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1	Introduction
According to the WID of NR IIoT [1], the following objectives will be addressed for PDCP duplication enhancement:
	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].




With PDCP duplication, two copies of a PDCP PDU is transmitted over different CCs within a CG (CA-based) or across two CGs (DC-based). Such mechanism allows the same data to be transmitted on two independent paths in the air interface, thereby exploiting the diversity gain to enhance reliability, which in turn also reduces the latency potentially caused by HARQ/ARQ re-transmissions. Although PDCP duplication is a promising feature to fulfil QoS targets with low latency and high reliability as required by URLLC services, it is notable that PDCP duplication could create more interference and increases queueing delay of other traffics. Moreover, transmitting unnecessary duplicates may result in additional power consumption of the UEs, which is indeed undesirable for many IoT devices for industrial purposes such as battery-powered sensors, actuators, and Automated Guided Vehicles (AGVs). Thus, it is desirable if PDCP duplication can be conducted in a more flexible and intelligent fashsion to improve the resource efficiency. In this contribution, we aim to review and compare some per-packet selective duplication schemes that have been proposed.
2	Discussion
When PDCP duplication is activated for a DRB, essentially all packets on this DRB will be duplicated and processed over multiple legs. To improve resource efficiency, the granularity of duplication could be brought to the per-packet level, so the transmitter may selectively determine whether a PDCP PDU should be duplicated and submitted to the secondary RLC entity for further processing. This section examines several possible selective duplication schemes for UL cases.
· Scheme 1: Timer-based Selective Duplication
In this scheme, the PDCP layer of the UE submits a PDCP PDU to the primary RLC entity, but does not submit the copy of the same PDCP PDU to the secondary RLC entity for further processing on the duplication leg immediately. Instead, a timer should start when the PDCP PDU is submitted to the primary leg. Prior to the timer expiration, the UE waits for an indication of successful transmission of the PDCP PDU on the primary leg. If such indication is not received upon timer expiration, the PDCP layer should submit the same PDU to the secondary RLC entity for duplicated transmission on another leg. Therefore, whether to duplicate a packet for processing on the secondary leg depends on whether an ACK for the original packet that has been transmitted earlier is received within a pre-defined time interval.

· Scheme 2: Cross-Leg Dependency-based Selective Duplication
In this scheme, whether a PDCP PDU should be submitted to the secondary RLC entity is depending on the performance, status or configuration of its counterpart packet (original copy) that has been processed on the primary leg. The concept is akin to autonomous activation/deactivation of PDCP duplication described in Section 2.1, where the information relating to transmission configured for the primary LCH is shared with the PDCP layer, so the PDCP layer can evaluate whether the original packet is processed in a reliable manner, in a bid to decide if the duplicated copy should be submitted to the secondary RLC entity for further processing.

· Scheme 3: Packet Type-based Selective Duplication
In this scheme, it is assumed that PDCP SDUs corresponding to QoS flows with different performance requirements or latency targets are mapped to the same DRB, and the PDCP entity can selectively decide which PDCP PDU should be duplicated and submitted to the secondary RLC entity for further processing, based on the QoS flow associating to this PDCP SDU (based on QFI or other indication). Such scheme does not consider the necessity of duplicated packet transmission based on the performance/status of its original copy. 
The three schemes discussed above have their own pros and cons. The summary of comparison among these schemes is tabulated in Table 1. As the objective of PDCP duplication enhancement in this WI is targeting to improve resource efficiency, Scheme 3 may not be useful from this point of view, because we can achieve the same goal of Scheme 3 simply by mapping QoS flows with different requirements to different DRBs. On the other hand, the potential issues such as complexity and reaction time in Scheme 1 and 2 may require further investigations, and it is questionable whether this WI has sufficient time to carry out more detailed study and evaluations in this regard. 
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	Per-Packet Selective Duplication Scheme
	Pros
	Cons

	Scheme 1: Timer-based Selective Duplication
	· The scheme is simple as only a timer is needed.
· The scheme takes inro account the actual performance of the original copy.
	· Slower reaction time – the decision can only be made after ACK is received on the other leg or upon timer expiration.

	Scheme 2: Cross-Leg Dependency-based Selective Duplication
	· Fast reaction time as the decision is made based on speculation of performance of the original copy.

	· Requires interaction between different protocol layers.
· Complexity of the scheme is relating to the pre-configured criteria to be used for decision.

	Scheme 3: Packet Type-based Selective Duplication
	· Simple and fast decision.
	· In practice the SDAP does not map QoS flows with different targets into the same DRB. E.g. TSN flows for IIoT applications should be handled in isolation to avoid potential queueing delay.
· No gain in resource efficiency as the packets (and duplicates) will be sent anyway.


 
Based on the discussion, as both autonomous activation/deactivation of PDCP duplication and per-packet selective duplication can somehow improve resource efficiency, RAN2 should decide if this is worthwhile to introduce both of the two features with the similar goal. Hence, we propose that enhancement of selective duplication is only considered as an alternative when autonomous activation/deactivation is not to be adopted.
Proposal:
RAN2 should preclude Per-Packet Selective Duplication at this stage and focus on autonomous activation/deactivation of PDCP duplication as the feature for efficiency enhancement in Rel-16.

3	Conclusions
In this paper we discussed different per-packet selective duplication schemes that have been proposed. Based on the analysis, it is noted that every scheme has its pros and cons. Provided that autonomous activation/deactivation of PDCP duplication (which achieves the similar goal) is also under investigation, we propose the following:
Proposal:
RAN2 should preclude Per-Packet Selective Duplication at this stage and focus on autonomous activation/deactivation of PDCP duplication as the feature for efficiency enhancement in Rel-16.
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