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1   Introduction
For Rel-16 IIOT WID [1], the detailed objectives for NR PDCP duplication enhancements are the following:
· 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].

RAN2 made the following agreements with respect to PDCP duplication enhancements:
Agreements in RAN2#105 [2]:
· PDCP duplication support a configuration delivering up to 4 copies.

· Up to 4 RLC entities/legs per bearer are possible to configure by RRC for PDCP duplication

· The NW can dynamically control (MAC CE or similar) how a set or subset of configured RLC entities or legs are used by the UE for PDCP duplication. This does not preclude other methods of leg selection. 

· The architectural combinations supported for the work on PDCP duplication enhancements are CA, DC(NR only) and DC+CA(NR Only)

· R2 assumes that For PDCP duplication, all RLC entities for a RB are configured using the same RLC mode.

Agreements in RAN2#106 [3]:
· Intention is that Copies are sent on different legs

· Dynamic Network control of DRB duplication is by MAC CE
· By the MAC CE, Network to control which of the configured RLC entities that is/are active

· Support the case that no of copies = no of active RLC entities 

To improve reliability & latency performance of UL PDCP duplication, it should be considered on UE-based PDCP duplication. In this contribution, the discussions for UE-based PDCP duplication activation/deactivation are proposed. In addition, the cell restriction problem for the case of UE-based PDCP duplication is discussed.
2   Discussion
In NR, URLLC services need highly reliable communication. The performance requirements of URLLC in Rel-15 are stringent with a target BLER of 10−5 within 1ms latency. This is even more challenging for the Rel-16 IIoT, which requires target BLER as low as 10−8 (or even 10−9) and less than 1ms latency. PDCP duplication is the key to low latency and high reliability from the higher layer aspects. It allows PDCP PDUs to be duplicated at the transmitting PDCP entity and sent over the associated RLC entities per bearer. The associated RLC entities for PDCP duplication is configured by RRC message and activated/deactivated by MAC CE. Such a function is discussed mainly to support URLLC and IIoT services. 
In Rel-15 NR, when PDCP duplication is activated, the PDCP entity with 2 active RLC entities can only be achieved by either CA configuration or by DC configuration. In Rel-16 NR, to support extremely reliable transmission, it is not reasonable to assume that 2 active RLC entities always operate with qualified reliability in MAC/PHY layer due to fast change of the channel conditions. So it has been agreed to enhance performance on supporting up to 4 active RLC entities per bearer for PDCP duplication in Rel-16 [2]. By supporting duplication with more than 2 active entities, the reliability requirements in MAC/PHY layer can be relaxed. However, with resource efficiency considerations, it is questionable whether all of the 4 configured RLC entities should be always activated at the same time.
Observation 1: In Rel-16 NR, configuring up to 4 active RLC entities per bearer for PDCP duplication can facilitate relaxing reliability requirements in MAC/PHY layer. However, with resource efficiency considerations, it is questionable whether all of the 4 configured RLC entities should be activated at the same time.
To improve reliability while avoiding excessive resource consumption, there are two alternatives for the configured RLC entity activation/deactivation. Alternative 1 is the network fully controls the activation/deactivation by sending associated MAC CEs to the UE. Alternative 2 is the UE can dynamically activate/deactivate the associated RLC entity according to the criteria provided by the network. Note that Alternative 2 is especially to facilitate UL PDCP duplication. Comparing to Alternative 1, Alternative 2 can reduce the transmission latency and signalling overhead for RLC entity activation/deactivation. Meanwhile, when Alternative 2 is supported, we need to make sure that the gNB exactly knows which criteria will be triggered by the UE. The inconsistency between gNB’s expectation and UE’s decision should be avoided at this time. In other words, if some ambiguity is happened between the gNB and the UE with respect to RLC entity activation/deactivation, the gain of Alternative 2 may be deteriorated. The state mismatch of RLC entity between the gNB and the UE may result in additional overheads and delays.
Observation 2: To improve reliability while avoiding excessive resource consumption, when UE-based RLC entity activation/deactivation is supported, we need to make sure that the gNB exactly knows which criteria will be triggered by the UE; otherwise, the gain of UE-based PDCP duplication method may be deteriorated.

On the other hand, the network could configure the architectural scenarios for CA-only, DC-only, or CA+DC(NR Only) duplication as shown in Figure 1. The examples are 4 legs configured in the corresponding scenarios in Figure 1. Some cell restriction problems based on UE-based PDCP duplication method should be further re-considered for URLLC/IIoT services. For instance, if UE-based method is supported and PDCP duplication is configured with CA-only scenario as shown in Figure 1 (a), it may impact the LCH-to-Cell restriction since the network could configure different cell restrictions for a given logical channel to reserve, for example, the shorter PUSCH duration for URLLC/IIoT services to reach the stringent reliability and latency requirements. If the cell restriction is kept upon the deactivation of PDCP duplication, it may reduce the resource utilization and results in resource consumption for the given cell. The same problem is also happened on CA+DC duplication scenario as shown in Figure 1 (c) and even more complicated since the configured LCH-to-Cell restriction is still applied to the given cell upon the deactivation of CA+DC duplication. The cell restriction problem for the given logical channel may have an adverse effect on the anticipated requirement based on the status of the other logical channels placed in SCG.
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Figure 1 The architectural configuration for PDCP duplication enhancements in Rel-16 NR
Observation 3: If UE-based PDCP duplication method is supported, the cell restriction problems upon the deactivation of PDCP duplication should be further re-considered for URLLC/IIoT services.

Currently, such cell restriction function is implemented by the LCP procedure and is configured/reconfigured by RRC message(s). If the RRC-based reconfiguration by gNB is applied to solve the above cell restriction problem, it may cause the significant signalling overhead and extra transmission delay due to the fast change of channel condition. There are some previous works to introduce a temporary LCP modification mechanism for fulfilling the service requirements of each logical channel. At this stage, we don’t see the urgent needs of the temporary LCP modification mechanism due to the complicated design. However, we see some benefits to re-consider the LCP behavior (e.g., UE autonomously changes LCP restriction based on configurable criteria) for reaching the strict reliability and latency requirements in UE-based PDCP duplication scenarios. It should be a simple re-design and less specification impact. Comparing to the previous works, the re-designed LCP behavior would be beneficial to improve resource efficiency for UE-based PDCP duplication.
Proposal: If UE-based PDCP duplication method is supported, RAN2 to re-consider the LCP behavior (e.g., UE autonomously changes LCP restriction based on configurable criteria) for reaching the strict reliability and latency requirements. It would be beneficial to improve resource efficiency.
3   Conclusion

Based on the discussion above, we kindly ask RAN2 to discuss and agree on the following proposals:
Observation 1: In Rel-16 NR, configuring up to 4 active RLC entities per bearer for PDCP duplication can facilitate relaxing reliability requirements in MAC/PHY layer. However, with resource efficiency considerations, it is questionable whether all of the 4 configured RLC entities should be activated at the same time.
Observation 2: To improve reliability while avoiding excessive resource consumption, when UE-based RLC entity activation/deactivation is supported, we need to make sure that the gNB exactly knows which criteria will be triggered by the UE; otherwise, the gain of UE-based PDCP duplication method may be deteriorated.
Observation 3: If UE-based PDCP duplication method is supported, the cell restriction problems upon the deactivation of PDCP duplication should be further re-considered for URLLC/IIoT services.
Proposal: If UE-based PDCP duplication method is supported, RAN2 to re-consider the LCP behavior (e.g., UE autonomously changes LCP restriction based on configurable criteria) for reaching the strict reliability and latency requirements. It would be beneficial to improve resource efficiency.
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