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1 Introduction

In RAN2#99 meeting, the following agreements on PDCP duplication were made:
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)
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
In this contribution, further detail on CA duplication is discussed.
2 Discussion
2.1 Bearer Type in CA Duplication
Both CA duplication and DC duplication will be supported in NR. CA duplication has two logical channels for a cell group whereas DC duplication has two logical channels and each of them is dedicated for the cell group. Due to the architectural difference between CA and DC, similarity between two duplications would be limited. In terms of bearer type, RAN2#99 already agreed that DC duplication is supported for all split DRBs and SRBs if the bearer uses NR-PDCP.
Observation 1: DC duplication is supported by split bearers

It is obvious that, by the definition, split bearer cannot support CA duplication operation. Then the first question is how to model the bearer supporting CA duplication. Comparing to bearer split, duplication is rather simple operation in a sense that duplication does not need to care about the data loss during bearer type change (because a packet is transmitted in the both links to be maintained and to be torn down). Hence no special L2 handling would be required between bearer type changes (from the bearer supporting duplicate to the bearer not supporting duplicate or vice versa). Based on above observation, our view is that the simplest approach is to not define new bearer to support CA duplication. When the bearer to support CA duplication needs to be explicitly indicated, MCG bearer/SCG bearer configured with two logical channels can be used. Note that transmitting RLC entity and receiving RLC entity are modelled as separate entities in AM/UM, so bearer with two RLC entities cannot indicate bearer for CA duplication unambiguously.

Proposal 1: CA duplication is supported by MCG bearer or SCG bearer configured with two logical channels.
2.2 Configuration Change for Duplication
As mentioned in the previous subsection, any special L2 handling for bearer type switching between xCG bearer configured with two logical channels and xCG bearer configured with a single logical channel is not required. In our view, when a bearer type is changed from duplication bearer (i.e. two logical channel) to non-duplication bearer (i.e. one logical channel), releasing one logical channel is sufficient. For the opposite case, creating one logical channel and starting duplication are expected.

Proposal 2: L2 actions for switching between xCG bearer configured with two logical channels and xCG bearer configured with one logical channel is left to UE implementation.
2.3 Default Leg in CA Duplication
An open issue is how to indicate the LCH to be used for normal transmission (not duplication) when the duplication is deactivated or bearer type is changed to non-duplication bearer. Since RLC SN could be different between two LCHs, it should be determined by either explicit or implicit way. Otherwise, synchronization between TX and RX RLC entities cannot be guaranteed.
Proposal 3: When the packet duplication in CA case is deactivated or disabled, default leg continues the transmission and the other leg stops deactivated. The default leg is specified by either explicit or implicit way.

Regarding the selection of the default leg, we may consider the following options:
· Option A: RRC configuration specifies default leg. 
· Option B: Duplication Activation/Deactivation MAC CE indicates default leg
· Option C: LCH mapped to PCell or PSCell is the default leg.
· Option D: LCH with smaller LCID is the default leg.
· Option E: LCH mapped to PCell or PSCell is the default leg. If no LCH is mapped to PCell/PSCell, then LCH mapped to SCell with the smallest SCellIndex is the default leg.

Options A and B are about explicit indication whereas options C, D and E are about implicit way. One thing clear is that all the options are feasible and do not have much complexity. So the next question would be whether the explicit indication has a useful scenario. In CA duplication, carrier restriction of each logical channel is not applied when the duplication is deactivated or disabled. Therefore, packet delivery performance on, for instance, packet loss or retransmission is almost independent of leg selection.
Among explicit ways, option B enables more dynamic control than option A in which RRC configuration is not easy to be changed so frequently. Option C is only feasible under assumption that PCell/PSCell should be mapped to either one of logical channel. It is open for now and is not agreed yet. Option D is feasible only if one RB is mapped to two LCHs whose LCIDs are different from each other. This means that two LCID values are necessary for the duplication bearer. Option E is always feasible, regardless of mapping of PCell or number of LCIDs. 
Proposal 4: RAN2 to decide how to specify the default leg among the following options:
· Option A: RRC configuration specifies default leg. 
· Option B: Duplication Activation/Deactivation MAC CE indicates default leg
· Option C: LCH mapped to PCell or PSCell is the default leg.
· Option D: LCH with smaller LCID is the default leg.
· Option E: LCH mapped to PCell or PSCell is the default leg. If no LCH is mapped to PCell/PSCell, then LCH mapped to SCell with the smallest SCellIndex is the default leg.

3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Proposal 1: CA duplication is supported by MCG bearer or SCG bearer configured with two logical channels.
Proposal 2: L2 actions for switching between xCG bearer configured with two logical channels and xCG bearer configured with one logical channel is left to UE implementation.

Proposal 3: When the packet duplication in CA case is deactivated or disabled, default leg continues the transmission and the other leg stops deactivated. The default leg is specified by either explicit or implicit way.

Proposal 4: RAN2 to decide how to specify the default leg among the following options:

· Option A: RRC configuration specifies default leg. 
· Option B: Duplication Activation/Deactivation MAC CE indicates default leg
· Option C: LCH mapped to PCell or PSCell is the default leg.
· Option D: LCH with smaller LCID is the default leg.
· Option E: LCH mapped to PCell or PSCell is the default leg. If no LCH is mapped to PCell/PSCell, then LCH mapped to SCell with the smallest SCellIndex is the default leg.

