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In IIOT WID, one of objectives is to support enhanced PDCP duplication as following.
	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].


According to the above description, CA duplication with up to 4 RLC entities needs to be supported. In this contribution, we will discusses how to support CA duplication with multiple legs.
Discussion
In R15, MCG or SCG bear with two RLC entities can be configure with PDCP duplication function, which is called CA duplication.
· When CA duplication is deactivated, UE delivers PDCP PDU via primary leg.
· When CA duplication is activated, transmitting PDCP entity delivers PDCP control PDU via primary leg and delivers duplicated PDCP data PDUs via the associated RLC entities.
CA duplication with multiple legs configuration
In R15, PDCP duplication with two legs can be configured per SRB or DRB. In R16, PDCP duplication with more than two legs is introduced to satisfy the strict reliability requirement of TSN traffic, which is mapped on DRB in 5GS. Thus, it is obvious that multi-leg duplication can be applied to DRB while SRB seems have no such requirement.
Proposal 1: CA duplication with multiple leg is only applied for DRB.
In R15 PDCP duplication, the initial state of PDCP duplication is indicated by RRC as a part of PDCP duplication configuration. For DRB, the initial state of PDCP duplication is configurable by RRC and can be activated/deactivated by the subsequent MAC CE signaling. 
In addition, the initial state is indicated by the PDCP-duplication parameter via following method. When this parameter is present and set to “true”, all the configured legs are active for PDCP duplication while only primary leg is active if this parameter is present and set to “false”.
	[bookmark: _Hlk515270963]pdcp-Duplication
Indicates whether or not uplink duplication status at the time of receiving this IE is configured and activated as specified in TS 38.323 [5]. The presence of this field indicates whether duplication is configured. PDCP duplication is not configured for CA packet duplication of LTE RLC bearer. The value of this field, when the field is present, indicates the initial state of the duplication. If set to true, duplication is activated. The value of this field is always true, when configured for a SRB.


If the same design is reused for the CA duplication with multiple legs, all the configured legs are active when the initial state of the PDCP duplication is set to “true”. Considering that it is no need to active all the configured legs when configuring the PDCP duplication function, especially under the case that the radio link quality is relative good. Thus, it is worthy to configure a subset of configured legs as active legs for PDCP duplication when the initial state of CA duplication with multiple legs is activated.
Proposal 2: A subset of configured legs are indicated as active legs for PDCP duplication when the initial state of CA duplication with multiple legs is activated.
CA duplication with multiple legs controlled by MAC CE
· R16 MAC CE for duplication:
In RAN2#107 meeting, it has agreed that a new LCID is introduced for multi-leg duplication. Regarding to the detailed MAC CE design, the following candidate solution are agreed by RAN2:
The MAC CE signalling structure is either:
	a.	Per DRB signalling with the activation status of the associated RLC entities, or
	b.	All DRBs with the activation status of the associated RLC entities for each DRB

No matter which solution is finally adopted, the common issue is that how to confirm that the CA duplication with multiple legs is deactivate when the new introduced MAC CE is received. In R15, the deactivation of duplication means that transmitting PDCP entity only need to transmit one copy. Similarly, if the R16 MAC CE for duplication indicates that only one RLC is active, UE can consider that the CA duplication with multiple legs is deactivated by R16 MAC CE.
Proposal 3: CA duplication with multiple legs is deactivated if R16 MAC CE indicates that only one RLC entity is active. 
In RAN2#107bis meeting, whether the concept of primary leg is needed in R16 is discussed and the following conclusion is achieved.
The mechanism of primary path defined for Rel-15 PDCP duplication should be retained for Rel-16 (FFS if allowed to deactivate a primary path ie to not send data PDU). 

In R15, the main role of primary leg for split bear are as following:
· Under CA duplication with multiple legs is deactivated, it is used to transmit PDCP PDU;
· Under CA duplication with multiple legs is activated, it is used to transmit PDCP control PDU;
If one leg is encountering bad link quality, it is reasonable to deactivate this leg to reduce resource waste. Similarly, for a leg which has good link quality, it should be chosen to transmit data. Based on this consideration, the primary leg can be deactivated to not send PDCP data PDU.
When R16 MAC CE deactivates the CA duplication with multiple legs, the only active RLC indicated by this R16 MAC CE can be same or different with primary leg for split operation. If the only active RLC leg is different from RRC configured primary leg, UE can consider that the primary leg is reconfigured. When CA duplication with multiple legs is activated, predefined rule can be used to reconfigure primary leg, for example, the RLC entity with smallest leg index among the all the active RLC entities will be the primary leg.
Proposal 4: The primary leg of DRB with CA duplication with multiple legs can be reconfigured by R16 MAC CE. 
· R15 MAC CE for duplication:
Rel-15 MAC CE can be used to deactivate PDCP duplication function directly, which can be reused for DC+CA duplication in R16. When a bearer is indicated to be deactivated, then the PDCP Duplication function is deactivated for that bearer i.e. PDCP stops delivering duplicates.
Proposal 5: R15 MAC CE can be used to activate/deactivate CA duplication with multiple legs. 
When R15 MAC CE indicates the function of CA duplication with multiple legs is deactivated, the primary leg is used for data transmission, which is similar with legacy behavior.
Proposal 6: UE uses primary leg for data transmission when R15 MAC CE deactivates CA duplication with multiple legs.
In NR R15, when the duplication function is activated for MCG/SCG bearer, UE transmits duplicated packet through all the associated RLC entities. This principle can be used in R16. When R15 MAC CE activates the function of CA duplication with multiple legs, UE transmits duplicated packets through all the associated RLC entities.
Proposal 7: UE uses all the configured legs for duplicated packets transmission when R15 MAC CE activates CA duplication with multiple legs.
Conclusions
In this contribution, we will discusses how to support CA duplication with multiple legs and the related proposals are given as following.
Proposal 1: CA duplication with multiple leg is only applied for DRB.
Proposal 2: A subset of configured legs are indicated as active legs for PDCP duplication when the initial state of CA duplication with multiple legs is activated.
Proposal 3: CA duplication with multiple legs is deactivated if R16 MAC CE indicates that only one RLC entity is active. 
Proposal 4: The primary leg of DRB with CA duplication with multiple legs can be reconfigured by R16 MAC CE. 
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Proposal 6: UE uses primary leg for data transmission when R15 MAC CE deactivates CA duplication with multiple legs.
Proposal 7: UE uses all the configured legs for duplicated packets transmission when R15 MAC CE activates CA duplication with multiple legs.
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