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1 Introduction
Packet duplication is introduced to NR to support high reliability for some services (e.g. URLLC). There are two logical channels (i.e. two RLC entities) associated with one PDCP entity for one DRB/SRB. Some agreements have been made in RAN2#98.
Agreements for duplication in CA case
1
Duplication on a single carrier will not be supported
2
RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)
3
Duplicated PDCP PDUs are submitted to two different RLC entities
Two duplicated PDCP PDUs can be delivered to the two logical channels if packet duplication is activated. MAC CEs can be used for activation/deactivation of packet duplication according to agreements in RAN2#98. 
However, the PDCP operation upon activation/deactivation of packet duplication has not been discussed yet. This contribution will discuss the details of PDCP operation for packet duplication.

2 Discussion
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Fig.1 PDCP duplication in two RLC entities for CA case
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Fig.2 PDCP duplication in two RLC entities for DC case
For a DRB/SRB which may need packet duplication to improve reliability, the gNB should first configure two RLC entities for this radio bearer. The duplicate operation can be activated/deactivated by a MAC CE. Once duplication being activated, PDCP should generate duplicated PDCP PDUs with the same SN and deliver them to the two RLC entities.

For a radio bearer, an additional RLC entity for duplicated transmission can be configured and established before the duplication operation is really activated for the radio bearer. Before the duplication is activated, PDCP PDUs are only delivered to one of these two RLC entities. 
2.1 Duplication for PDCP control PDUs
An issue left in the endorsed running 38.323 spec is whether packet duplication should be applied to the PDCP control PDUs. 

	Editor’s Note: It is FFS whether the duplication is also applicable to PDCP Control PDU.


There are two types of PDCP control PDUs to be defined in NR, i.e.. PDCP status reports and RoHC feedback. Those PDUs usually contain critical information and therefore need more reliable transmission. One may say that those control PDUs may not be necessary for URLLC and may not need to work together with packet duplication, for example, URLLC may not need PDCP level retransmission during handover, and may not need RoHC. However, we may not need to impose this kind of restrictions on URLLC as there is no obvious complexity to apply duplication on PDCP control PDUs.
Proposal 1: Packet duplication is applicable to PDCP control PDUs as well.
2.2 Activation of packet duplication
Another issue to be discussed is what PDCP PDUs need to be duplicated upon duplication is activated. For bearers mapped to RLC AM, mainly for SRBs in NR-NR DC case, in the PDCP buffer, there are the following data:

· PDCP SDUs which has not created corresponding PDCP PDUs; 

· PDCP PDUs generated but not being delivered to RLC; 

· PDCP SDUs for which the corresponding PDUs have already been delivered to RLC but has not been acknowledged by the lower layer;

· and PDCP SDUs for which the corresponding PDUs have been acknowleged by RLC but have not been discarded yet. 
When the duplication operation is activated, the RLC entity or the carrier being used for the radio bearer may already have problems. Therefore, it is reasonable to apply duplication to all those PDCP SDUs and PDUs which have not been delivered to RLC or have not been acknowledged by RLC. For bearers mapped to RLC AM, all the PDCP PDUs which have not been acknowledged by a RLC entity should have already been successfully transmitted. Therefore, those PDCP PDUs which have already been acknowleged by RLC do not need to be duplicated.

Proposal 2: For radio bearers mapped to RLC AM, once duplication is activated, PDCP should apply duplication for the following data:
· PDCP SDUs for which PDUs have not been processed;

· PDCP PDUs which have not been delivered to RLC; and

· PDCP SDUs for which the corresponding PDUs have not been acknowledged by lower layers.
For radio bearers mapped to RLC UM, in the PDCP buffer, there are the following data: 
· PDCP SDUs for which PDUs have not processed;

· PDCP PDUs generated but not being delivered to RLC;

· PDCP SDUs for which PDUs have already been delivered to RLC but have not been discarded yet.

