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Introduction

During the RAN#81 meeting, the SI of NRIoT is approved (RP-182068) , and the issue on PDCP duplication with more than 2 copies is raised. “PDCP duplication with more than 2 copies  leveraging (combination of) DC and CA, whereupon data transmission takes places from most two nodes : assessment of the gains, and if beneficial, study the associated solutions.”
This paper discusses on the scenarios of  combined DC and CA based PDCP duplication and the support for duplication configuration, (de)activation and PDCP PDUs discard functions based on current specification version.
Discussion
For CA duplication , there is RAN2 agreement as follows:

Agreements

1:
CA packet duplication is not applied to LTE CA of EN-DC.

2: 
In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.

3: 
In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.
In TS37.340, the normative text is “In EN-DC and NGEN-DC, CA packet duplication can only be configured for SCG bearer. In NE-DC, CA packet duplication can only be configured for MCG bearer.” So, in order to support combined DC and CA based PDCP duplication , CA based PDCP duplication should be also applied to split bearer in NR.

Proposal 1: In order to support combined DC and CA based PDCP duplication, CA based PDCP duplication should be applied to split bearer in NR as well.

In Current R15, CA based PDCP duplication can be applied to both SRB and DRB, and DC based PDCP duplication  can be applied to both split SRB and split DRB for all MR-DC options. (Quote from TS37.340: This version of the specification does not support the duplication of RRC PDUs generated by the SN via the MN and SN paths ) . But it is not clear whether combined DC and CA based PDCP duplication is applied to SRB. From our point of view, the extra performance gain can also be achieved for high reliability and low latency by supporting SRB duplication. We suppose to support  combined DC and CA based PDCP duplication for SRB. 

Proposal 2: Combined DC and CA based PDCP duplication is applied to both SRB and DRB.

Considering CA duplication can be configured at SN side, or MN side, or both sides for MCG split bearer and SCG split bearer, so the possible scenarios for combined DC and CA based PDCP duplication are shown in the following figure. 
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Fig1:   MCG split bearer(with CA duplication configured at MN, or SN, or both nodes)
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Fig2:   SCG split bearer(with CA duplication configured at MN, or SN, or both nodes)
Proposal 3:  RAN3 needs to discuss whether all the above scenarios need to be supported(e.g. MCG/SCG split bearer with CA duplication configured at MN, or SN, or both sides).
For MCG split bearer/SCG split bearer  with CA duplication configured at MN, or SN, or both nodes, it has already supported to setup two user plan tunnels between PDCP hosting node and assisting node for CA duplication via XnAP, and the  initial status of UL PDCP duplication and LCID of primary path are available for CA duplication on Xn interface. If  CU/DU split is deployed in the node configured with CA duplication, it has already supported to setup two F1-U tunnel, and  the initial status of UL CA based PDCP duplication and LCID of primary path are also available on F1 interface. If  CU/DU split is deployed in the node configured with DC duplication, the initial status of UL DC based PDCP duplication and DC based PDCP duplication indication are available on F1 interface. For MN terminated split bearer, MeNB can use mcg-RB-Config IE in CG-ConfigInfo container to indicate to SgNB on duplication information. 

Proposal 4:   The current version of Xn/F1 specifications can support the configuration for MCG split bearer/SCG split bearer with CA duplication configured at MN, or SN, or both nodes, but further check maybe needed.
In Current PDCP specification, the defined primary path is associated with one RLC entity. if the PDCP duplication is activated,duplicated PDCP PDUs will be transmitted to both associated RLC entities. Otherwise, if the PDCP duplication is deactivated, PDCP entity will only submit PDCP PDU to the primary RLC entity.  For combined CA and DC duplication, since CA duplication can be configured at SN side, or MN side, or both sides for MCG split bearer and SCG split bearer, the primary path could be associated with one CG path (MCG or SCG) or one RLC entity. The difference between these two approaches is listed as follows:

Primary path associated with one RLC entity :  if the PDCP duplication is deactivated, PDCP entity will submit PDCP PDU to the only one primary RLC entity. 

