MgNB and SgNB can be envisioned.
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[bookmark: _Ref3884556]Figure 1 An illustrative example of PDCP duplication with 4 RLC entities for NR-DC/CA Combination, with 2 RLC entities configured at each node for PDCP duplication.
To enable flexible PDCP duplication operations in the downlink when up to 4 RLC entities are configured across two distinct nodes, as described above, it should be possible to dynamically determine the number of copies to be transmitted per PDCP PDU and / or dynamically switch the RLC entities to be used for transmission of duplicates of a given packet. To this end, we need to clarify how the control of the configured RLC entities is split between the two nodes. We see the following main options for selecting the RLC entities (referred to as “legs” in the following) that should carry any duplicate(s) of a PDCP PDU:
· Option 1: No coordination between nodes needed 
In this option the leg selection is distributed between Hosting Node and Assisting Node, where each node determines the selection among its own legs. Assisting Node knows the overall QoS requirement of the DRB and the performance and status of its own legs, but may not know accurately the performance and status of Hosting Node’s legs. Thus, Assisting Node and Hosting Node may have to both assume that the other node might not be sending any copies. This may end up having unnecessarily large number of copies transmitted.

· Option 2: Partial coordination
Also in this option, the control is distributed between Hosting Node and Assisting Node, but Hosting Node provides guidance regarding the number copies to be transmitted by Assisting Node. This is possible because Hosting Node knows quality and statuses of its own legs, and has assistance information from Assisting Node. Assisting Node, for one’s part, is allowed to choose which legs are to be used for each UE on a per PDU basis. Hence, Assisting Node is able to utilize up to date information for a fast selection of the legs and alter number of copies sent on a need basis.

· Option 3: Full coordination
In this option Hosting Node indicates exactly which RLC entities are to be used by Assisting Node. The indication could be either a suggestion or a command. Hence, it allows full control of the RLC entities used by Hosting Node. Nevertheless, because Assisting Node may have additional and more up-to-date information regarding its own legs, it seems beneficial to allow Assisting Node to make the final decision on its on RLC entity activations. The benefit of this option as compared to the partial coordination should be clarified since it requires more signaling over Xn.
Observation 1: In DL PDCP duplication based on NR-DC in combination with CA, it is beneficial to allow Hosting Node to have at least partial control over the number of copies transmitted by Assisting Node.
Observation 2: Benefits of the full coordination compared to partial coordination are still unclear, since it may be beneficial to allow Assisting Node to decide the selection its own RLC entities.
Proposal 1: For DL PDCP Duplication based on NR-DC in combination with CA, Hosting Node has partial control over the number of copies to be transmitted by Assisting Node, whereas Assisting Node can select the RLC entities for the actual transmissions.
For option 2, there are several alternatives for partial control and coordination of the number of copies to be transmitted at Assisting Node, even though Assisting Node makes the leg selection on its own. The main alternatives for option 2 i.e. partial coordination are listed as follows:

· Option 2a: Hosting Node indicates the maximum number of copies to be sent by Assisting Node
In this option Hosting Node would be able to control the maximum number of copies which could be indisputably useful in terms of duplication efficiency, as indicated in [2]. On the other hand, if coordination is provided only in terms of maximum number of copies, Hosting Node would be rather uncertain about the actual reliability to be provided by Assisting Node. Hence, Hosting Node may have to assume that Assisting Node may send zero copies. This may result in Hosting Node sending more copies than necessary and/or in compromising the reliability. Moreover, it is not clear how Assisting Node would decide to transmit fewer copies than the maximum number of copies.

· Option 2b: Hosting Node indicates the minimum number of copies to be sent by Assisting Node
In this option Assisting Node would be able to guarantee at least a certain level of reliability . Furthermore, Assisting Node could increase the number of sent copies if seen beneficial e.g. due to poor channel conditions on its own legs or in case of low loading. On the other side, Assisting Node might end up transmitting unnecessary larger number of copies than needed due to lack of knowledge about Hosting Node’s performance and leg status.