It is straightforward to apply duplication for those PDCP SDUs for which PDUs have not been processed and PDCP PDUs generated but not being delivered to RLC. For those PDCP SDUs for which PDUs have already been delivered to RLC but have not been discarded yet, because their discard timers have not expired, so it is also reasonable to apply duplication on them to improve the reliability.

Proposal 3: For radio bearers mapped to RLC UM, once duplication being activated, PDCP should apply duplication to the following PDCP data:
· PDCP SDUs for which PDUs have not processed;

· PDCP PDUs which have not been delivered to RLC; and
· PDCP SDUs for which PDUs have already been delivered to RLC but have not been discarded yet.

2.3 Deactivation of packet duplication
Once duplication is deactivated, the deactivated RLC entity may not be released. In this case, the PDCP entity should not deliver new PDCP PDUs to the deactivated RLC entity.  
Proposal 4: Once UL packet duplication is de-activated, the PDCP entity should not deliver new PDCP PDUs to the deactivated RLC entity.

An issue is whether the UE should stop the transmission of the logical channel for the deactivated RLC entity upon deactivation of duplication operation if there is still some data left in the deactivated RLC entity. There could be two options:

Option 1: the UE continues to request UL resources for transmission of the data left in the RLC entity;

Option 2: The UE stop requesting UL resources for the left data in the deactivated RLC entity. The simply to do this is to clear all the data in the transmission buffer of the RLC entity.

When the duplication operation is deactivated, it means that the transmission in one leg can already satisfy the reliability requirement. Therefore, the transmission in the deactivated leg is not necessary and can be stopped. All the SDUs and PDUs left in the transmission buffer of the RLC entity can be discarded.

The discard of RLC SDUs and PDUs may lead to misalignment of RLC SNs between the UE and the gNB. In order to align the state variables including the SNs for the future transmission upon the RLC entity being activated again, the UE should reset the state variables. At the same time, all the timers should be reset. 

Proposal 5: When UL packet duplication is deactivated, the UE shall discard all the SDUs and PDUs left in the transmission buffer of the deactivated RLC entity, and reset all state variables and timers for transmit operation in the deactivated RLC entity.

2.4 Potential enhancement
An issue is, when the PDCP entity has been acknowledged (e.g. by RLC/PDCP status report) that a PDCP PDU has been successfully delivered by a leg, whether its duplicate needs to be transmitted in the other leg. To avoid the unnecessary waste of resources, we prefer the UE to stop the transmission of the duplicated PDCP PDU in the other leg.
Proposal 6: When a PDCP PDU has been acknowledged in one leg, the UE should stop the transmission of the duplicated PDCP PDU in the other leg.

3 Conclusion and Proposals
Proposal 1: Packet duplication is applicable to PDCP control PDUs as well.

Proposal 2: For radio bearers mapped to RLC AM, once duplication is activated, PDCP should apply duplication for the following data:

· PDCP SDUs for which PDUs have not been processed;

· PDCP PDUs which have not been delivered to RLC; and

· PDCP SDUs for which the corresponding PDUs have not been acknowledged by lower layers.
Proposal 3: For radio bearers mapped to RLC UM, once duplication being activated, PDCP should apply duplication to the following PDCP data:

· PDCP SDUs for which PDUs have not processed;

· PDCP PDUs which have not been delivered to RLC; and
· PDCP SDUs for which PDUs have already been delivered to RLC but have not been discarded yet.

Proposal 4: Once UL packet duplication is de-activated, the PDCP entity should not deliver new PDCP PDUs to the deactivated RLC entity.

Proposal 5: When UL packet duplication is deactivated, the UE shall discard all the SDUs and PDUs left in the transmission buffer of the deactivated RLC entity, and reset all state variables and timers for transmit operation in the deactivated RLC entity.

Proposal 6: When a PDCP PDU has been acknowledged in one leg, the UE should stop the transmission of the duplicated PDCP PDU in the other leg.
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