Primary path associated with one CG path:  if the PDCP duplication is deactivated, PDCP entity will only submit PDCP PDU to  either the MCG path or the SCG path. If the primary CG path is configured with CA duplication, even duplication is deactivated, PDCP entity will submit duplicated packets to both RLC entities associated with this primary CG path.

Proposal 5:   For (de)activation mechanism, the definition of the primary path should be discussed, which has impact on the PDCP specification and the IE design of RRC message, the possible impact on RAN3 based on the progress of RAN2.

In current TS38.425, The ASSISTANCE INFORMATION DATA frame may include the downlink PDCP Duplication Activation Suggestion and  Radio Quality Assistance Information, and the PDCP hosting node may take these information into account to make the final decision on whether to activate or not activate DL PDCP duplication.  Since the PDCP hosting node receives ASSISTANCE INFORMATION DATA frame from all legs and makes final downlink PDCP duplication (de)activation decision, no more coordination mechanism between the nodes for DL PDCP duplication (de)activation is needed.

Proposal 6:   The current (de)activation mechanism for DL duplication can support combined DC and CA based PDCP duplication well, no more enhancement is needed.

For UL (de)activation PDCP duplicaton, the activation and deactivation is implemented via MAC CE. There is  RAN2 agreement “MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism”, but for the combined DC and CA based PDCP duplication of NRIoT,  considering that more RLC entities are associated with the duplicated DRB, the probability of conflict MAC CE command independent sent from MN and SN may increase, so the current (de)activation mechanism for UL duplication needs to be enhanced to support the coordination between the NG-RAN nodes.
Proposal 7:   The current (de)activation mechanism for UL duplication needs to be enhanced in order to support  the coordination between the NG-RAN nodes for combined DC and CA based PDCP duplication.
For UL duplicated PDCP PDUs discard, UE knows whether the PDCP PDU has been successfully delivered in one path, and if so, UE can discard the corresponding PDCP PDU for other paths. There is no impact on specification.

For DL duplicated PDCP PDUs discard, the PDCP hosting node can get the PDCP PDUs transmission status (e.g successful delivered for AM or successful transmitted to MAC for UM), then the PDCP hosting node can indicate to the corresponding node to either discard all NR PDCP PDUs up to and including a defined DL discard NR PDCP PDU SN or discard one or a number of blocks of downlink NR PDCP PDUs. Form our view, The discard mechanism for duplicated PDCP PDUs can support combined DC and CA based PDCP duplication well.

Proposal 8:    The discard mechanism for duplicated PDCP PDUs  can support combined DC and CA based PDCP duplication well, no more enhancement is needed.
Conclusion
The following  and proposals  are provided:

Proposal 1: In order to support combined DC and CA based PDCP duplication, CA based PDCP duplication should be applied to split bearer in NR as well.

Proposal 2: Combined DC and CA based PDCP duplication is applied to both SRB and DRB.
Proposal 3:  RAN3 needs to discuss whether all the above scenarios need to be supported(e.g. MCG/SCG split bearer with CA duplication configured at MN, or SN, or both sides).
Proposal 4:   The current version of Xn/F1 specifications can support the configuration for MCG split bearer/SCG split bearer with CA duplication configured at MN, or SN, or both nodes, but further check maybe needed.
Proposal 5:   For (de)activation mechanism, the definition of the primary path should be discussed, which has impact on the PDCP specification and the IE design of RRC message, the possible impact on RAN3 based on the progress of RAN2.

Proposal 6:   The current (de)activation mechanism for DL duplication can support combined DC and CA based PDCP duplication well, no more enhancement is needed.

Proposal 7:   The current (de)activation mechanism for UL duplication needs to be enhanced in order to support  the coordination between the NG-RAN nodes for combined DC and CA based PDCP duplication.
Proposal 8:    The discard mechanism for duplicated PDCP PDUs  can support combined DC and CA based PDCP duplication well, no more enhancement is needed.
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