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Introduction
One of the stated objectives of the NR IIoT study item [1] is to study PDCP duplication with more than 2 copies leveraging combination of DC and CA, whereupon data transmission takes place from at most two nodes. This document offers some considerations regarding this topic.

1. L2/L3 enhancements:
0. [bookmark: _Hlk524312897][bookmark: _Hlk524312950]Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):
0. Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.
0. PDCP duplication with more than 2 copies leveraging (combination of) DC and CA, whereupon data transmission takes places from at most two nodes: assessment of the gains, and if beneficial, study the associated solutions. 
0. Potential impacts of higher layer multi-connectivity as studied by SA2.


Considerations for packet duplication with more than two copies
In current Release 15 specifications [2][3], there is a condition restricting the use of duplication with more than 2 copies leveraging a combination of DC and CA. When duplication is activated, the PDCP can be configured with only two RLC entities – primary and secondary. The two logical channels corresponding to these two RLC entities can either be served by the same MAC, in which case it is a CA scenario, or different MACs, in which case it is a DC scenario. Per the agreement made in RAN2 NR-AH#2 [4], in NR-NR DC, CA packet duplication can only be configured for non-split bearer. This is a restricting condition when trying to use duplication with more than 2 copies leveraging a combination of DC and CA. Note that when this decision was made by RAN2, it may have been made without considering future potential needs for URLLC service. We propose to remove this restriction and enable CA packet duplication for split bearer as well.
Note that the NR IIoT SI objective clearly implies that even for duplication with more than 2 copies leveraging CA+DC, at a given time data transmission can take place from not more than two nodes. This implies that if we want to leverage duplication with more than 2 copies with CA+DC, even though PDCP may be configured with more than two RLC entities, PDCP may need to choose which two RLC entities to use for duplicate packet transmission. 
This may have some implications for RAN3. For example, RAN3 may need to assess whether sufficient information is available over Xn/F1 interfaces to the PDCP for more than 2 RLC entities in order to accurately decide which two RLC entities are used for duplicate packet transmission. 
Proposal 1: CA packet duplication needs to be enabled for split bearer to support duplication with more than 2 copies leveraging DC + CA, even if data transmission takes place from not more than two nodes.
Proposal 2: RAN3 may need to evaluate implications to Xn/F1 specifications of supporting more than 2 RLC entities configured at the PDCP. 
At the RAN3#101bis meeting there was some discussion about scenarios to be supported for DC + CA combination [5]. Specifically, in [5] the following scenarios were discussed:
· MCG split bearer with CA configured for MN, SN, or both MN and SN. 
· SCG split bearer with CA configured for MN, SN or both MN and SN.
These two categories of scenarios can be further reorganized into the following sets:
· Group 1: 
· 1a: MCG split bearer with CA configured for either MN or SN
· 1b: SCG split bearer with CA configured for either MN or SN
· Group 2: 
· 2a: MCG split bearer with CA configured for both MN and SN
· 2a: SCG split bearer with CA configured for both MN and SN
The difference between Groups 1 and 2 is in the number of RLC entities that may need to be configured at the PDCP for duplications. Group 1a is certainly a scenario of interest since it represents many possible use cases. For example, for NR-NR DC, the current agreement for Release 15 is that NR-NR DC will be supported only between FR1 and FR2 bands. Eventually, we may assume that such restriction on NR-NR DC may be removed. Therefore, the following example Group 1a use cases could be possible in NR deployments:
Example Group 1a use cases with NR-NR DC between FR1 and FR2:
· MCG on NR cell with two carriers on FR1 + SCG on NR cell with FR2 carrier
· MCG on NR cell with one FR1 carrier + SCG on NR cell with two FR2 carriers

Example Group 1a use cases with unrestricted NR-NR DC (potentially beyond Release 15):
· MCG on NR cell with two carriers on FR1/2 + SCG on NR cell with FR1/2 carrier
· MCG on NR cell with one FR1/2 carrier + SCG on NR cell with two FR1/2 carriers

Group 1b for NR-NR DC implies that the MN is on FR2, which is in a less likely deployment scenario. However, one aspect of Group 1b may be useful for EN-DC deployment. Currently, according to agreement made in RAN2 NR AH#2 meeting [4], CA packet duplication is not applied to LTE CA in EN-DC. Hence, for EN-DC, Group 1b case with CA configured for MN is not allowed. However, the specifications may still allow Group 1b case with CA configured for SN:
Example Group 1b use cases with EN-DC:
· MCG on LTE cell with one FR1 carrier + SCG on NR cell with two FR2 carriers
· MCG on LTE cell with one FR1 carrier + SCG on NR cell with two FR1 carriers
Finally, in principle all the Group 1 use cases may be extended to Group 2 use cases. However, this depends upon feasibility of configuring up to 4 RLC entities at the PDCP for packet duplication.
Proposal 3: RAN3 should consider use cases discussed above when evaluating scenarios for DC + CA combination for duplication.

Conclusion
This contribution some considerations were discussed for packet duplication with more than 2 copies leveraging combination of CA + DC for NR IIoT. The following proposals were offered for consideration:
[bookmark: _GoBack]Proposal 1: CA packet duplication needs to be enabled for split bearer to support duplication with more than 2 copies leveraging DC + CA, even if data transmission takes place from not more than two nodes.
Proposal 2: RAN3 may need to evaluate implications to Xn/F1 specifications of supporting more than 2 RLC entities configured at the PDCP. 
Proposal 3: RAN3 should consider use cases discussed above when evaluating scenarios for DC + CA combination for duplication.
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