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1   Introduction
In RAN2#99bis and #100 meetings, the following agreements were made for PDCP duplication [1] [2]:

	Agreements in RAN2#99bis
1
PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
2
RAN2 works on PDCP data duplication for both CA and DC.

3
At least UM bearers are supported for PDCP duplication via CA.
4
PDCP enables reordering and duplication detection when PDCP duplication is configured.
5
MAC CE is used for activation and deactivation of PDCP duplication for each RB configured with duplication.
6
PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started, which is the same as NR.

Agreements in RAN2#100

1
The logical channel handling can take the NR’s conclusion as baseline:

Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.

3
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.

4
Support RLC UM for packet duplication via DC.


In this contribution, we will discuss the RLC impacts of packet duplication.
2   Discussion

In LTE, an RLC entity can be configured to perform data transfer in one of the following three modes: Transparent Mode (TM), Unacknowledged Mode (UM) or Acknowledged Mode (AM). Only UM and AM support reordering function to reorder the UMD PDUs or AMD PDUs if they are received out of sequence. Besides, A PDCP entity expects in-sequence delivery, except at re-establishment of RLC, from lower layers per RLC entity. That means there is only a single reordering operation in reception RLC entity for case of single connectivity. For dual connectivity split bearer, even the PDCP PDUs are delivered in sequence by RLC entity, as there are two RLC entities, the PDCP PDUs from these two RLC entities may be out of sequence. Therefore, reordering function applies for DC in PDCP layer. That means, there are redundant operation of reordering. Actually, the reordering operation will increase the latency of packet delivery to PDCP layer. In DC, there is no extreme restrictions on latency as HRLLC. Then there seems no problem with redundant operation. However, in HRLLC, the latency is too short to be met. Currently, it is agreed for PDCP to enable reordering function when PDCP duplication is configured. In order to meet the requirement of latency in HRLLC, RLC reordering function can be deactivated during PDCP duplication operation.
Proposal 1: RLC reordering function is deactivated during PDCP duplication operation.

After skipping reordering function, the RLC entity can reassemble RLC SDUs from received RLC PDUs and deliver the RLC SDUs to upper layer upon reassembling successfully.
Proposal 2: RLC entity delivers the RLC SDUs to upper layer upon the RLC SDUs are reassembled.

Currently, MAC CE and RRC signaling can be used to activate/deactivate PDCP duplication. Once the PDCP duplication is activated, the reordering function in PDCP layer applies. In that moment, the reordering function in RLC layer can be deactivated. On the contrary, once the PDCP duplication is deactivated, the reordering function in RLC layer is activated. 

Proposal 3: Once the PDCP duplication is deactivated, the reordering function in RLC layer is activated.
During PDCP duplication operation, the maximum number of retransmission may be reached in RLC AM. In legacy LTE, once the problem occurs, the transmitting side of RLC AM entity shall indicate to upper layers, i.e. RRC, that the maximum number of retransmission has been reached. In DC, upon the indication from MCG RLC, the UE considers radio link failure to be detected for MCG i.e. RLF. Then the UE will initiate the connection re-establishment procedure. If the indication is from SCG RLC for split bearer, the UE considers radio link failure to be detected for the SCG i.e. SCG-RLF. Then the UE will report SCG-RLF to MCG. For PDCP duplication via DC, the only difference from legacy DC is the packets transmitted with two paths are the same. Above RLF detection and report procedure can be reused for PDCP duplication. 
Proposal 4: MCG-RLF and SCG-RLF procedures are re-used for PDCP duplication.
For CA case, two RLC entities are configured for PDCP duplication. That means, each of RLC entity will indicate the maximum number of retransmission is reached.If the RLC entity associated to PCell works well, but the other RLC triggers RLF that RLC can send the RLF indication to the network via the RLC entity associated to PCell. If the RLC entity associated to PCell triggers RLF, it should perform re-establishment.
Proposal 6: For CA case, both RLC entities can trigger RLF. For the RLC entity associated to PCell, after RLF is triggered, the UE shall perform RRC re-establishment procedure; for the other RLC entity, the UE does not perform RRC re-establishment procedure and instead that RLC entity can send the RLC indication to the network via the RLC entity associated to PCell.
3   Conclusion

In this paper, we discussed the support of RLC AM for DRB duplication. First, we observed that:
Proposal1: RLC reordering function is deactivated during PDCP duplication operation.

Proposal2: RLC entity delivers the RLC SDUs to upper layer upon the RLC SDUs are reassembled.

Proposal3: Once the PDCP duplication is activated, the reordering function in RLC layer is deactivated. Once the PDCP duplication is deactivated, the reordering function in RLC layer is activated.

Proposal4: For PDCP duplication via DC, both RLC AM entity of MCG and RLC AM entity of SCG indicates to upper layers the maximum number of retransmissions is reached correspondingly. 

Proposal5: For PDCP duplication via DC, the indication of the maximum RLC retransmissions associated to MCG triggers RLF and then triggers re-establishment; the indication associated to SCG triggers SCG-RLF and UE reporting of SCG-RLF to MCG.

Proposal 6: For CA case, both RLC entities can trigger RLF. For the RLC entity associated to PCell, after RLF is triggered, the UE shall perform RRC re-establishment procedure; for the other RLC entity, the UE does not perform RRC re-establishment procedure and instead that RLC entity can send the RLC indication to the network via the RLC entity associated to PCell.
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