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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].




Conventionally, with PDCP duplication is configured and activated for a DRB, all packets (PDCP PDUs) on this DRB will be duplicated (i.e. submitted to more than one RLC entities for further processing). However, some of the duplicates may not be necessary because the receiver can already decode the data successfully based on one (i.e. the original) copy. Hence, from a resource efficiency point of view, it may be beneficial if only some (rather than all) packets are duplicated. Several per-packet duplication schemes have been proposed, and this contribution targets to describe some our views toward these options. In particular, we consider two main categories, namely packet-dependent selective duplication and performance-dependent selective duplication.
2	Packet-Dependent Selective Duplication
To determine which packet should be duplicated, while for which packet duplication is not needed, a simple way is to check the contents of the PDCP PDU. The PDCP entity established for a DRB, would process the packets belonging to QoS flows that are mapped to the DRB by the SDAP layer. Thus, it is assumed that data with very different QoS requirements are mapped to the same DRB, so the PDCP will only duplicate the PDCP PDUs containing more strict performance requirement such as reliability and latency.
Note that, UL QoS flow to DRB mapping rule can be either configured by the gNB, or based on reflective mapping (i.e. following the same mapping rule for DL). Hence, both QoS flow to DRB mapping mechanisms are solely controlled by the gNB. In practice, a properly designed gNB would not instruct an UE to map QoS flows with very different requirements to the same DRB, and that is the main purpose of SDAP layer – to perform appropriate mapping between QoS flow and DRB. Specifically, in order to avoid queuing delay, typically it is undesirable to map delay-senstive traffics such as URLLC/TSC (for which PDCP duplication is more likely to be configured) onto the same DRB with traffics that are less delay-sensitive and do not need duplication (e.g. eMBB). Thus, the resource efficiency improvement (which is the main goal of this WI) can already be achieved today as long as the mappig rules are appropriately determined by the gNB, and typically the situation with both packets that do require duplication and do not require duplication is very rare. 
Therefore, introducing per-packet selective duplication based on the associated QFI is an “overkill”, as the need of such scheme could be eliminated from the very beginning via appropriate mapping, which can be achieved by proper gNB implementation. 
Observation 1: UL QoS flow to DRB mapping rules are basically determined by the gNB (via configuration or reflective mapping), and a properly implemented gNB would not map QoS flows with very different requirements onto the same DRB.
Besides, a cross-layer interaction between PDCP and SDAP layers is needed for PDCP to know the QFI associating to a packet, hence it adds implementation complexity in general. Apart from QFI, some proposals also suggested that duplication can be only applied to particularly important packets, such as the packets carrying I-Frame of the video. In our understanding, it would require the PDCP layer to look into application layer, which is even more complicated as RAN and application layer are typically not co-located. 
Observation 2: Packet-Dependent duplication may require cross-layer interaction that potentially increases complexity of implementation.
Based on the discussion above, from our perspective the applicability of such scheme is not justified as the problem can be solved directly with gNB implementation, and potentially this scheme increases UE implementation complexity due to cross-layer interaction. Thus, introducing such feature in Rel-16 is unnecessary and inappropriate.
Proposal 1: Packet-Dependent duplication based on, e.g. QFI or information type etc, should not be considered for Rel-16.
3	Performance-Dependent Selective Duplication
Another per-packet selective duplication scheme is relating to instantaneous performance. For instance, the UE may determine if a duplicated PDCP PDU should be processed by the lower-layer, depending on the status of its original copy. That is, based on the reception of the performance indicator (e.g. ACK/NACK) relating to the original copy transmitted on one leg, the UE decides if a duplicate should be further processed or dropped. Note that the performance indicator could be HARQ-based or RLC ARQ-based (only applicable to RLC AM). Given that it is less likely to use RLC AM for URLLC traffics and the potentially longer delay with the RLC ACK/NACK, we think HARQ feedback is a better metric for such a scheme. 
In addition, a timer could be introduced at the RLC layer for each packet, which starts when the original copy is processed and transmitted. Then, if the performance indicator is not received upon expiration of the timer, the duplicated copy should be processed immediately. Otherwise, it could be dropped if transmission of the original copy is deemed to be successful. Thus, a packet is duplicated only if there is a high probability of transmission failure. 
Moreover, to curtail the “waiting time” of such ACK/NACK feedback, the UE could even decide if the duplication is needed earlier based on how the transmission of the original copy is configured in the lower layer (e.g. if the original copy is sent on a sufficiently reliable radio resource), which is relating to parameters such as MCS, TX power, or number of repetitions associating to the uplink grant used for transmitting the original copy.
Essentially the decision criteria of this scheme is directly relating to the performance (or expected performance based on parameters configured for transmission) of the original copy. Thus, it achieves additional resource efficiency gain as compared to the existing PDCP duplication scheme. Nevertheless, we must point out that, akin to packet-dependent duplication, the complexity of such scheme could be also quite high due to cross-layer interaction.
Observation 3: Performance-Dependent duplication is based on the performance (or expected performance) of the original copy, which is able to achieve resource efficieny gain comparing to the existing PDCP duplication. However, the operation of which also requires some cross-layer interaction.
 
4	Discussion
Based on the analysis above, apparently both schemes have certain level of complexity. Nevertheless, considering the objective of this WI is to improve resource efficiency, performance-dependent duplication seems to be more beneficial, as we can already achieve the resource efficiency promised by packet-dependent duplication today via proper gNB-implementation. Therefore, if it is agreed that RAN2 should introduce per-packet selective duplication in Rel-16, we think adopting performance-dependent selective duplication is more appropriate than packet-dependent selective duplication. 
Proposal 2: If RAN2 agree to introduce per-packet selective duplication in Rel-16, then the schemes based on performance-dependent selective duplication should be prioritized.

5	Conclusions
In this paper we discussed two categories of per-packet selective duplication, namely packet-dependent selective duplication and performance-dependent selective duplication.
For packet-dependent selective duplication, the following observations are made:
Observation 1: UL QoS flow to DRB mapping rules are basically determined by the gNB (via configuration or reflective mapping), and a properly implemented gNB would not map QoS flows with very different requirements onto the same DRB.
Observation 2: Packet-Dependent duplication may require cross-layer interaction that potentially increases complexity of implementation.
And hence we propose:
[bookmark: _GoBack]Proposal 1: Packet-Dependent duplication based on, e.g. QFI or information type etc, should not be considered for Rel-16.
For performance-dependent selective duplication, we observed that:
Observation 3: Performance-Dependent duplication is based on the performance (or expected performance) of the original copy, which is able to achieve resource efficieny gain comparing to the existing PDCP duplication. However, the operation of which also requires some cross-layer interaction.
Based on the analysis and comparison, we propose:
Proposal 2: If RAN2 agree to introduce per-packet selective duplication in Rel-16, then the schemes based on performance-dependent selective duplication should be prioritized.
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