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1	Introduction
According to the WID of NR IIoT [1], the following objectives will be addressed for PDCP duplication enhancement:
	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].




In Rel-15, PDCP duplication has been introduced to facilitate reliable and low latency communication, which is solely controlled by the network. In particular, the network can send a MAC CE to dynamically activate/deactivate uplink PDCP duplication of DRBs configured with two RLC entities. For Rel-16, several different proposals have been suggested to consider the possibility of UE-based PDCP duplication control. This entails that the decisions such as leg selection and (de-)activation of PDCP duplication could be made by the UE itself based on certain criteria defined by the network. 
In this paper, we describe our opinions on UE-controlled PDCP duplication schemes, and particularly we focus on the coexistence of UE-controlled and network-controlled schemes. Despite, there have been two email discussions to progress on the topic of control of PDCP duplication [2, 3], we feel that such coexistence issue may have not been sufficiently covered, being at the intersection of both email discussions.
2	Discussion
The UE-controlled PDCP duplication can be classified with respect to the scope of control, for which the UE is either responsible or shares responsibility with the network. The classification can be done according to the following categories:
· UE-based Leg Selection: 
In this scheme, the scope of control is the activation status of a leg: the UE may select one or more  RLC entities that should be used for UL duplication, where the selection can be based on certain criteria configured by the network, such as fulfilling a certain channel measurement level at a given RLC entity. 

· UE-based Duplication Activation/Deactivation:
In this scheme, the scope of control is the duplication status: the UE may determine whether to activate UL duplication on one or more RLC entities, based on certain criteria configured by the network, such as not fulfilling a certain channel measurement level at one or more RLC entity.

· UE-based Selection of Number of Copies:
In this scheme, the scope of control is the number of copies: the UE may determine how many copies of a PDCP PDUshould be generated and can be transmitted.

· UE-based per-packet selective duplication:
In this scheme, the scope of control is also the number of copies, and potentially also the activation status and/or duplication status: the UE may determine whether each PDCP PDU is to be duplicated and processed based on certain criteria, in order to save radio resources. This scheme can be seen as an extension of the UE-based Selection of Number of Copies, where the number of copies can be re-evaluated on a per-packet basis.
In principle the autonomous adaptation performed by the UE in respect to any of the above categories could reduce the reaction time and hence curtails the latency. Also, downlink control signaling overhead required to enable dynamic network control could be saved. However, the UE-based schemes are beneficial only if the UE can acquire accurate and most updated status information to make proper decisions. In practice it may be challenging to fulfil such prerequisite as for instance the metrics and measurements obtained and used by the UE to make the decision, may not reflect accurately the actual uplink performance. On the other hand, the gNB can make more judicious decisions than the UE as the gNB typically has better knowledge about the uplink performance status/quality and the system view. For instance, key performance factors such as uplink intereference status, system traffic loading, resource management, are visible only to the gNB. 
When the UE is not able to obtain sufficiently accurate/complete information, an overly optimistic decision could be made by the UE, which may imprudently de-activate PDCP duplication or reduce the number of activated legs, and lead to performance degradation, or even fail to achieve the reliability/latency required by URLLC traffics. 
Observation 1: UE-based control for PDCP duplication would need to rely on UE’s accurate and updated knowledge of the system status (e.g. leg quality, system load), which may be difficult to fulfil in practice in all scenarios. Therefore, UE- controlled PDCP duplication may endanger the reliability performance when used as standalone.
Thus, we think that PDCP duplication with UE-based control should be enabled only in conjuction with network-based control, in which for instance the gNB may control dynamically the RLC entities to activate for PDCP duplication ensuring that the reliability/latency targets are met. We note that such gNB control of the active RLC entities for duplication has already been agreed at RAN#106 [Ref]. However, allowing the UE to make further decisions on top of the network adaptation may lead to inconsistency and ambiguity in case both the UE and network share the responsibility of a given adapation (e.g. about the use of a given leg). 
Observation 2: it could lead to ambiguity if both the network and UE updated the duplication decisions separately.
For instance, in the email discussion [3], with the scheme of UE-based leg selection, it was mentioned that the network could be in charge of controlling the number of copies, say N, whereas the UE could be allowed to select dynamically N RLC legs among a subset indicated as active by the network. As one example when applying this scheme, the network may configure and activate 4 RLC entities and 2 copies. Then it would be up to the UE to select 2 RLC entities within the 4 configured legs. If the leg selection is not properly determined by the UE, this may lead to performance degradation, which could in turn require the network to increase the number of copies to 3. 
In light of this, we think that the coexistence of network-based control of PDCP duplication with UE-based control (e.g. of leg selection) should be supported only under the condition that both UE and network have separate scopes to control to avoid conflicts, ambiguity, and potential performance degradation. This means for instance that the control of a certain parameter (say, the activation status of an RLC entity) cannot be adjusted by both the UE and the network. Instead, such control should be assigned to either the UE or the gNB.  
Proposal: RAN2 to discuss how to split the control of the activation status of an RLC entity between the UE and the network when UE-based and network-based control of duplication coexists.
Having said that, we still think Rel-16 should not complicate the specifications, so if RAN2 is unable to identify a simple implementation and clear benefits with UE-based control, it is preferable not to introduce the UE-based control type of scheme in Rel-16.
3	Conclusions
In this paper we provide our views toward UE-based control for PDCP duplication, and we have the following observations:
Observation 1: UE-based control for PDCP duplication would need to rely on UE’s accurate and updated knowledge of the system status (e.g. leg quality, system load), which may be difficult to fulfil in practice in all scenarios. Therefore, UE- controlled PDCP duplication may endanger the reliability performance when used as standalone.
Observation 2: it could lead to ambiguity if both the network and UE updated the duplication decisions separately.
Hence, we propose the following:
Proposal: RAN2 to discuss how to split the control of the activation status of an RLC entity between the UE and the network when UE-based and network-based control of duplication coexists.
Otherwise, Rel-16 should not consider any UE-based PDCP duplication control in order not to complicate the specifications without clear benefits.
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