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1 Introduction

The NR IIOT WI [1] has the following objectives for PDCP duplication enhancements: 
	· 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].


Duplication is controlled using a MAC CE in Rel-15, which activates or deactivates the duplication status of a DRB. With the introduction of multiple legs for duplication, finer-grained control of the legs to duplicate data on is needed. In this contribution we introduce a new MAC CE format that is designed to dynamically and independently select the activation and deactivation state of each RLC entity that is configured for duplication in a DRB. 

2 Discussion
When a DRB is associated with more than two RLC entities for duplication, the MAC CE that controls the duplication status of that DRB needs to additionally provide the set of RLC entities on which duplicate data must be sent on. An example of how this can be achieved is shown in Figure 1.
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Figure 1: Packet Duplication MAC CE for 8 DRBs configured with 4 RLC entities each
This variable-sized MAC-CE orders DRBs in ascending order of DRB IDs, those DRBs configured with PDCP duplication, similar to the Rel-15 MAC CE [2]. For each DRB, a bitmap is present whose length is the number of RLC entities configured for duplication. This bitmap indicates the individual duplication activation/deactivation status of each RLC entity associated with the DRB. In this example, 8 DRBs are associated with 4 RLC entites whose duplication state is represented in bitmap form within the MAC CE construct. 
Observation 1:
The proposed MAC CE format can configure the activation/deactivation of PDCP duplication for each RLC entity associated with a DRB.

The MAC CE format described above lends itself to all possible combinations of PDCP packet duplication, and is future-proof. For instance, if three DRBs are configured with duplication with 3, 2 and 2 associated RLC entities respectively (as illustrated in Figure 2), their duplication state can be controlled using a single-octet MAC CE as shown in Figure 3.
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Figure 2: Packet duplication of 3 DRBs, configured with 3, 2 and 2 RLC entities
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Figure 3: Packet Duplication MAC CE for 3 DRBs, configured with 3, 2 and 2 RLC entities
Observation 2: The size of the proposed MAC CE is based on the number of DRBs configured for duplication along with the associated number of RLC entities.
Proposal 1: A new MAC CE format to control the activation and deactivation status of each RLC entity of each DRB configured for duplication is defined.

Proposal 2: Each RLC entity associated with a DRB configured with PDCP duplication bears a unique index (0 to 3) in order to identify its duplication status.
3 Conclusion

In this document we observed the following: 

Observation 1:
The proposed MAC CE format can configure the activation/deactivation of PDCP duplication for each RLC entity associated with a DRB.

Observation 2: The size of the proposed MAC CE is based on the number of DRBs configured for duplication along with the associated number of RLC entities.
On the basis of the above observations we propose:
Proposal 1: A new MAC CE format to control the activation and deactivation status of each RLC entity of each DRB configured for duplication is defined.

Proposal 2: Each RLC entity associated with a DRB configured with PDCP duplication bears a unique index (0 to 3) in order to identify its duplication status.
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