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1 Introduction
In RAN #83 meeting, a WID on support of NR Industrial Internet of Things (IoT) has been approved. The objective of NR PDCP duplication enhancement is presented as follows [1]:
	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].


For IIOT scenario, if all packets needs to be duplicated and sent over 2 or more legs, air interface resource might be drained out. In this contribution, we focus on the enhancement of RLC status report over air interface for DC-based PDCP duplication and aim to reduce the probability of redundant transmission.  
2 Discussion
2.1 Review of the current mechanism of packet discarding for PDCP duplication
According to the TS 38.300, in the context of PDCP PDU duplication, when a RLC entity acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the other RLC entity to discard it. For DC-based PDCP duplication, since the two RLC entity are in two nodes, such discard indication should be transferred over the Xn interface. The detailed procedure is indicated as follows:
· Step 1: RLC status report is transmitted from the UE to the node (Master node/Secondary node) transmitted the RLC PDU to the UE over the air interface
· Step 2: from the RLC status report, the node (Master node/Secondary node) will infer the transmission status of the corresponding PDCP PDUs.
· Step 3: PDCP packet discarding indication might be transmitted from the node (Master node/Secondary node) to the other one node (Secondary node/Master node) via the Xn interface, if any PDCP PDU has been found as being received by the UE successfully.
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Figure 1: conventional packet discarding mechanism for DC-base packet duplication operation
The issue is that transmission of the PDCP packet discarding indication over the Xn interface might be too slow for the receiving node to discard the duplicated PDCP PDUs in time, which results in redundant transmission of the packet from the second node to the UE.
Observation 1: transmission of the PDCP packet discarding indication over the Xn interface might be too slow for the receiving node to discard the duplicated PDCP PDUs in time, which results in unnecessary redundant transmission of the packet from the second node to the UE over air interface.
2.2 Enhancement of RLC status report transmitted over air interface for DC-based PDCP duplication

To resolve the problem shown in the observation 1, one enhancement solution could be to enable UE to transmit the RLC Status report towards both nodes. Suppose the secondary node has sent the packet to the UE, but due to the transmission speed limitation, master node has not yet begun to send packet towards the UE. The PDCP PDUs are still stored in the buffer of the secondary node. At meanwhile, the UE sends the RLC status report directly to the secondary node via air interface. If the information of mapping of PDCP PDUs to RLC PDUs has been already provided by the master node via Xn interface, or by the UE via air interface, the duplication version of the PDCP PDUs that have been received by the UE successfully could be discarded in the Secondary node buffer, if it has not yet been processed by the RLC layer.
The detailed enhanced packet discarding mechanism for DC-based packet duplication operation is shown in the following figure. Compared with the currently implemented RLC status report feedback mechanism, it could be found that the operation of transmission of the RLC status report over Xn interface is not needed. As a result, the probability of successful discarding of the redundant PDCP PDUs instead of letting them be processed by the RLC layer and the air interface is improved. 
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Figure 2: enhanced packet discarding mechanism for DC-based packet duplication operation
Observation 2:  In DC-based PDCP duplication scenario, transmission of downlink RLC status report over the Xn interface to the other node is not needed, if transmission of downlink RLC status report of the master node/secondary node towards the secondary node/ master node could be done, which improves the probability of successful discarding of the unnecessary redundant PDCP PDUs. 
Obviously, to achieve this solution, two enhancements should be made:
· After RLC layer at either of two nodes segments PDCP PDUs, the information of mapping from PDCP PDU to RLC PDU is transmitted to the other node via the Xn interface.
· The gNB is authorized to ask the status report of the transmission of the downlink RLC PDUs of the other one from the UE. And the RLC status report for the two gNBs should be differentiated. In our opinion, 1 bit in the RLC status report is sufficient. For example, ‘0’ on the designated bit implies that the RLC status report is for the receiving gNB’s RLC status report; ‘1’ on the designated bit implies that the RLC status report is for the other gNB’s RLC status report. 
Proposal 1: kindly asks RAN2 to agree that the downlink RLC status report should be differentiated, such that the gNB when receiving it could judge if the downlink RLC status report reflects its own RLC PDU transmission status or of the other node.
Proposal 2: kindly asks RAN2 to agree that the transmission of the information of mapping from PDCP PDUs to RLC PDUs is beneficial in terms of improving the probability of successful discarding of unnecessary redundant PDCP PDUs and should be adopted.
Proposal 3: kindly asks RAN2 to send a LS to RAN3 to study the feasibility of including the information of mapping from PDCP PDUs to RLC PDUs in the Xn message. 

3 Conclusions

In this paper, the following observations and proposal are given:
Observation 1: transmission of the PDCP packet discarding indication over the Xn interface might be too slow for the receiving node to discard the duplicated PDCP PDUs in time, which results in unnecessary redundant transmission of the packet from the node to the UE over air interface.
Observation 2:  In DC-based PDCP duplication scenario, transmission of downlink RLC status report over the Xn interface to the other node is not needed, if transmission of downlink RLC status report of the master node/secondary node towards the secondary node/ master node could be done, which improves the probability of successful discarding of the unnecessary redundant PDCP PDUs. 

Proposal 1: kindly asks RAN2 to agree that the downlink RLC status report should be differentiated, such that, when receiving it, the gNB could judge if the downlink RLC status report reflects its own RLC PDU transmission status or of the other node.
Proposal 2: kindly asks RAN2 to agree that the transmission of the information of mapping from PDCP PDUs to RLC PDUs is beneficial in terms of improving the probability of successful discarding of unnecessary redundant PDCP PDUs, and therefore should be adopted.
Proposal 3: kindly asks RAN2 to send a LS to RAN3 to study the feasibility of including the information of mapping from PDCP PDUs to RLC PDUs in the Xn message. 
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