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1 Introduction
In RAN#83 plenary meeting, a New WI on Support of NR Industrial Internet of Things (IoT) [1] is agreed. In the WID, the objectives for NR PDCP duplication enhancements are described as following: 
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].

…

In this contribution, we would like to discuss the configuration by RRC for PDCP duplication with up to 4 RLC entities and the enhancements for activation/deactivation of PDCP duplication required in this new WI. 
2 Discussion 
2.1 PDCP duplication configuration

In the new IIoT WI, RRC signaling is expected to provide up to 4 RLC entities/legs configuration for PDCP duplication, as described in the following objective:

· 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].
In NR Rel-15 RRC signalling, the UE can be configured with one or two cell groups. In a cell group, one or more RLC bearer configurations can be configured and each RLC bearer configuration can be configured to serve a radio bearer (SRB or DRB). In our understanding, this Rel-15 signalling structure can be taken as the baseline for Rel-16 duplication configuration. For PDCP duplication in CA only scenario, the RLC entities within one cell group can be configured to serve a radio bearer. For PDCP duplication in NR-DC in combination with CA scenario, some of the up to 4 RLC entities in MCG and the other of the up to 4 RLC entities in SCG can be configured to serve a radio bearer to be configured with duplication. 
Observation 1: The Rel-15 signaling structure of can be taken as the baseline for Rel-16 duplication configuration. 
In the NR Rel-15 PDCP configuration of a radio bearer, the cell group id and the logical channel identity of the primary path can be explicitly notified. The primary path is used for data transmission if CA duplication is deactivated or if DC duplication is deactivated and the total amount of PDCP data volume and RLC data volume pending for initial transmission is lower than a threshold. For the Rel-16 duplication enhancements, it could be discussed whether the configuration of primary path is still necessary. As described by the objective of the WI, mechanisms will be investigated relating to dynamic control of a set or subset of configured RLC entities or legs to be used for PDCP duplication. With the mechanisms, the path for data transmission when duplication is deactivated can also be controlled. So the need of the configuration of primary path is not very clear. 
Observation 2: The need of primary path configuration in RRC signalling seems not clear in Rel-16 duplication enhancements. 
In Rel-15 DC, duplication and split-bearer share the common signaling structure as described above, and the presence of pdcp-Duplication IE can indicate whether PDCP duplication is configured for the radio bearer. In Rel-16 duplication enhancements, it seems difficult for a radio bearer with up to 4 RLC entities configured for duplication to continue sharing the signalling structure with a split-bearer which has at most 2 RLC entities. It would be more straightforward that the configuration of RLC entities/legs for the enhanced PDCP duplication can be signalled independently of split-bearer configuration. 
Observation 3: It is difficult for a radio bearer with up to 4 RLC entities configured for duplication to continue sharing the signalling structure with a split-bearer which has at most 2 RLC entities.
Therefore, the configuration of RLC entities/legs for the enhanced PDCP duplication should be further studied taking the above observations into account. 
Proposal 1: The RRC configuration of RLC entities/legs for the enhanced PDCP duplication should be reconsidered, e.g. on the need of primary path configuration and whether to share a common signalling structure between duplication and split-bearer. 
2.2 PDCP duplication activation/deactivation

Another two objectives for NR PDCP duplication enhancements in the WI are related to dynamic control and activation/deactivation enhancements of PDCP duplication: 

· 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].

In NR Rel-15, PDCP duplication can be activated by RRC signaling by setting the pdcp-Duplication IE to be true. In Rel-16 duplication enhancements, if this option is still followed, it could mean all the (up to 4) RLC entities/legs are activated for duplication transmission. As some of configured RLC entities/legs may not have good enough quality to provide comparable performance for duplication transmission and dynamic control of a set or subset of configured RLC entities/legs used for PDCP duplication would be specified in this WI, we think the benefits of semi-static RRC activation of the RLC entities/legs for PDCP duplication is not obvious. 
Proposal 2: RRC activation of PDCP duplication is not needed. 

For dynamic control of a set or subset of configured RLC entities for duplication, MAC CE seems more suitable. In Rel-15, duplication activation/deactivation MAC CE is introduced with each bit in the MAC CE indicating the activation/deactivation of PDCP duplication for a DRB configured with duplication, and both MCG and SCG can send the MAC CE. In Rel-16, this MAC CE may need to be enhanced by indicating the specific RLC entities/legs to be activated or deactivated for a radio bearer. Alternatively, a new MAC CE can be introduced in Rel-16 for this function. 
About the enhanced/new MAC CE, there are some issues: 
· Which cell group (MCG and/or SCG) would generate and send the MAC CE? 
· Do MCG and SCG need some coordination for aligning the duplication activation/deactivation status of RLC entities/legs? 

· Would the MAC CE include information on the RLC entities/legs in one cell group or in both cell groups?

· Should the UE send a confirmation message for alignment of the activation/deactivation status?

We assume that these issues may need further discussion in the WI. 

Proposal 3: MAC CE is be used to indicate the information on the RLC entities/legs to be activated or deactivated for a radio bearer. 
As indicated in the objective of the WI, for more resource efficient PDCP duplication, PDCP duplication activation/deactivation mechanisms can be enhanced e.g. based on MAC CE or based on UE configurable criteria. 
In our opinion, MAC CE based solution should be supported. The decision on UL PDCP duplication activation/deactivation and leg selection can be based on some available measurements or information at the network side. For example, if none/few PDCP PDUs are received from a leg, the network can  deactivate this leg to save resources. On the other hand, the benefits of duplication activation/deactivation mechanism based on UE configurable criteria is not so clear in addition to saving some signaling overhead caused by MAC CEs. In this mechanism, the criteria and the corresponding configurations for leg selection in the UE should be specified. However, this increases the complexity in the UE behaviors and should be further discussed. 
Proposal 4: The benefits of duplication activation/deactivation mechanism based on UE configurable criteria should be further evaluated. 
3 Conclusion

In this contribution, some discussions on the configuration and activation/deactivation of PDCP duplication are provided. We have the following observations and proposals.  
Observation 1: The Rel-15 signaling structure of can be taken as the baseline for Rel-16 duplication configuration. 
Observation 2: The need of primary path configuration in RRC signalling seems not clear in Rel-16 duplication enhancements. 
Observation 3: It is difficult for a radio bearer with up to 4 RLC entities configured for duplication to continue sharing the signalling structure with a split-bearer which has at most 2 RLC entities.
Proposal 1: The RRC configuration of RLC entities/legs for the enhanced PDCP duplication should be reconsidered, e.g. on the need of primary path configuration and whether to share a common signalling structure between duplication and split-bearer. 
Proposal 2: RRC activation of PDCP duplication is not needed. 

Proposal 3: MAC CE is be used to indicate the information on the RLC entities/legs to be activated or deactivated for a radio bearer. 
Proposal 4: The benefits of duplication activation/deactivation mechanism based on UE configurable criteria should be further evaluated. 
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