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1 Introduction
In this contribution some open issues for PDCP duplication in LTE is discussed. 
2 Discussion
2.1 Submission of duplicates to lower layers
In RAN2#101 the following agreement was made for packet duplication:

“The PDCP entity transmits duplicated PDCP PDU only when requested by lower layers, as in LTE.”
During e-mail discussion [101#47] a question was raised whether the PDCP entity should submit the PDCP PDU to the RLC entity that requests the submission or to both RLC entities when one of the RLC entities requests a submission. 
In LTE there is no pre-processing like in NR. The RLC PDU’s are built based upon the received grant. If a PDCP PDU would be transmitted to RLC before RLC has requested it, i.e. before there is a grant, RLC doesn’t know how to build the PDU as the size of the PDU depends on the grant. A queue would be created in RLC, but no sequence numbers would be allocated and the handling is not defined. The PDU cannot be cancelled in PDCP even if the other PDU has already been received successfully. If a queue is built up in on of the RLC entities, the reception time difference between the entities becomes large and use of duplication becomes meaningless.
Transmission of a PDCP PDU to an RLC entity which hasn’t requested the transmission is not according to the agreement made in RAN2#101 and it is not inline with the current handling in LTE. Changing the current handling could potentially create new problems and the impacts are unclear. Such a change needs to be well motivated. There doesn’t seem to be any clear reason to why the handling should be changed. Therefore, it is proposed to stick to the agreement made in RAN2#101: 
Observation 1: There is no benefit in submitting PDCP PDUs to lower layers prior to request from lower layers.
2.2 Out-of-order delivery from RLC to PDCP
Currently in LTE the packets are always delivered in sequence from RLC to PDCP. That means that RLC will wait for one packet before delivering to PDCP even if later packets have already been received and one packet might delay a whole sequence of packets. For packet duplication that is not the desired behaviour due to latency reasons and also because the duplicate packet might already have been received by PDCP and the RLC entity might wait for something that is not needed. Consider for example if 1, 3 are received on the primary leg while packet 2 is received on the secondary leg. If the RLC entities deliver out of order the PDCP entity would get all packet 1, 2 and 3. But if in-sequence delivery would be applied in RLC, only packet 1 would be received at PDCP since the primary leg would wait for packet 2 before delivering packet 3 and the secondary leg would wait for packet 1 before delivering packet 2.
Not supporting out-of-order delivery from RLC to PDCP will impact the latency in a negative way. The impact to the specification is also small, see [2]. Therefore, it is proposed to support out-of-order delivery from RLC to PDCP. 

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

In order not to impact legacy it needs to be configurable whether the out-of-order should be used. 

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

Reordering in PDCP has already been agreed to be supported for PDCP duplication.
2.3 PDCP Control PDUs
RAN2 has not discussed whether PDCP Control PDUs should be duplicated or not. As the control PDU’s do not contribute to the latency there doesn’t seem to be any strong reason to duplicate the control PDUs. It is therefore proposed not to include the control PDUs in the duplication. 
Proposal 3: Do not duplicate PDCP Control PDUs.
2.4 Split bearer
During the e-mail discussion [101#47] there were several questions raised about the parameter ul-DataSplitDRB-ViaSCG. When there is very little data to transmit in case of a split bearer, there is an option to transmit all data via the only the MCG or the SCG and not split the data between the MCG and SCG. The parameter ul-DataSplitDRB-ViaSCG indicates that the data should only be sent via the SCG. 

When PDCP duplication is activated the data is always sent on both the primary and the secondary leg, i.e. there is no case that the data is being sent on only one of the legs. In case of packet duplication using dual connectivity where one leg is in the MCG and one in the SCG, the data is always sent on both the MCG leg and the SCG leg. Therefore, the parameter is not applicable when PDCP duplication is activated. 

Observation 2: The parameter ul-DataSplitDRB-ViaSCG is not applicable when PDCP duplication is activated.

3 Summary
RAN2 is kindly asked to discuss the following observations and proposals:
Observation 1: There is no benefit in submitting PDCP PDUs to lower layers prior to request from lower layers.
Proposal 1: Support out-of-order delivery from RLC to PDCP.

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

Proposal 3: Do not duplicate PDCP Control PDUs.
Observation 2: The parameter ul-DataSplitDRB-ViaSCG is not applicable when PDCP duplication is activated.
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