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Introduction
[bookmark: _Ref178064866]This document discusses PDCP and RLC behavior upon activation or de-activation of packet duplication.
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Procedure upon activation of packet duplication
According to the current agreements, the transmitter PDCP entity duplicates the PDCP PDU after the activation of packet duplication. However, RAN2 has not discussed which type of the PDCP PDUs are considered for duplication upon activation of packet duplication. We think that following types of PDCP PDUs can be considered as candidates for duplication: 
· Type 1: The PDCP PDUs transmitted by the AM RLC entity but the successful delivery have not been confirmed.
· Type 2: The PDCP PDUs stored in the RLC entity and not transmitted yet.
· Type 3: The PDCP PDUs not submitted to the RLC entity.

If Type 1 PDU is considered for packet duplication, the transmitter PDCP entity may generate unnecessary duplicated PDCP PDUs because they are likely to be successfully transmitted to the receiver PDCP entity. Typically, the HARQ failure is less than 10^-3, and it would be safe to assume that most of the RLC PDUs transmitted by the HARQ process are successfully transmitted. Those RLC PDUs would be eventually acknowledged by the RLC status report, and duplicating them would be wasteful of radio resource. Thus, we think Type 1 PDCP PDU does not need to be considered for duplication upon activation.
If Type 2 PDU is considered for packet duplication, the RLC entity should provide indication for each PDCP PDU to the transmitter PDCP entity whether the PDCP PDU is transmitted or not. This is a new type of indication different from the legacy indication available in the AM RLC entity which indicates the successful transmission of PDCP PDUs. Note that there is no indication defined in the UM RLC entity at all about the transmission status/result of PDCP PDU.
Moreover, the Type 2 is the pre-processed PDCP PDUs, and RAN2 agreed that the transmitter PDCP entity minimizes the amount of pre-processed PDCP PDUs submitted to RLC entity. It means that there are not many PDCP PDUs stored in the RLC entity, and we don’t see big benefit of considering Type 2 PDUs for duplication upon activation. Instead, considering Type 2 PDU for duplication requires complex interaction between RLC entity and PDCP entity (i.e. RLC entity checks the transmission status of each PDCP PDU, indicates the transmission status of each PDCP PDU to the PDCP entity, and the PDCP entity duplicates them and submits them to another RLC entity). Thus, we think it would be better not to consider Type 2 PDCP PDU for duplication upon activation.
We think the Type 3 PDU is the only type of PDUs that needs to be considered for duplication upon activation. It does not require any additional function, and the PDCP entity just duplicates the PDCP PDUs after activation.
Proposal 1. When packet duplication is activated, the transmitter PDCP entity applies duplication for the PDCP PDUs not submitted to the lower layer.

Procedure upon de-activation of packet duplication
If packet duplication is de-activated, the transmitter PDCP entity submits the PDCP PDUs to only the primary RLC entity. However, there may be remaining PDCP PDUs in the secondary RLC entity. To handle the remaining PDCP PDUs in the secondary RLC entity, two options can be considered.
· Option 1) Re-establish the secondary RLC entity, i.e. discard all stored RLC SDUs and RLC PDUs and initialize the state variables. 
· Option 2) Keep the secondary RLC entity untouched, i.e. transmits the remaining RLC SDUs and RLC PDUs.

The option 1 can reduce the waste of radio resources by discarding the duplicated PDUs (as the RLC SDUs and RLC PDUs in the secondary RLC entity are associated with the duplicated PDCP PDUs). However, there may be on-going HARQ transmission for the RLC PDUs at the time of RLC re-establishment. If they arrive at the receiving RLC entity after re-establishment, protocol error may occur in the receiving RLC entity due to de-synchronized state variables. Thus, we think the option 1 is not a suitable option.
On the other hand, if the secondary RLC entity keeps the transmission of the remaining RLC SDUs and RLC PDUs, there would be no protocol error though some radio resource is wasted. However, considering that the amount of pre-processed PDCP PDUs is not that much, the wasted radio resource would be negligible. Hence, we support the option 2.
Proposal 2. When packet duplication is deactivated, the secondary RLC entity keeps the transmission of remaining RLC SDUs and RLC PDUs.
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In this contribution, we have discussed on PDCP and RLC behavior for activation or de-activation of packet duplication. And we have following proposals:
Proposal 1. When packet duplication is activated, the transmitter PDCP entity applies duplication for the PDCP PDUs not submitted to the lower layer.
Proposal 2. When packet duplication is deactivated, the secondary RLC entity keeps the transmission of remaining RLC SDUs and RLC PDUs.


