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Introduction
During the RAN2#97 meeting, RAN 2 agreed to support packet duplication in CA:
For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.
It was further discussed on how the UL CA packet duplication is configured by the network and on how the UL packet duplication is started or stopped after it is configured by the network.
In this contribution, we try to clarify the scope of the CA packet duplication:
· Does CA packet duplication apply to LTE CA in EN-DC?
· Does CA packet duplication apply to EN-DC case?
· Does CA packet duplication apply to NR-NR-DC case (i.e. simultaneously duplicated CA with DC split bearer)?
· Is CA packet duplication a bearer type or should it be considered as just a configuration of a bearer?
Discussion
Does CA packet duplication apply to LTE CA in EN-DC? 
It is unclear with the current agreement whether the CA packet duplication is also supported for LTE CA. The support of duplication on the LTE side was discussed in the context of split MCG SRB in the EN-DC case. The purpose over there is to improve reliability on the DL reception in the cell edge. However the purpose over here is for URLLC and is for applying to DRB. It is unclear from the WI scope whether URLLC is also for LTE. According to the WI scope, 
Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
-	Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN#76
· Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques
LTE may be able to meet the latency requirement for URLLC with the short TTI WI. However, it is unclear that it can meet the reliability requirement for URLLC just by duplicating at the PDCP layer without L1 enhancement (e.g. L1 repetitions and soft combining).  In the last meeting, we also agree to the following:
UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.
This seems to imply that it is also applicable to CA packet duplication on the LTE side of EN-DC. However, we think this was not the intention. Furthermore, we think the URLLC part of the NR WI is only for the NR part and hence CA packet duplication to LTE CA is not part of the WI scope.
Hence it is proposed that for Rel-15, CA packet duplication is not applied to LTE side of EN-DC.
Proposal#1: CA packet duplication is not applied to LTE CA of EN-DC until packet duplication is supported in LTE as a part of URLLC WI instead of NR WI.
Does CA packet duplication apply to EN-DC case?
With Proposal#1 agreed, it is clear that MCG or MCG split bearer will not support CA packet duplication in LTE CA. With the same reasoning as for Proposal 1, MCG and SCG split bearer may not be able to meet the reliability requirement for URLLC service since one of the duplicated leg may not be able to meet the reliability for URLLC without further L1 enhancement. On the other hand packet duplication may still be useful for improving cell edge reliability for DRB.  Based on the RAN 2 agreement as extracted in Section 2.1, it seems to support packet duplication also to the EN-DC case, either via SCG split bearer or CA packet duplication on the SCG bearer.  But both packet duplication via SCG split bearer and CA packet duplication on the SCG split bearer should not be configured at the same time. 
Proposal#2: In the EN-DC case, CA packet duplication can only be configured for SCG bearer only.
Does CA packet duplication apply to NR-NR DC case?
It is agreed that the NR-NR DC based on the following agreement from RAN2NR Ad-hoc:
1. Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
2. The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.
The question here is whether CA packet duplication can be simultaneously configured with packet duplication using DC (i.e. using split bearer type) for a DRB or among the DRBs. For a DRB, it would seem that there is no strong need of having both packet duplication mechanisms to be configured at the same time and leave it to MAC CE to control which one is used.  
Proposal#3: In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer for a UE.
Among DRBs of a UE, it is possible for the network to configure the UE with:
a. One or more DRBs of a UE is configured with CA duplication and one or more DRBs of a UE is configured with DC split bearer for packet duplication
b. One or more DRBs of a UE is configured with CA duplication and one or more DRBs of a UE is configured with DC split bearer but without packet duplication
For (a), it is unclear of the scenario where such combination is needed. Hence we would assume that such configuration will not be supported in NR-NR DC case.
For (b), it could be that there is non-ideal backhaul between NR MN and NR SN, while eMBB and URLLC related QF flows are active. In such case, eMBB related QF flows may use the split bearer for throughput while the URLLC QF flows may use CA packet duplication. 
Proposal#4: In the NR-NR DC case, the following configuration should not be supported for Rel-15:
a. One or more DRBs of a UE is configured with CA duplication and one or more DRBs of a UE is configured with DC split bearer for packet duplication

Is CA packet duplication a bearer type?
As from proposals #2 and #3, the DRB configured with CA packet duplication can only be a non-split bearer (either a SCG bearer or a MCG bearer). Once CA packet duplication is configured by the RRC for a DRB, the UE will establish 2 RLC entities (or 2 logical channels) for a PDCP entity so that the PDCP entity can discard duplicated PDCP PDUs in the DL from the 2 RLC entities and for UL, perform PDCP PDU duplication to be sent over 2 RLC entities (or 2 logical channels) controlled via MAC CE.
If Proposal 2 and 3 are agreed, the DRB that is configured with CA duplication can be seen as just either a MCG bearer or a SCG bearer and the L2 handling should be based on MCG bearer and SCG bearer. For example, if a MCG or SCG bearer configured with CA packet duplication is changed to split bearer with packet duplication and vice versa, it should follow the L2 bearer type change.
Hence, in our view, CA packet duplication can be modelled as just a configuration of a DRB associated with a bearer.
Proposal#5: CA packet duplication can be modelled as just a configuration of a DRB associated with a bearer.
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposal:
Proposal#1: CA packet duplication is not applied to LTE CA of EN-DC.
Proposal#2: In the EN-DC case, CA packet duplication can only be configured for SCG bearer and will not be configured together with a split (SCG) bearer.
Proposal#3: In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.
Proposal#4: In the NR-NR DC case, the following configurations should not be supported for Rel-15:
a. One or more DRBs of a UE is configured with CA duplication and one or more DRBs of a UE is configured with DC split bearer for packet duplication
Proposal#5: CA packet duplication can be modelled as just a configuration of a DRB associated with a bearer.
  

