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1 Introduction
In this contribution some open issues for PDCP duplication in LTE is discussed. 
2 Discussion
2.1 Out-of-order delivery from RLC to PDCP for RLC UM
In RAN2#101bis it was agreed that out-of-order delivery from RLC to PDCP should be supported for RLC AM and it is FFS whether it should be supported for RLC UM. The reason it was left FFS for RLC UM was that it was brought up whether setting tReordering timer to 0 would in fact be the same as having out-of-order delivery. 
For RLC UM there is no Ack/Nack of received PDUs, but the RLC entity still waits the tReordering time for outstanding segments to arrive to reassemble the segments. Some segments may arrive later in case there were HARQ retransmissions. Setting tReordering to 0 means that there is no waiting time for segments which have been subject to HARQ retransmission, i.e. it is the same as discarding the HARQ retransmissions which is not the desired behaviour. For out of order delivery, the segments should be reassembled to RLC SDUs before delivery to PDCP, but there is no need to wait for the SDUs to be in sequence. Therefore, setting tReordering timer to 0 is not the same as having out-of-order delivery.
Currently in LTE the packets are always delivered in sequence from RLC to PDCP. That means that RLC will wait to deliver a packet to PDCP until all earlier packets (with lower SN) has been received and delivered to PDCP and as a result one packet might delay a whole sequence of packets . For packet duplication that is not the desired behaviour due to latency reasons. For example, consider that packet 1 and 3 are received on the primary leg and packet 2 is received on the secondary leg, then the primary leg would wait until packet 2 is received and the secondary leg would wait until packet 1 is received. But if the RLC entities would deliver out of sequence all packets would have been received. 

By supporting out-of-order delivery from RLC to PDCP for RLC UM the latency performance will be improved. RLC UM is an important use case for PDCP duplication to increase the reliability for RLC UM. The impact to the specification is also small, see [2]. Therefore, it is proposed to support out-of-order delivery from RLC to PDCP also for RLC UM. 

Proposal 1: Support out-of-order delivery from RLC to PDCP for RLC UM.

It was agreed in RAN2#101bis that out-of-order delivery for RLC AM is configurable. The same behaviour should be applied for RLC UM as well. The same parameter can be used as for RLC AM as reconfiguration between RLC AM and UM anyhow needs an RRC reconfiguration and then this parameter can be reconfigured at the same time and be applied to the new configuration.
Proposal 2: The out-of-order delivery from RLC to PDCP for RLC UM is configurable.

Proposal 3: The same parameter as for RLC AM, rlcOutOfOrderDelivery, can be used for the configuration.
Out of order delivery from RLC to PDCP can be used in other cases as well, e.g. for LTE/5GC and EN-DC where NR PDCP will be used, Therefore, it is proposed that a separate UE capability is defined for out-of-order delivery from RLC to PDCP.
Proposal 4: Define a separate UE capability for out-of-order delivery from RLC to PDCP.

During e-mail discussion 101bis#62 a question was raised whether there should be any limitations in the reconfiguration of out-of-order delivery. When there is a reconfiguration from out-of-order delivery to in-order delivery, it can be expected that such a case would work without requiring additional specification work. State variables to handle late arriving packets would be properly updated. After the reconfiguration there is no out-of-order delivery so there is no issue with PDCP expecting only in-order deliveries. 
However, when there is a reconfiguration from in-order delivery to out-of-order delivery there might be a problem in some implementations since the out-of-order delivery is only done when a PDU is received. A new procedure might be needed to specify that at this reconfiguration, data from the reordering buffer (received during in-order-delivery) would need to be delivered out-of-order. An alternative would be to simply trigger to RLC Reestablishment.
Anyhow, these cases can be taken care of in implementation. If eNB thinks an RLC re-establishment is needed, it may indicate it to the UE using legacy procedures. There is no need to restrict any cases in the specification. 
Proposal 5: Leave it up to implementation when to perform RLC re-establishment at reconfiguration to/from RLC out-of-order delivery.
The NR parameter outOfOrderDelivery is related to out-of-order delivery from PDCP to the applications, which is a different thing and no agreement was made yet to support it also in LTE.

2.2 Number of DRBs with duplication
When RAN2 started discussing PDCP duplication there were at most 8 DRBs. Based on this RAN2 agreed that the MAC CE used to activate/deactivate PDCP duplication of DRBs should have 8 bits, i.e. one per DRB. However, now the new work item INOBEAR is extending the number of DRBs to 15. The question is then, should it be possible to duplicate all these 15 DRBs? It is not expected to be a common configuration that 15 DRBs are configured for duplication, but there is also not a strong need to have a specification which makes it impossible to go beyond 8 duplicated DRBs. To support duplication of up to 15 DRBs would result in that the MAC CE used for PDCP duplication activation/deactivation have two octets.
Proposal 6: Support activation/deactivation of duplication for up to 15 DRBs.
3 Summary
RAN2 is kindly asked to discuss the following proposals:
Proposal 1: Support out-of-order delivery from RLC to PDCP for RLC UM.

Proposal 2: The out-of-order delivery from RLC to PDCP for RLC UM is configurable.

Proposal 3: The same parameter as for RLC AM, rlcOutOfOrderDelivery, can be used for the configuration.

Proposal 4: Define a separate UE capability for out-of-order delivery from RLC to PDCP.

Proposal 5: Leave it up to implementation when to perform RLC re-establishment at reconfiguration to/from RLC out-of-order delivery.
Proposal 6: Support activation/deactivation of duplication for up to 15 DRBs.
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