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1.
Introduction

During the Study Item phase, it is agreed up to 4 legs can be configured for PDCP duplication. 
In TR 38.825, it is further observed that:

	· Duplication increases overhead as well as protocol complexity and use of more than two copies is not expected to be a common configuration.


In the scope of the Work Item of IIoT [1], the resource efficiency of PDCP duplication is listed as one of the objectives:
	· 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. 


In this contribution, we will evaluate dynamic carrier selection using MAC CEs as a method to enable efficient and flexible PDCP duplication.
2. Discussion 
In R15, one bearer configured with PDCP duplication contains no more than 2 legs based on either CA or DC. According to the LS sent by RAN1, the following conclusions are specified [3]:
	On reliability analysis using single UE link level evaluations, RAN1 makes the following conclusions: 

For the cases where the one-way latency target can be achieved, it was observed that the reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR for the 5%-ile SINR geometry (e.g. cell-edge UE) in use case I based on the agreed methodology and assumptions from RAN1#95 (without PDCP duplication). It is RAN1 conclusion that PDCP duplication is not always available/applicable.


From the above conclusion, we can see even for cell-edge UE, using one leg can achieve 1e-4 to 1e-6 reliability. Thus this generally means that1e-8 to 1e-12 reliability can be fulfilled with two-leg duplication, but it is for sure that achieving such a reliability at the cell edge would be at the expense of resource efficiency, i.e. lower MCS and more resources consumed for each packet.  Furthermore, in IIoT WI, we will further enhance duplication by extending to up to 4 legs, which means that more reliability can be achieved, but the resource efficiency problem may be further deteriorated.

Observation 1: PDCP duplication and its enhancement to up to 4 legs can meet the reliability requirement of 1e-8 for IIoT at the expense of the lower resource efficiency.

To improve the resource efficiency, it is effective to make sure that only the carriers of best channel conditions are used for duplication transmission. However, as each leg is associated with some fixed carriers by RRC when it is configured for duplication, different carriers associated to the same leg may be of different channel qualities and the channel condition on each carrier varies as the UE moving. As a consequence, scheduling on the carrier with worse channel quality would cause lower resources efficiency. One may think that the network can always make sure that only the carrier with better quality is scheduled. Actually the UE may have different kinds of services, including both IIoT and services with normal QoS requirements. Only scheduling the carrier with better quality may not be sufficient to meet the data rate requirement of all services, and actually it is more efficient if the carrier of worse quality can also be scheduled to support the services of normal QoS requirements.

Observation 2: A cause for the resource inefficiency problem in PDCP duplication is that the legs may be associated with some carriers with poor channel quality, and even there are some carriers with better quality configured for duplication, the total resource efficiency performance would be deteriorated.
Note that the problem can still happen even if up to 4 legs are configured for duplication and a subset of these legs can be dynamically selected for duplication, as long as there are multiple carriers configured in a same leg and there is a carrier is of worse channel condition.

To achieve better resource efficiency, a MAC CE can be used to dynamically select the best carriers applied for packet duplication to support URLLC/IIoT services, and as a result other carriers can be left to schedule other services of the UE. This can be seen as a complementary solution to duplication of up to 4 legs.
Proposal 1: Enhance resource efficiency for PDCP duplication by using MAC CEs to dynamically select suitable carriers applied for duplication.
3. Conclusion
In this contribution, we have the following observations and proposals.
Observation 1: PDCP duplication and its enhancement to up to 4 legs can meet the reliability requirement of 1e-8 for IIoT at the expense of the lower resource efficiency.

Observation 2: A cause for the resource inefficiency problem in PDCP duplication is that the legs may be associated with some carriers with poor channel quality, and even there are some carriers with better quality configured for duplication, the total resource efficiency performance would be deteriorated.

Proposal 1: Enhance resource efficiency for PDCP duplication by using MAC CEs to dynamically select suitable carriers applied for duplication.
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