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1 Introduction

During the RAN2-NR Ad Hoc meeting, RAN2 discussed how to support performance requirements of URLLC through packet duplication in multi-connectivity or link selection. The following was agreed [1]:
Agreements:

1:  Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)

FFS whether packet duplication should also be supported for LTE-NR dual connectivity


2:  The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

This contribution discusses further implementation aspects for packet duplication at PDCP. 
2 PDCP Packet Duplication for Split Bearers
2.1 Configuration and Activation of Duplication
Depending on service QoS requirements and latency of backhaul links between the MeNB and the SeNB, packet duplication may be configured for a split radio bearer, which can include a SRB.

Proposal 1:
PDCP packet duplication is configured by RRC signaling per split radio bearer.

Assuming PDCP packet duplication can be configured per UE using higher layer signaling, duplication for a configured UE can be further controlled by the network through certain criteria. Whether or not duplication is useful during the lifetime of the bearer may be a further function of UE mobility, cell resource availability, backhaul loads and latency, and whether duplication is wasteful or not. For example, packet duplication may not be desirable in situation where the X2 link between the gNBs involved in multi-connectivity experiences transient high load and/or high latency, or in scenarios of high cell load (control and/or data) for one of the cell groups applicable to the split bearer. Therefore, the network should have additional means to control the use of PDCP duplication in the UE.

Proposal 2:
When PDCP packet duplication is configured, it may be activated and deactivated dynamically through downlink control signaling.

Further, in latency stringent scenarios, it can be beneficial for the UE to initiate duplication on its own based on triggering certain criteria (e.g. relating to measurements of L1, L2 signals, or RRM and RLM events).  This is beneficial in case high priority URLLC data requires minimal latency, or in error-handling scenarios if network control activation signaling was not received correctly.

Proposal 3:
When PDCP packet duplication is configured, the UE should have means to autonomously activate and deactivate PDCP packet duplication based on configured criteria.

If UE autonomous activation of PDCP packet duplication is supported, the network should however have means to override such UE decision. This may be the case when the network determines that duplication would not be useful or possibly wasteful. For example, the UE can receive a configuration of prohibit timer (PDCP duplication prohibit timer) upon configuration of the split bearer with PDCP packet duplication. UE starts the timer when it receives control signaling from the NW indicating that PDCP duplication should be deactivated. The UE may autonomously activate duplication when the timer is expired. The timer may be set to infinity to disable UE autonomous activation of PDCP duplication.

2.2 UL Scheduling Aspects
In the context of URLLC packet duplication at PDCP, the UE should report data in its PDCP buffer to each MAC entity in multi-connectivity, in order to ensure that sufficient resources may be granted to the UE. From a L2 point of view, duplicated data is considered as new data available for transmission, and thus should be reported and transmitted in the same manner as other data.
Proposal 4:
For the purpose of MAC buffer status reporting, the UE MAC includes any amount of data resulting from the PDCP duplication function as data available for transmission.

In order to achieve the desired reliability from link diversity, data duplicates must use separate uplink grants, where each grant is unique per cell group. The assignment between each PDCP duplicate PDU and a specific MAC entity should be done as soon as the duplicate PDUs are generated in PDCP. This is necessary in order for the UE to trigger BSR/SR to each applicable MAC entity.
Proposal 5:
For resource allocation based on dynamic scheduling, the UE assigns each duplicate PDCP PDU to different MAC entities and triggers BSR/SR for each applicable MAC entity when PDCP duplication is active.
3 Conclusion

RAN2 should discuss the above and use the following proposals for URLLC packet duplication in PDCP:
Proposal 1:
PDCP packet duplication is configured by RRC signaling per split radio bearer.

Proposal 2:
When PDCP packet duplication is configured, it may be activated and deactivated dynamically through downlink control signaling.

Proposal 3:
When PDCP packet duplication is configured, the UE should have means to autonomously activate and deactivate PDCP packet duplication based on configured criteria.

Proposal 4:
For the purpose of MAC buffer status reporting, the UE MAC includes any amount of data resulting from the PDCP duplication function as data available for transmission.

Proposal 5:
For resource allocation based on dynamic scheduling, the UE assigns each duplicate PDCP PDU to different MAC entities and triggers BSR/SR for each applicable MAC entity when PDCP duplication is active.
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