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Introduction
In Athens, RAN2 agreed:

Agreements:
1	 At PDCP re-establishment, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
2	 At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
3	For packet duplication via CA, meeting the maximum number of RLC retransmissions for the secondary leg does not trigger RLF.

The details of how to handle the scenario when RLC meets maximum number of transmissions are still open though, which we discuss in this paper.
[bookmark: _Ref178064866]Discussion
PDCP duplication should work in Carrier Aggregation and in Dual Connectivity. It is still open what the UE does when RLC meets the maximum number of transmissions and we discuss that for CA and DC in the following sections.
Carrier aggregation
Below is a figure of duplication in case of Carrier Aggregation with two cells. Initially, duplication is turned off and is shown to the left. Each packet is sent on the PCell OR on the SCell.
Then duplication is enabled. The UE has two RLC-entities for this bearer and MAC has routing restrictions such that traffic from the different RLC entities are sent on different cells. This means that each PDCP SDU is sent on the PCell AND on the SCell. One of the legs is the ”duplication”-leg shown with dashed-lines.
[image: ]

The question is then: what happens when the two different RLC-entities meet the maximum number of retransmissions? For the duplication-leg (dashed in the figure) RAN2 already agreed that RLF is not triggered. We do however assume that the eNB should be informed when max number of RLC retransmissions happens for this leg, similar to the SCG-failure. When the eNB receives that indication then it can deconfigure duplication and perhaps also the cell(s) associated with that leg.
[bookmark: _Toc509405905][bookmark: _Toc509409318]For packet duplication in Carrier Aggregation, the UE sends an RRC message to the eNB when the duplication-leg’s RLC-entity reaches the maximum number of transmissions. The duplication-leg’s RLC entity is also suspended.
Then regarding the main-leg (non-dashed in the figure) RAN2 should decide whether RLF should be triggered or not. One alternative is that the UE shall trigger RLF, like in legacy.
[bookmark: _Toc509405906][bookmark: _Toc509409319]For packet duplication in Carrier Aggregation, the UE triggers RLF when the main-leg’s RLC-entity reaches the maximum number of retransmissions.

SCG-bearer
Below is a figure showing an SCG-bearer. Initially, duplication is turned off and is shown to the left. Each packet can be sent on the PCell OR on the SCell.
Then duplication is enabled. The UE has two RLC-entities for this bearer and MAC has routing restrictions such that traffic from the different RLC entities are sent on different cells. This means that each PDCP SDU and send the packets on the PSCell AND on the SCell. One of the legs is the ”duplication”-leg shown with dashed-lines.
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The question is then: what happens when the two different RLC-entities meet the maximum number of retransmissions? In DC without duplication, the SCG cannot trigger RLF so we assume that this should be the case also for DC with duplication. 
For packet duplication where both legs are in SCG, meeting the maximum number of RLC retransmissions for the main-leg or for the duplication-leg does not trigger RLF.

We assume the eNB should be informed when max number of RLC retransmissions happens in the SCG, similar to the SCG-failure. When the eNB receives that indication then it can deconfigure duplication and perhaps also the cell(s) associated with that leg, or deconfigure the whole SCG. Something which needs to be decided is if this should be the existing SCG-failure message or a new message. But we will come back to that. For now we propose:
[bookmark: _Toc509405908][bookmark: _Toc509409321]For packet duplication where both legs are in SCG, the UE sends an RRC message to the eNB when either the main- or duplication-leg’s RLC-entity reaches the maximum number of transmissions. 

Split bearer
Below is a figure showing the split-bearer scenario. Initially, duplication is turned off and is shown to the left. Each packet can be sent via the MCG OR via the SCG.
Then duplication is enabled. PDCP would send packets both to the MCG-RLC-entity and the SCG-RLC-entity. This means that each PDCP SDU is sent on the MCG AND on the SCG. One of the legs is the ”duplication”-leg e.g. the PSCell or SCell of the SCG shown below with dashed-lines.
[image: ]

