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1	Introduction
In the WID of NR IIoT [1], the following scope relating to PDCP duplication enhancement has been identified:
	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].




To improve reliability/latency performance of PDCP duplication, it has been concluded in the SI phase that enhancement on supporting up to 4 RLC entities per DRB could be specified in Rel-16. Nevertheless, it is questionable whether all of the RLC entities should be activated concurrently, as transmitting more than 2 copies of PDCP PDUs result in higher resource consumption but the performance improvement of which is not confirmed to be worthwhile. On the other hand, configuring multiple RLC entities with dynamic control among them (e.g. dynamic activating a subset of RLC entities and/or carriers) may be beneficial in terms of achieving better performance compared to Rel-15 without using more radio resources. This contribution discusses dynamic control of the configured RLC entities and/or LCHs for UL PDCP duplication.
2	Discussion
Configuring more than 2 RLC entities may be beneficial in terms of performance improvement for PDCP duplication, and flexible switching of the legs among these configured RLC entities could be a cost-effective approach to achieve higher diversity gain. Having said that, due to the issues such as resource constraints and implementation complexity of a mobile terminal, establishing more than 2 RLC entities at the UE for uplink PDCP duplication od a DRB could be undesirable due to complexity. From this perspective, if the ultimate goal of configuring more than 2 RLC entities for a DRB is simply to achieve flexible duplication via dynamic leg switching, then actually the same goal can still be achieved even if there are only 2 RLC entities established for uplink. More specifically, as long as the allowed serving cell for one (or both) of the LCHs (corresponding to the 2 RLC entities) can be changed dynamically, the goal similar to of switching the active RLC entities can be reached with much lower processing and implementation complexities.
Observation 1: 
Dynamic switching of allowed serving cell for one (or both) of the LCHs corresponding to the 2 RLC entities could be a more cost-effective alternative for UL PDCP duplication, as compared to schemes based on dynamic leg switching among more than 2  RLC entities.
In a nutshell, we think flexible uplink PDCP duplication exploiting leg pair switching could be realized via two possible options (as illustrated in Figure 1):
[image: ]
Figure 2 The two alternative options to realize flexible duplications.
· Option 1: Establish (with RRC configuration) n>2 RLC entities, and dynamically select a pair (m=2) of RLC entities.
· Option 2: Establish (with RRC configuration) n=2 RLC entities, and dynamically switching the set of serving cells that data from either or both corresponding LCH(s) can be mapped to.
For uplink, Option 2 could be more suitable as establishing too many RLC entities is less desirable for UEs, considering resource constraints and implementation complexity. Hence, uplink PDCP duplication with Option 2 should be specified. 
Proposal 1: 
For UL PDCP Duplication, dynamic switching of LCH mapping restrictions relating to allowed serving cell(s) for each LCH should be supported.
[bookmark: _GoBack]Moreover, in cases where the radio path for one leg/carrier is severely blocked/shadowed, it is very likely that consecutive packets to be transmitted on this leg will be failed, and it is not guaranteed that the gNB is able to detect such situation in a timely manner such that the survival time requirement (needed by some IIoT applications) can still be fulfilled. Additionally, consecutive packet failure may also be caused by the interference toward the duplication link whose magnitude increases suddenly, or errors in link adaptation that cannot be compensated by sufficiently fast ACK/NACK mechanisms. All these scenarios may result in catastrophic events for operations of certain applications with strict survival time requirements. In light of this, some proactive leg switching mechanisms based on certain (pre-configured) cyclic pattern could be used. By changing the set of legs involved in duplication proactively in a per-packet manner (with a switching pattern pre-configured by the gNB), transmission of consecutive PDCP PDUs from the same leg can be avoided. This in turn reduces the probability of consecutive packet errors that would eventually lead to violation of survival time requirement.
Proposal 2: 
Proactive leg switching based on certain cyclic pattern can be considered to avoid consecutive packet errors, in order to fulfill survial time requirments of IIoT applications.
In addition to switching of RLC entity or allowed serving cell(s) per LCH at the UE, it is also possible to dynamically adapt the LCP parameters of one or more LCHs relating to duplication for a DRB, depending on prevailing status such as data transmission performance. For instance, when the LCH associating to the primary RLC entity (primary LCH) is mapped to a serving cell with good radio link quality and hence meeting the target performance easily, it is less necessary for data from the LCH associating to the secondary RLC entity (secondary LCH) to consume more radio resources. Therefore, the LCP parameters such as priority and/or PBR of the secondary LCH could be decreased temporarily, so more spare radio resources can become available for other traffics to use. The LCP parameters of the LCH could be switched back to the default setting again based on certain timer or triggering condition.
Proposal 3: 
For UL PDCP Duplication, dynamic adaptation of LCP parameter(s) for each LCH should be supported.
In all cases of dynamic control for UL duplication mentioned above, including switching of RLC entities, switching of allowed serving cells, and switching of LCP parameters per LCH, the control mechanism can be enabled based on the following alternatives:
· Alt 1: Control by gNB, 
· Alt 2: Triggered by UE based on pre-configured criteria,
· Alt 3: Combination between Alt 1 and Alt 2.
In the alternative based on gNB-control (Alt. 1), the gNB may dynamically send a DL control signal such as MAC CE to change the UE behavior toward UL PDCP duplication. For Alt. 2, on the other hand, a UE could autonomously change the settings relating to UL PDCP duplication based on whether certain pre-configured (via RRC) criteria are met. Apparently, Alt. 1 is easier from a system point of view as the gNB is able to govern the UE behavior. However, Alt.2 is advantageous in terms of faster reaction time and lower overhead of dynamic signaling. Hence, Alt. 3 with certain optimizations could be considered, so the setting relating to UL PDCP duplication can be dynamically changed based on both instructions from the gNB and pre-configured criteria. Moreover, depending on the type of adaptation, different control mechanism can be applied.
Proposal 4: 
To dynamically control the setting (e.g. selection of RLC entity, allowed serving cell, and LCP parameters) for UL PDCP duplication, the following alternatives of controlling mechanisms can be considered depending on the type of adaptation:
· Alt 1: Control by gNB, 
· Alt 2: Triggered by UE based on pre-configured criteria,
· Alt 3: Combination between Alt 1 and Alt 2.
3	Conclusions
This paper considers dynamic adaptation of PDCP duplication for UL PDCP duplication enhancement to be specificed in Rel-16. 
Observation 1: 
Dynamic switching of allowed serving cell for one (or both) of the LCHs corresponding to the 2 RLC entities could be a more cost-effective alternative for UL PDCP duplication, as compared to schemes based on dynamic leg switching among more than 2  RLC entities.
Furthermore, we have the following proposals:
Proposal 1: 
For UL PDCP Duplication, dynamic switching of LCH mapping restrictions relating to allowed serving cell(s) for each LCH should be supported.
Proposal 2: 
Proactive leg switching based on certain cyclic pattern can be considered to avoid consecutive packet errors, in order to fulfill survial time requirments of IIoT applications.
Proposal 3: 
For UL PDCP Duplication, dynamic adaptation of LCP parameter(s) for each LCH should be supported.
Proposal 4: 
To dynamically control the setting (e.g. selection of RLC entity, allowed serving cell, and LCP parameters) for UL PDCP duplication, the following alternatives of controlling mechanisms can be considered depending on the type of adaptation:
· Alt 1: Control by gNB, 
· Alt 2: Triggered by UE based on pre-configured criteria,
· Alt 3: Combination between Alt 1 and Alt 2.
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