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Introduction
In the RAN2 email discussion after RAN2#104 meeting [1], most of participating companies agreed that PDCP duplication with more than two copies is beneficial to support extremely reliable transmission in IIoT scenario. The achieved proposals are as following:

	Proposal 1   PDCP duplication support a configuration delivering up to 4 copies. 
Proposal 2   Up to 4 RLC entities/legs are possible to configure for PDCP duplication 


However, the issue about SCell failure of PDCP duplication with more than two RLC entity has not been discussed. In this contribution, we will discuss our consideration on efficient duplication with more than two legs at SCell failure.
Discussion
In R15, PDCP duplication function with two RLC entity is specified. It is a useful layer-2 method to achieve high reliability of data transmission at the cost of resource efficiency. Further, in order to limit the transmission of duplicated packets over different radio link. The RLC entity can be associated with only SCell(s).

For the case that the RLC entity which only be associated with SCell(s) may reach the maximum number of retransmission, the related layer-2 handling have been discussed for several meetings in R15, and the following agreements have been reached:

	RAN2#99 Agreements
1.  RLC reports maxNumberofRLC retransmissions are reached to RRC.

2.  For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the gNB (e.g. SCell-RLF) but no RRC re-establishment happens

RAN2#101 Agreements
1.  No further optimization are considered, the UE continues normal operation


Observation 1: In R15, UE still transmits the duplicated packets via RLC entity encountered SCell failure when PDCP duplication is configured.

Same with R15, the PDCP duplication with more than two RLC entities can also adopt the configuration of logical channel restricted to only SCell(s). if the same handling at SCell failure is adopted like R15, a large resource will be wasted, especially at the edge of serving cell where multiple RLC entities may encounter SCell failure.
According to the SID [1] of the I-IOT, one objective of data duplication as below is resource efficient PDCP duplication. It is reasonable to study layer-2 handling method at SCell failure case to avoid unnecessary duplicate transmission.

	L2/L3 enhancements:

Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):

Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.


Proposal 1: The layer-2 handling method avoiding unnecessary transmission at SCell failure should be considered under PDCP duplication with more than two RLC entities.
In R15, SCell-RLF reporting procedure is introduced. For CA duplicate with logical channel that mapped to SCell or cell group only contains SCells, normal RLF or SCG-RLF will not be triggered if the associated RLC entity reaches the maximum number of retransmissions because SpCell is not failed, RRC connection is still valid. Not to trigger RLF or SCG-RLF for logical channel associated with SCell or Cell group that SpCell is not included can avoid unnecessary re-establishment of RRC connection and SCG reconfiguration, thus can reduce the signaling overhead. For duplicate bear using DC and split bear, normal RLF will be triggered if SCell failure occurs. The relation specification is shown as following.

According to the SID [1] of the I-IOT, it states that PDCP duplication with more than 2 copies can leverage (combination of) DC and CA architecture. Based on the R15 specification, for DC+CA duplication, normal RLF or SCG-RLF will be triggered if the RLC entity associated with only SCell(s) reaches the maximum number of retransmission depending on the RLC entity is a MCG RLC entity or SCG RLC entity.
	5.3.10.3
Detection of radio link failure

The UE shall:

1> upon indication from MCG RLC that the maximum number of retransmissions has been reached:

2> if CA duplication is configured and activated; and for the corresponding logical channel allowedServingCells only includes SCell(s):

3> initiate the failure information procedure as specified in 5.7.5 to report RLC failure.

<omiting>

3> else:

4> initiate the connection re-establishment procedure as specified in 5.3.7.
The UE shall:

1> upon indication from SCG RLC that the maximum number of retransmissions has been reached:

2> if CA duplication is configured and activated; and for the corresponding logical channel allowedServingCells only includes SCell(s):

3> initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2> else:

3> consider radio link failure to be detected for the SCG i.e. SCG-RLF;

3> initiate the SCG failure information procedure as specified in 5.7.3 to report SCG radio link failure.


Observation 2: According to R15 specification, for DC duplication, the failure of RLC associated only with SCell(s) will trigger normal RLF or SCG-RLF depending on whether the failed RLC is a MCG RLC or SCG RLC.

Same reason with R15, in order to avoid unnecessary connection reestablishment and SCG reconfiguration when the SpCell is still valid, the SCell-RLF reporting procedure shall be extended to the DC+CA duplication scenarios.

Proposal 2: SCell-RLF reporting procedure can be applied to DC+CA duplication architecture.
Conclusion

In this contribution, we discussed the issue about efficient duplication with more than two legs at SCell failure. The related observations and proposals are as following:

Observation 1: In R15, UE still transmit duplicated packet via RLC entity encountered SCell failure when PDCP duplication is configured.

Observation 2: According to R15 specification, for DC duplication, the failure of RLC associated only with SCell(s) will trigger normal RLF or SCG-RLF depending on whether the failed RLC is a MCG RLC or SCG RLC.
Proposal 1: The layer-2 handling method avoiding unnecessary transmission at SCell failure should be considered under PDCP duplication with more than two RLC entities.
Proposal 2: SCell-RLF reporting procedure can be applied to DC+CA duplication architecture.
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