Similar to how the SCG does not trigger RLF in legacy LTE we don’t think the duplications sent via the SCG should cause RLF.
[bookmark: _Toc509405909][bookmark: _Toc509409322]For packet duplication where one leg is in MCG and one leg is in SCG, meeting the maximum number of RLC retransmissions for the duplication-leg does not trigger RLF.
Rather, the eNB should be made aware that there is a problem in the SCG, so the UE shall send an RRC message to the eNB indicating this, similar to the SCG-failure message.
[bookmark: _Toc509405910][bookmark: _Toc509409323]For packet duplication where one leg is in MCG and one leg is in SCG, the UE sends an RRC message to the eNB when the duplication-leg’s RLC-entity reaches the maximum number of transmissions.
However, if there is a problem on the main-leg we assume the UE shall trigger RLF.
[bookmark: _Toc509405911][bookmark: _Toc509409324]For packet duplication where one leg is in MCG and one leg is in SCG, the UE triggers RLF if the main-leg’s RLC-entity reaches the maximum number of transmissions.

The astute reader will notice that the above proposals would imply that, for duplication for a split bearer, if the duplication-leg is the leg via the MCG and the main-leg is the leg via the SCG, it would imply that the SCG can trigger RLF while the MCG would just trigger an RRC indication. This is against the intention of how RLF works in Dual Connectivity. However, we believe that we can leave to the eNB to configure it such that the main-leg is via the MCG and the duplication-leg via SCG.
[bookmark: _Toc509405912][bookmark: _Toc509409325]It is left for eNB implementation to configure the main-leg to be in the MCG.
Specification impact
Then, how do we implement these proposal in the specifications? Well, first we have to decide which message to use. The SCG-failure message is a candidate. But looking at section “5.6.13 SCG failure information”, we would need to change almost all lines to allow the message to apply in the Carrier Aggregation scenario. So from a specification point of view it would be cleaner to create a new message for this purpose.
The new message can be called something related to duplication, e.g. PDCP-DuplicationFailureInformation.
[bookmark: _Toc509405913][bookmark: _Toc509409326]When maximum number of RLC retransmissions is reached for the duplication-leg’s RLC-entity, the UE sends a PDCP-DuplicaitonFailureInformation-message via RRC.
To allow the eNB to know the radio-situation for a UE which experienced failure due to maximum number of RLC-transmissions, we think we should reuse the structure of the SCG-failure message and hence include measurements. Also, the eNB would need to know which bearer the failure was for in order to know which cells were problematic. Hence, we propose:
[bookmark: _Toc509409327]The PDCP-DuplicationFailureInformation-message includes measurements and the identity of the failed bearer.
A text proposal is found in R2-1805133.

Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	For packet duplication in Carrier Aggregation, the UE sends an RRC message to the eNB when the duplication-leg’s RLC-entity reaches the maximum number of transmissions. The duplication-leg’s RLC entity is also suspended.
Proposal 2	For packet duplication in Carrier Aggregation, the UE triggers RLF when the main-leg’s RLC-entity reaches the maximum number of retransmissions.
Proposal 3	For packet duplication where both legs are in SCG, meeting the maximum number of RLC retransmissions for the main-leg or for the duplication-leg does not trigger RLF.
Proposal 4	For packet duplication where both legs are in SCG, the UE sends an RRC message to the eNB when either the main- or duplication-leg’s RLC-entity reaches the maximum number of transmissions.
Proposal 5	For packet duplication where one leg is in MCG and one leg is in SCG, meeting the maximum number of RLC retransmissions for the duplication-leg does not trigger RLF.
Proposal 6	For packet duplication where one leg is in MCG and one leg is in SCG, the UE sends an RRC message to the eNB when the duplication-leg’s RLC-entity reaches the maximum number of transmissions.
Proposal 7	For packet duplication where one leg is in MCG and one leg is in SCG, the UE triggers RLF if the main-leg’s RLC-entity reaches the maximum number of transmissions.
Proposal 8	It is left for eNB implementation to configure the main-leg to be in the MCG.
[bookmark: _GoBack]Proposal 9	When maximum number of RLC retransmissions is reached for the duplication-leg’s RLC-entity, the UE sends a PDCP-DuplicaitonFailureInformation-message via RRC.
Proposal 10	The PDCP-DuplicationFailureInformation-message includes measurements and the identity of the failed bearer.
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