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1 Introduction

RAN2#99 made the following agreements:

Agreements

1
We will not support MAC CE activation/deactivation of duplication within LTE MAC.

2
We will not support the CA duplication in LTE 

3
CA duplication is supported for all non-split UM DRBs if the bearer uses NR-PDCP, for all architecture options (apart from cases excluded by 1 and 2)

FFS: for AM DRBs and SRBs

4
DC duplication is supported for all split DRB and SRBs if the bearer uses NR-PDCP, for all architecture options
5
We will not introduce new bearer type changes into RRC, but user plane session can discuss and decide terminology for DC duplication, CA duplication, split bearer operation, etc (Some clarification is needed for how to handle CA duplication within the current bearer type change discussion)

Agreement:

Priority in user plane session for addressing the stage 3 details:

1: UM for DRBs with CA and DC duplication; SRBs (AM) with DC duplication; 

2: SRBs (AM) with CA duplication

3: AM for DRBs with DC duplication

4: AM for DRBs with CA duplication

Agreements

1.
For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation.  Once de-activated we rely on split bearer operation and configuration.  

2.
1 byte bitmap could be used as duplication activation/deactivation MAC CE

3. 
The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s)  
Agreements:

-
RLC reports maxNumberofRLC retransmissions are reached to RRC.   

-
For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the gNB (e.g. SCell-RLF) but no RRC re-establishment happens

=>
A UE with split bearer can be configured to transmit on a single path via RRC signalling.  

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

2.1 Modeling of duplication bearer

A bearer capable of duplication is a bearer with 1 PDCP instance and 2 RLC instances. The packets are duplicated on both legs when the duplication is activated. In DC packet duplication, the two RLC instances transmit RLC PDUs on two different MAC entities. In CA packet duplication, the two RLC instances transmit RLC PDUs on the same MAC entities, with a restriction that the packets from two RLC instances are sent on separate carriers.
From PDCP point of view, DC duplication and CA duplication can be treated identically, as the difference of 1 or 2 MAC entities is transparent to PDCP layer. 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. A bearer capable of duplication has a PDCP instance and two associated RLC instances.
2. One of the legs is the default leg (configured 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 a bearer capable of duplication, a default leg (configured 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. Here we focus on the behavior of PDCP procedure. 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. 
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 both DC and CA case, when duplication is deactivated, PDCP procedure can reuse split bearer without threshold configuration procedure as in LTE, i.e. data is only submitted to one leg (the configured leg).

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 3: 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 4: PDCP starts to submit data to duplication leg when duplication is activated.
Proposal 5: The same PDCP data volume is reported to both legs when duplication is configured and activated. 

Proposal 6: 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 a bearer capable of duplication, a default leg (configured leg) and a duplication leg are configured.
Proposal 2: In both DC and CA case, when duplication is deactivated, PDCP procedure can reuse split bearer without threshold configuration procedure as in LTE, i.e. data is only submitted to one leg (the configured leg).

Proposal 3: The duplication leg RLC is reestablished when duplication is deactivated.

Proposal 4: PDCP starts to submit data to duplication leg when duplication is activated.

Proposal 5: The same PDCP data volume is reported to both legs when duplication is configured and activated. 

Proposal 6: RLC data volume is reported to its corresponding leg when duplication is configured and activated. 
