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1 Introduction

In this contribution, we discuss the details of PDCP duplication.
2 Discussion

2.1 Modeling of duplication bearer

Packet duplication has been discussed for several meetings. In packet duplication, a split bearer with two legs are configured and packets are duplicated on both legs when the duplication is activated.

For the ease of discussion, in this contribution, the modeling of duplication bearer for both DC and CA cases are common as the following:

1. Duplication bearer is a kind of split bearer for which two legs are configured.

2. One of the legs is the default leg, which PDCP always submitted data to. 

3. One of the legs is the duplication leg, which PDCP submits duplicated data to. 
Proposal 1: For duplication DRB, a default leg and a duplication leg are configured.
2.2 Behavior of duplication bearer at deactivation

One of the open issues of duplication bearer is the expected behavior when duplication is deactivated. There are two options:

· Option 1: When duplication bearer is deactivated, data is transmitted only on one leg, i.e. the default leg (configured leg).

· Option 2: When duplication bearer is deactivated, data is transmitted on both legs but not duplicated.

To select one of the options, we revisited the use case of packet duplication. The motivation of duplication bearer is to enhance reliability without waiting for retransmissions by leveraging frequency diversity, e.g. for URLLC traffic. For these traffic, the throughput is not the major concern. The reason for deactivating duplication for this type of traffic is to avoid resource waste for duplication. In other words, the motivation of duplication deactivation is not to maximize the throughput by aggregating the capacity of the two legs. Therefore, option 1 should be the desired behavior of duplication bearer.

Observation 1: The purpose of duplication bearer is enhancing reliability instead of maximizing throughput. 
Proposal 1: For a duplication bearer, if duplication is deactivated, the data is transmitted only on default leg.

Specifically for packet duplication in DC case, when the duplication is deactivated, the duplication bearer should only use the default leg for data submission, without releasing the duplication leg. The gNB can stop scheduling data on the duplication leg. 
Proposal 2: In DC case, when duplication is deactivated, PDCP operates in switching mode, i.e. data is only submitted to one leg.

For packet duplication in CA case, from modeling point of view, the default leg and the duplication leg are the two RLC instances associated with the same PDCP. When duplication is deactivated, the duplication bearer uses only one RLC, i.e. the default leg, and the carrier mapping restriction of the RLC is lifted.
Proposal 3: For modelling purpose, in CA case, when duplication is deactivated, the duplication bearer, the default leg is used to transmit data without carrier restriction after deactivation.
In both DC and CA cases, the duplication leg RLC may have residual retransmissions and data when the duplication is deactivated. Since the gNB may stop scheduling data on the duplication leg after the deactivation, at the time of reactivation, it is possible the duplication leg needs to first transmit the residual data before continuing the new duplicate data transmission. This may result in longer latency after reactivation and contradict to the motivation of packet duplication as the residual data should be outdated. Therefore, the duplication leg RLC should be reestablished when duplication before reactivation. To prevent further delay at reactivation, the reestablishment should be performed at deactivation.
Proposal 4: The duplication leg RLC is reestablished when duplication is deactivated.

2.3 Behavior of duplication bearer at activation

At activation of packet duplication, the behavior of PDCP should be quite simple: 
1. PDCP starts to transmit data on duplication leg.

2. Since both legs will transmit the same data, PDCP reports the data volume expected to be transmitted to both legs. The data already submitted to RLC should be reported by each RLC independently.
Proposal 5: For duplication DRB, PDCP starts to submit data to duplication leg at activation

Proposal 6: The same PDCP data volume is reported to both legs when duplication is configured and activated. 

Proposal 7: RLC data volume is reported to its corresponding leg when duplication is configured and activated. 
3 Summary
Observation 1: The purpose of duplication bearer is enhancing reliability instead of maximizing throughput. 
Proposal 1: For duplication DRB, a default leg and a duplication leg are configured.
Proposal 2: In DC case, when duplication is deactivated, PDCP operates in switching mode, i.e. data is only submitted to one leg.

Proposal 3: For modelling purpose, in CA case, when duplication is deactivated, the duplication bearer, the default leg is used to transmit data without carrier restriction after deactivation.
Proposal 4: The duplication leg RLC is reestablished when duplication is deactivated.

Proposal 5: For duplication DRB, PDCP starts to submit data to duplication leg at activation

Proposal 6: The same PDCP data volume is reported to both legs when duplication is configured and activated. 

Proposal 7: RLC data volume is reported to its corresponding leg when duplication is configured and activated. 
