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1 Introduction

In RAN2#98, the following agreements on PDCP duplication have been made:
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
In this contribution, we discuss how to efficiently support PDCP duplication in the CA case using the baseline BSR framework. 
Discussion
PDCP duplication is introduced to improve the reliability of data transmission. To support the duplication, it has been agreed that two RLC entities are created and mapped to two logical channels (LCH).  These two LCHs have the same priority and other LCP configuration parameters. Per RAN2 agreement, the original LCH is denoted as primary LCH, and the one created after activation of duplication is denoted as secondary LCH. In this contribution, we first discuss tradeoffs of a few options for how buffer status should be reported after duplication is activated. We then propose an approach which leverages the current BSR procedure to efficiently support duplication in the CA case.

Observation
We think the first question to answer is how to map primary and secondary LCHs to LCGs. We first show why they should not be mapped to the same LCG. 
There are two possibilities if primary and secondary LCHs are mapped to the same LCG:
· Option A.  They are mapped to a special LCG which does not any contain non-duplication traffic. By this requirement, when activation is enabled, the primary LCH has to be re-mapped in to the special LCG.  This remapping thus creates a change in the buffer status and hence a BSR should be sent.  However, since this BSR is not triggered based on any conditions in the baseline procedure, a new type of BSR trigger has to be defined. Similarly, when duplication is deactivated, the remaining LCH has to be moved out of the special LCG which is reserved for duplication LCHs only. This again would require a new BSR to be triggered. We therefore think this option is not desirable, because both activation and deactivation would trigger new BSRs. 
· Option B.  The secondary LCH is mapped to the same LCG which contains the primary LCH before duplication is activated. Because this LCG may include other non-duplicated LCHs, gNB may not always be able to know the exact amount of data being duplicated. This may cause inefficient allocation of resources by the gNB scheduler.  For example, suppose before activation of duplication, in the same LCG there is 1KB of non-duplicated data and 1KB of data to be duplicated. BSR therefore would indicate 2KB data in that LCG. Since no new BSR is triggered upon activation of duplication, gNB has little idea of how much fraction of this 2KB belongs to the duplicated DRB. When it allocates resources on different carriers, it then would not know precisely whether it should schedule two 2KB UL grants on two different carriers, or one 2KB UL grant on one carrier and one 1KB UL grants on another grant. Therefore, this uncertainty can result in poor resource allocation. 
Observation 1.  To schedule efficiently, gNB needs to know the amount of data being duplicated.
Observation 2.  Primary and secondary logical channels should not be mapped to the same LCG.
Base on the above observations, we can conclude that the solution is to map the secondary LCH to a special LCG which does not contain any non-duplication traffic.  This mapping allows the network to know the total size of the duplication traffic and hence allocate resource accordingly. And no new BSR is trigger at activation or deactivation, because the primary LCH is not remapped.  In the following, we describe how this scheme works. 
Solution
When duplication of a DRB is activated, the buffer status of its secondary LCH is mapped to a special LCG, which holds only duplication traffic and hence denoted as duplication-only LCG. The primary LCH stays mapped to the same LCG as before activation.  Because the secondary LCH does not have any buffered data immediately upon activation, there is no change in the buffer size of any LCGs and hence no BSR needs to be triggered.  

After duplication is activated, the buffer size of all LCGs are calculated independently.  This is because the LCGs containing the primary and the secondary LCHs are served independently and the LCG containing the original LCH may include non-duplication traffic too.  The BSR triggering conditions can be applied to the primary and secondary LCHs independently too.  If new duplication data arrives and triggers a BSR in both LCHs at the same time, we do not need to deliberately suppress or cancel one of them.  The existing SR and BSR framework ensures that only one SR will be triggered and sent, and only one BSR will be sent.  We do not think it is necessary to duplicate a BSR, because BSR does not require ultra-low latency and its existing retransmission mechanism can ensure good reliability.   
When duplicated is deactivated, UE can simply clear the PDCP/RLC/MAC buffer of the seconary LCH, and the primary LCH remains mapped to its LCG without any change. Therefore, UE does not need to send a BSR to update gNB at deactivation.  In the case where there are multiple duplicated LCHs in the duplication-only LCG and only one of them is deactivated, which we think is unlikely, there might be a brief period in which gNB loses its estimate on the buffer size of the duplication-only LCG until it receives the next BSR.  But we think this small inefficiency is justified by not having to implement a new BSR trigger just for the deactivation of duplication.   
Proposal 1.  A dedicated LCG is configured to report buffer status of only secondary logical channels of duplicated DRBs. 
2 Summary

Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1.  To schedule efficiently, gNB needs to know the amount of data being duplicated.
Observation 2.  Primary and secondary logical channels should not be mapped to the same LCG.
Proposal 1. A dedicated LCG is configured to report buffer status of only secondary logical channels of duplicated DRBs. 
