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1	Introduction
In the 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].
· 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 [RAN2, RAN3].




This contribution aims to discuss the mechanisms that can be specified in Rel-16 to support dynamic adaptation among the configured RLC entities for PDCP duplication with NR-DC/CA combination.
2	Discussion
According to the conclusions of the NR IIoT SI, PDCP duplication enhancement such as featuring up to 4 RLC entities, should be supported in architectures including CA-only and NR-DC in combination with CA. For the gNB with centralized architecture (where all RAN protocol stacks are co-located) at least, configuration and activation of RLC entities at a gNB should be an implementation issue. Thus, for DL PDCP duplication, this contribution focusses on NR-DC in combination with CA. In such architecture, in total 4 RLC entities should be configured across the two nodes namely MgNB and SgNB. Furthermore, dynamic control among the configured RLC entities could be enabled to optimize efficiency/performance. For instance, instead of activating all configured RLC entities, dynamic switching of RLC entitiy subset could be enabled to realize more a flexble operation of PDCP duplication. An illustration of the  considered scenario is shown in Figure 1, where two RLC entities are configured in each of the nodes for the sake of duplication.
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[bookmark: _Ref3884556]Figure 1 An illustration of PDCP duplication enhancement with 4 RLC entities for NR-DC/CA Combination.
This is assumed that both nodes (MgNB and SgNB) have already configured at least one serving cells, so CA can be enabled at either or both of the nodes. Moreover, in order to increase the frequency diversity gain, each serving cell could be restricted to the logical channel (LCH) from a specific configured RLC entity. Although mapping between DL LCH and serving cells could be a implementation issue, it is sensible that such restriction can be applied to improve the diversity as well as avoiding duplicated packets to interfere with each other.
To enable PDCP duplication scheme with up to 4 RLC entities configured across two separate nodes as described above, we see a few different options for controlling (as well as intitial configuration), including the following:
· Option 1: Fully-Centralized Control
In this option, one of the two nodes makes all decisions on configuration and dynamic control. The decision-making node should forward the required information to another node in order to operate properly. For example, the MgNB may decide the explict subset of RLC entities that should be activated at the SgNB as well as the serving cells that the SgNB should be used correspondingly for PDCP duplication. In this case, the SgNB simply follow whatever has been instructed by the MgNB to carry out DL transmission of duplicated packets.
 
· Option 2: Partially-Centralized Control
In this option, one of the two nodes makes certain decisions on configuration and dynamic control for another node, and then forward certain information to another node for it to make further decisions based on its own discretion. For example, the MgNB may simply decide the maximum number of RLC entities that could be configured/activated at the SgNB (based on the number of RLC entities that have already established at the MgNB itself) and forward such decision over the Xn interface. Upon the reception of such information, the SgNB may select the RLC entity subset and the corresponding serving cells accordingly based on the knowledge relating to its own traffic loading and radio link quality etc.

· Option 3: Fully-Distributed Control
In this option, both MgNB and SgNB operate independently for both RLC entitiy configuration and activation, without coordination except for sharing PDCP PDU copies (from the MgNB to the SgNB) over the Xn interface.
Since the maximum number of RLC entities that can be configured for PDCP duplication of a radio bearer is limited to 4, fully-distributed control (Option 3) may result in excessive configuration as well as activation. Also, selection of serving cells corresponding these RLC entities in an uncoordinated manner may result in interference-heavy DL channel and lack of frequency diversity.  Hence, Option 3 should be precluded and we should only consider the options that require certain coordination between the nodes (i.e. Options 1 and 2).
Proposal 1: 
For DL PDCP Duplication based on NR-DC in combination with CA, control of configuration/activation of RLC entities should be realized based on certain coordination between MgNB and SgNB, such as
· Option 1: Fully-Centralized Control
· Option 2: Partially-Centralized Control
Note that whether using Option 1 or Option 2 should take the deployment scenario into account, such as if the serving cells on the MgNB and SgNB overlap in frequency. Depending on how the coordination between MgNB and SgNB should be conducted, different types of information should be exchanged between the two nodes over the Xn interface. From RAN2’s perspective, the decision to be made by each of the involved node should be specified, as well as the information to be exchanged. The detailed signaling aspects of the Xn interface, however, is a RAN3 scope. Hence, the RAN2 should first agree the coordination mode and the associated information that should be exchanged for DL PDCP duplication based on NR-DC combination with CA, then an LS chould be sent to RAN3 to initiate the specification on messages for the Xn interface. 
Proposal 2: 
RAN2 should first determine the coordination mode between MgNB and SgNB, as well as information to be exchanged between the two nodes, for DL PDCP Duplication based on NR-DC in combination with CA. An LS should be sent to RAN3 for further specification of Xn interface based on the requirements identified by RAN2. 

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 DL PDCP duplication based on NR-DC in combination with CA, we have the following proposals:
Proposal 1: 
For DL PDCP Duplication based on NR-DC in combination with CA, control of configuration/activation of RLC entities should be realized based on certain coordination between MgNB and SgNB, such as
· Option 1: Fully-Centralized Control
· Option 2: Partially-Centralized Control
Proposal 2: 
RAN2 should first determine the coordination mode between MgNB and SgNB, as well as information to be exchanged between the two nodes, for DL PDCP Duplication based on NR-DC in combination with CA. An LS should be sent to RAN3 for further specification of Xn interface based on the requirements identified by RAN2. 
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