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1 Introduction

The revised study item on NR-Industrial Internet-of-Things (NR-IIoT) has targeted following enhancements in order to improve reliability and to reduce latency [1]
1) L2/L3 enhancements:
a) Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):
i) Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.
ii) PDCP duplication with more than two copies leveraging (combination of) DC and CA, whereupon data transmission takes places from at most two nodes: assessment of the gains, and if beneficial, study the associated solutions. 

iii) Potential impacts of higher layer multi-connectivity as studied by SA2.
In this paper, we propose a resource efficient PDCP duplication approach. This attempts to achieve the objective of increased reliability and reduced latency but with saving of radio resources.
2 Discussion
2.1 Resource efficient PDCP duplication
In order to achieve latency and reliability targets for NR Industrial IoT applications, PDCP duplication can be applied. However, it leads to significant transmission resource requirements. This may also turn out to be redundant particularly when the channel loss is limited. One of the drawback is the inability to get rid of redundant transmission or retransmissions at RLC layers (legs) when one of the other RLC legs have achieved successful transmission of same PDCP packet. This is due to inherent deficiency of the legacy behavior that implies a RLC SDU cannot be discarded in case the pertinent SDU or a segment thereof is already submitted for transmission [2] as specified in table below. In this case transmitting RLC needs to undertake unnecessary transmissions or retransmissions. The burden could be drastic particularly for NR-IIoT applications as two or potentially more copies of each PDCP packet are involved for transmissions. Moreover, this further delays the transmission and delivery of the next-in-line PDCP PDU. 
	5.4            SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.


Figure 1 depicts the problem scenario. As shown, PDCP sends the duplicate packet #1 to both RLC-1 and RLC-2 at the transmitter. Assuming only RLC-1 got ACK for the packet transmitted; packet #1 will be in the transmission buffer of RLC-2. When PDCP sends packet #2, it will be queued up in the transmission buffer of RLC-2 due to the pending transmission of packet #1. This will impact the overall performance of RLC-2 over time and reduce the intended benefits of packet duplication. As the packets are submitted to lower layers, the Tx entity will attempt further (re-) transmissions through RLC-2 even though ACK is received on RLC-1. This may increase the active period of the device and in turn, increase power consumption. Since the PDCP duplication issue is more prominent for low latency, low power applications, there is a need to get rid of unnecessary transmissions or retransmission and conserve the resources. 
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Figure 1. Problem Scenario 

Observation 1. There is significant resource cost with the PDCP duplication operation for NR-IIoT applications which is generated due to redundant transmissions. 
To avoid and reduce the redundant transmissions, we can consider header-only packet in which data part of the RLC PDU is discarded. More specifically, when PDCP indicates discard of the same PDCP packet to other RLC entities based on RLC ACK, RLC entity just discards only data part and sends the header-only packet (having sequence number, SN).
Peer RLC entity when receives header-only packet interprets discard of RLC Packet on transmitting RLC entity. As evident, there is no additional cost for signaling and interpretation of the discard at the peer entity is made automatically. Both Tx RLC and Rx RLC entities carry out ARQ and reassembly operation smoothly and significant resource efficiency is achievable.
 Proposal 1. It is feasible to discard RLC SDUs including those SDUs and segments thereof that are already submitted for transmission and avoid redundant transmissions associated with PDCP duplication for NR-IIoT applications. RAN2 should discuss and decide on the adoption of the approach based on header-only packet transmission.
2.2 Status information
Further, it may be feasible to provide transmission success status to all the RLC legs with the aid of HARQ feedback (with the assumption that some changes are needed at PHY/MAC layer). In certain cases, the latency constraints would imply that RLC status feedback are quite slow and UE would rather need to make use of HARQ ACK to interpret RLC ACK status for the packet. Moreover, this selective discard is supported only for RLC AM. For RLC UM, the Tx does not know the successful transmission. Therefore, it is possible to address different latency requirements of the services. In these scenarios, for example industrial robotic control, remote surgeries, it is critical to convey the acknowledgement at the earliest instead of waiting for the status report at the RLC level. Therefore, there is a need for mechanism where ACK at the RLC level is derived using the HARQ ACK for very low latency services (See Figure 2). 
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Figure 2. Status information building
Observation 2. There are services and scenarios where latency due to waiting for status message at the RLC level could be higher and unacceptable.
Observation 3. Usage of HARQ feedback for discarding duplicate at RLC layer may need some changes to the PHY/MAC layer. PHY layer feasibility needs to be studied in RAN1.
Proposal 2. RAN2 discuss the feasibility of mechanism where HARQ ACK is used to discard duplicate at RLC layer considering the benefits of avoiding wastage of resources in order to serve low latency applications
3 Conclusion

Based on the above, RAN2 is requested to discuss the following observations and proposals
Observation 1. There is significant resource cost with the PDCP duplication operation for NR-IIoT applications which is generated due to redundant transmissions. 

Observation 2. There are services and scenarios where latency due to waiting for status message at the RLC level could be higher and unacceptable.

Observation 3. Usage of HARQ feedback for discarding duplicate at RLC layer may need some changes to the PHY/MAC layer. PHY layer feasibility needs to be studied in RAN1.

Proposal 1. It is feasible to discard RLC SDUs including those SDUs and segments thereof that are already submitted for transmission and avoid redundant transmissions associated with PDCP duplication for NR-IIoT applications. RAN2 should discuss and decide on the adoption of the approach based on header-only packet transmission.
Proposal 2. RAN2 discuss the feasibility of mechanism where HARQ ACK is used to discard duplicate at RLC layer considering the benefits of avoiding wastage of resources in order to serve low latency applications
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