· Option 2c: Hosting Node indicates the minimum and maximum number of copies to be sent by Assisting Node
In this option Hosting Node can indicate the minimum number of copies to be used at Assisting Node to provide the desired reliability target. Additionally, by providing also the maximum number of copies, Assisting Node can prevent that a unnecessarily larger number of copies are sent. If Hosting Node wants to indicate the exact number of copies to be sent, then the minimum value can be set as equal to the maximum value.

Observation 3: By configuring only the maximum number of copies to be transmitted by the assisting node it may not be sufficient to ensure the required reliability.
Proposal 2: For DL PDCP Duplication based on NR-DC in combination with CA, the hosting node indicates to the assisting node at least the minimum number of copies to be transmitted by the latter (assisting node), whereas the latter can select the RLC entities for the actual transmission. 

Currently Assistant Information Data (PDU Type 2) can be provided by Assisting Node to aid Hosting Node in the user plane management and optimization procedures of PDCP duplication. However, such Assistance Information Data (comprising average CQI, average HARQ failure, average HARQ Retransmissions, DL radio quality index, UL radio quality index, and power headroom report) is specified to be provided per DRB only i.e. not per RLC entity. Assistance information could be used to decide how many and which RLC entities should be activated. Thus, assistance information should be provided separately per each RLC entity. Otherwise Hosting Node can not reliably compare all configured legs between each other and make best possible decision about number of active legs and how number of transmitted copies should be shared between Hosting Node and Assisting Node.
Observation 4: Currently Assistance Information Data is provided from Assisting Node to Hosting Node per DRB. RLC entity-specific assistance information would be beneficial for the Hosting Node to decide on the number of copies to be sent per UE.
Proposal 3: RAN3 to discuss how to extend Assistance Information Data to be provided with respect to each RLC entity associated at the Assisting Node.
As proposed above, it may be up to the assisting node to determine the number of copies and the associated legs for transmission for a given packet. Thus, since the hosting node would be unaware of these decisions, the hosting node can send only one copy of a packet duplicate over the Xn interface, irrespective of the number of RLC entities configured at the assisting node.

Proposal 4: For DL PDCP Duplication based on NR-DC in combination with CA, the hosting node transfers only one copy of a packet to the assisting node and Assisting Node duplicates the packet to transfer the packet over multiple legs.

3	Conclusions
This paper considers dynamic adaptation of PDCP duplication for both DL and UL PDCP duplication enhancement to be specificed in Rel-16. 
For PDCP duplication based on NR-DC in combination with CA, we have the following observations:
Observation 1: In DL PDCP duplication based on NR-DC in combination with CA, it is beneficial to allow Hosting Node to have at least partial control over the number of copies transmitted by Assisting Node.
Observation 2: Benefits of the full coordination compared to partial coordination are still unclear, since it may be beneficial to allow Assisting Node to decide the selection its own RLC entities.
Observation 3: By configuring only the maximum number of copies to be transmitted by the assisting node may not be sufficient to ensure reliability.
Observation 4: Currently Assistance Information Data is provided from Assisting Node to Hosting Node per DRB. RLC entity-specific assistance information would be beneficial for the Hosting Node to decide on the number of copies to be sent per UE.
Moreover, based on the given observations we have the following proposals:
Proposal 1: For DL PDCP Duplication based on NR-DC in combination with CA, Hosting Node has partial control over the number of copies to be transmitted by Assisting Node, whereas Assisting Node can select the RLC entities for the actual transmissions.
Proposal 2: For DL PDCP Duplication based on NR-DC in combination with CA, the hosting node indicates to the assisting node at least the minimum number of copies to be transmitted by the latter (assisting node), whereas the latter can select the RLC entities for the actual transmission. 
Proposal 3: RAN3 to discuss how to extend Assistance Information Data to be provided with respect to each RLC entity associated at the Assisting Node.
Proposal 4: For DL PDCP Duplication based on NR-DC in combination with CA, only one copy of a packet is transferred to Assisting Node and Assisting Node duplicates the packet to transfer the packet over multiple legs.
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