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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved. One of the study areas is this SI is “L2/L3 enhancements”: 
· Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):
· Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.
· 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. 
· Potential impacts of higher layer multi-connectivity as studied by SA2.
In this contribution the sub-area of “PDCP duplication with more than 2 copies” is analysed.
[bookmark: _Ref178064866]Discussion
Scenarios 
According to the SID, PDCP duplication with more than two copies shall be investigated. Currently PDCP duplication is limited to two copies only. 
PDCP duplication becomes beneficial in a scenario where a targeted reliability to deliver packets within a certain latency over one link/carrier cannot be guaranteed. In this case, leveraging packet duplication gives another degree of providing reliability, i.e. by duplicating the packet via another link/carrier, which due to frequency diversity can be considered rather uncorrelated. This way residual error probabilities of the packet transmission can be significantly reduced i.e. from 10^-x to 10^-2x. Employing more than 2 independent links, i.e. m multiple links, in the duplicate transmission scheme would reduce residual errors even further i.e. to overall 10^-mx. It goes without saying that the overall spectral efficiency is reduced by a factor of m in this case (and further reduced considering duplicate header overhead). 
[bookmark: _Toc528667567][bookmark: _Toc528760675]For uncorrelated transmission on the m multiple carriers, reliability can be increased from residual error 10^-x to 10^-mx when all duplicates are received within the latency bound. 
It is unclear though, in which scenarios the extremely low reachable residual errors with PDCP duplication with more than two copies is actually required. The below table illustrates the reachable residual errors:
	Single link residual error
	PDCP duplication 2x
	PDCP duplication 3x
	PDCP duplication 4x

	10^-1
	10^-2
	10^-3
	10^-4

	10^-2
	10^-4
	10^-6
	10^-8

	10^-5 (Rel-15)
	10^-10
	10^-15
	10^-20


 
On the other hand, allowing multiple duplicate transmissions can also be seen as an opportunity for more flexible transmission of the two duplicates, i.e. while allowing more than two transmission paths, duplication may be limited to two duplicates according to on which paths the first two transmission opportunities arise. This way, resource wastage would be limited while still allowing use of the carriers among the available carriers for duplication where transmission happens first.
[bookmark: _Toc528667568][bookmark: _Toc528760676]Transmitting only two duplicates among multiple configured potential duplication paths may fulfil reliability targets while still being resource efficient. 

Taking the above observations into account, we propose:
[bookmark: _Toc528760573][bookmark: _Toc528760679]Consider PDCP duplication with more than two copies not needed to fulfil reliability targets. 
[bookmark: _Toc528760574][bookmark: _Toc528760680]Focus on improving resource efficiency e.g. by limiting number of duplicates sent when more than two duplication paths are available.
Protocol architectures 
Currently, in a carrier aggregation protocol architecture, PDCP duplication is permitted only on a non-split DRB or SRB and beside the original RLC entity, one additional RLC entity is configured for duplicate transmission. On MAC, LCH transmission restrictions are configured in order to avoid multiplexing the duplicates from the different RLC entities to the same carrier in order to uphold frequency diversity.
[image: ]
Figure 1: PDCP duplication in carrier aggregation.
For PDCP duplication with multiple copies, it can be envisaged that further RLC entities are configured for the non-split bearer as visualized in Figure 1. Each further logical channel would thereby be configured with further LCH restrictions for the respective carriers. 
[bookmark: _Toc528667532][bookmark: _Toc528760677]In CA-duplication multiple duplicates would be transmitted via multiple configured RLC entities for the non-split bearer, each configured with LCH-to-cell transmission restrictions. 
In NR dual connectivity (DC), the UE is connected to two different nodes / cell groups / MAC entities. This limitation is kept according to the SID. However, multiple copies are envisaged to be employed also in this architecture, which is possible by employing carrier aggregation together with DC. This is visualized in Figure 2 for CA in SCG and MCG respectively. In a further not shown scenario, CA may be employed in both cell groups. 
[image: ]
Figure 2: PDCP duplication in DC and CA together. Left for SCG CA and right for MCG CA.
In this scenario, it would be a split bearer, that is configured in addition with multiple associated RLC entities per cell group, as needed for CA duplication. 
[bookmark: _Toc528667533][bookmark: _Toc528760678]In duplication with multiple transmission paths applied to DC, CA duplication is configured as well i.e. for a split bearer.
Furthermore, it has to be decided whether any of the duplication types above would be applicable to control plane and/or user plane, as well as unacknowledged mode and acknowledged mode. 
It becomes obvious from the above that benefit of allowing PDCP duplication with multiple copies in the various scenarios should be carefully evaluated considering the complexities introduced.
[bookmark: _Toc528667536][bookmark: _Toc528760575][bookmark: _Toc528760681]Carefully evaluate different bearer/architecture/configuration possibilities when allowing PDCP duplication with multiple copies.
Conclusion
[bookmark: _GoBack]We made the following observations:
Observation 1	For uncorrelated transmission on the m multiple carriers, reliability can be increased from residual error 10^-x to 10^-mx when all duplicates are received within the latency bound.
Observation 2	Transmitting only two duplicates among multiple configured potential duplication paths may fulfil reliability targets while still being resource efficient.
Observation 3	In CA-duplication multiple duplicates would be transmitted via multiple configured RLC entities for the non-split bearer, each configured with LCH-to-cell transmission restrictions.
Observation 4	In duplication with multiple transmission paths applied to DC, CA duplication is configured as well i.e. for a split bearer.

Based on the discussion above, we propose the following:
Proposal 1	Consider PDCP duplication with more than two copies not needed to fulfil reliability targets.
Proposal 2	Focus on improving resource efficiency e.g. by limiting number of duplicates sent when more than two duplication paths are available.
Proposal 3	Carefully evaluate different bearer/architecture/configuration possibilities when allowing PDCP duplication with multiple copies.
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