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Introduction
[bookmark: _Hlk523733459]In RAN #81, a revised SID on Study on NR Industrial Internet of Things (IoT) is approved. The potential enhancements on data duplication and multi-connectivity are discussed and captured in this study item, as shown in the following [1]:
a)	Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):
i)	Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.
ii)	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. 
iii)	Potential impacts of higher layer multi-connectivity as studied by SA2.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In this paper, we will discuss the issue about data duplication and multi-connectivity enhancement and give our proposals.
[bookmark: _Ref178064866]Discussion
In Rel-15, PDCP duplication with at most 2 copies was introduced in LTE and NR. With packet duplication, higher reliability requirement can be achieved while resource overhead is higher. And according to IIoT SID, one objective is to introduce more than 2 PDCP copies transmission which may cause even more resource consumption. However, resource efficiency is always important for Uu interface transmission. Thus, how to preform PDCP duplication efficiently is an important issue for this “more than 2 copies” objective. 
[bookmark: _Toc528844725][bookmark: _Toc528849031][bookmark: _Toc528921668]Resource efficiency and reliability needs to be trade-off for PDCP duplication efficiency.
And a sketch of more than 2 PDCP duplication is shown below:


Figure 1 One sketch of more than 2 PDCP duplication
As we understood, it is network decision to decide how to configure duplication and whether to activate or deactivate duplication, including:
· How many RLC entity used for duplication, 
· To which RLC entity the duplicated submission from PDCP entity is activated or deactivated. 
To activate/deactivate duplication efficiently, some information, e.g. radio link quality information is very useful for gNB decision. If the cell link quality is low, there is no need to maintain duplication activation on this cell. However, cell link quality is dynamic due to UE mobility or others environmental change, it is better for gNB to configure UE measurement and then obtain cell quality information in event-triggered or time-triggered way. Thus, we think assistant information reported by UE is helpful to the network decision.
[bookmark: _Toc528844730][bookmark: _Toc528844749][bookmark: _Toc528250651][bookmark: _Toc528252767][bookmark: _Toc528252991][bookmark: _Toc528844731][bookmark: _Toc528844750][bookmark: _Toc528849025][bookmark: _Toc528921664]Assistant information reported by UE is recommended to help the network decision for efficient duplication.
In Rel-15, Duplication Activation/Deactivation MAC CE is introduced to activate or deactivate PDCP duplication on 2 legs. In Rel-16, RAN2 also need to consider which signaling is used by to indicate UE duplication activation/deactivation, and we think MAC CE is a most straightforward way for this question, with only one specific point than Rel-15: how to indicate duplication activation/deactivation on more than 2 legs. If Rel-15 duplication activation/deactivation MAC CE is reused, all secondary legs should be aligned with the same behavior, i.e. all secondary legs are activated if receiving Duplication Activation/Deactivation MAC CE to activate duplication, otherwise only one leg is left. It will induce duplication restriction and violate the principle on duplication efficiency. Thus one new MAC CE is preferred to activate or deactivate duplication on more than two legs.
[bookmark: _Toc528252763][bookmark: _Toc528252994][bookmark: _Toc528844726][bookmark: _Toc528849032][bookmark: _Toc528921669]Re-using Duplication Activation/Deactivation MAC CE is not applicable for “more than two legs” case.
Two candidate ways are listed to activate/deactivate PDCP duplication for “more than two legs” case: 
· One way is to design a MAC CE which is only applicable to “more than two legs”, and rely on legacy MAC CE for “two leg” case. The drawback of this case is much complexity to the network and UE since they need to recognize 2 MAC CE used for the same intention, i.e. to activate/deactivate PDCP duplication. In addition, one bearer should be designed only indicated by one type of duplication MAC CE, otherwise conflict issue should be considered.
· The other way is to design a new MAC CE which support any status for multiple legs combination, including one leg activation, 2 legs activation, 3 legs activation, and 4 legs activation. The Pros of this unified approach is no conflict issue existing and can be applied for all possible cases.
Thus, we think there is no need to consider the co-existing case of duplication Activation/Deactivation MAC CE in Rel-15 and in Rel-16. And the second way, the new MAC CE for any status for multiple legs combination is enough.
[bookmark: _Toc528844732][bookmark: _Toc528844751][bookmark: _Toc528844733][bookmark: _Toc528844752][bookmark: _Toc528844734][bookmark: _Toc528844753][bookmark: _Toc528250653][bookmark: _Toc528252769][bookmark: _Toc528252993][bookmark: _Toc528849026][bookmark: _Toc528921665]A new MAC CE for any status for multiple legs combination is introduced for PDCP duplication activation/deactivation.
Conclusion
Based on the discussion above, we made the following observations:
[bookmark: _GoBack]Observation 1	Resource efficiency and reliability needs to be trade-off for PDCP duplication efficiency.
Observation 2	Re-using Duplication Activation/Deactivation MAC CE is not applicable for “more than two legs” case.

And propose the following:
Proposal 1	Assistant information reported by UE is recommended to help the network decision for efficient duplication.
Proposal 2	A new MAC CE for any status for multiple legs combination is introduced for PDCP duplication activation/deactivation.

[bookmark: _In-sequence_SDU_delivery]References
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