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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At 3GPP RAN#80 meeting, a new SI “Study on NR Industrial Internet of Things (IIoT)” was approved and updated in RAN#81[1]. One of the objectives is as below:
	1) L2/L3 enhancements:
a) [bookmark: _Hlk524312897][bookmark: _Hlk524312950]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) [bookmark: OLE_LINK19][bookmark: OLE_LINK20]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.



This contribution discusses various aspects of the PDCP duplication support for IIoT and addresses the following issues:
· The necessity of more than two legs
· Which mobility and multi-connectivity scenarios to prioritize?
· Connection and duplication resumption from Inactive state.
Discussion
The necessity of more than two legs
PDCP duplication is a useful L2 tool for reliability enhancement so that we can satisfy the reliability requirement of URLLC with moderate channel condition in which the reliability target of L1 is not very stringent. For example, as stated in LS [2] to SA2: “if two links operate with 10-4 reliability in PHY/MAC layer, then it is possible to achieve 10-8 reliability for a transmission on PDCP layer”.
One important question in IIoT is whether we need to support more than 2 copies.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]The most stringent reliability requirement in URLLC is 1-10-9 and several use cases require the reliability of 1-10-8. On one side, the reliability requirement can be achieved by 2-leg duplication when each link can reach high enough reliability, such as 1-(10-4~10-6). On the other side, the typical reliability of eMBB is 1-10-3 which means 3-leg duplication with common link can reach the reliability of 1-10-9 in theory. However, scheduling tools already exist in NR to differentiate the reliability of different radio bearers in UL over the same radio channel (e.g. LCP restrictions).
Observation 1: The requirement of more than 3-leg is not essential.
CA and DC duplication with 3-leg are shown in Figure 1. For CA duplication, each leg should use an exclusive CC set. For DC duplication, since it is excluded to extend DC to more than two CGs, one CG should configure 2-leg CA duplication when DC duplication is configured. 


  
[bookmark: _Ref528080124]Figure 1 CA (left) and DC (right) duplication with 3-leg
However, one more leg will introduce more resource waste and design complexity. At least below aspects shall be studied:
· Applicable use cases considering the combinations of: CA, DC/MR-DC, SRB/DRB, RLC mode;
· How to configure the 3-leg;
· Activation/deactivation design;
· Leg selection and switching among 1, 2, 3-leg;
· Resource efficiency.
Observation 2: 3-leg duplication would have major design impact and would require studying at least all applicable use cases (CA, DC, SRB/DRB, …), configuration aspects, activation/deactivation design, leg selection and switching, and resource efficiency.
Moreover, with the LTE enhancement, we specify the EN-DC duplication as follows [3]:
	[bookmark: _Toc525637137]6.3	PDCP Sublayer
In EN-DC, CA packet duplication (see [3]) can be applied to CA in the MN and in the SN, but MCG bearer CA packet duplication can be configured only in combination with E-UTRAN PDCP and MCG DRB CA duplication can be configured only if DC packet duplication is not configured for any split DRB.


Based on the above description, DC duplication with 3-leg as in Figure 1-right cannot be supported. And CA duplication with 3-leg on MCG as in Figure 1-left would require upgrading the LTE specification accordingly.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Observation 3: Duplication with 3-leg in EN-DC cannot be implemented for split bearers based on current regulation and would require upgrading the LTE specification for MCG bearer.
Proposal 1: De-prioritize studying more than 2 legs for duplication considering above observations.
Mobility and multi-connectivity scenarios
Studying the various vertical use cases in TR 22.804[4] yields the observation that, except for the secondary frequency control of the Electric power distribution use-case, most use cases can be categorized as:
· Private network most of the time, isolated from PLMN. Dedicated local RAN with possibly a dedicated local CN (for connecting to an Enterprise NW). Aka “type-b network”.
· Small area most of the time.
· Low-medium mobility (<20m/s = 72km/h, but within few meters (e.g. robot arms)).
· Highly synchronized NW nodes
[bookmark: _GoBack]As a result, large coverage area with multiple non-synchronized cells as traditional cell network is not the typical deployment for IIoT. Considering the use cases, we don’t see that mobility is a major issue in IIoT, and DC is not a typical deployment. Instead, single-cell multi-TRP with tight synchronization over small areas would be more effective.
Proposal 2: Studying optimization of “conventional handover” (across non-synchronized gNBs connected via non-ideal backhaul) should be de-prioritized compared to single cell multi-TRP support.
Proposal 3: DC duplication optimization should be de-prioritized over CA duplication and single CC cross-BWP duplication.
Connection and duplication resumption from Inactive State
In Rel-15, UE stores the RAN configuration when moving to inactive state and resumes RAN configuration immediately when entering connected. It means UE can resume CA configuration quickly. But the configured SCells are deactivated before activated by MAC layer and CA duplication cannot be used immediately after connection resumption.
Although not as critical as for CA duplication (considering proposal 3) a similar issue exists with DC duplication: for NE-DC, NGEN-DC, and NR-DC, UE releases its lower-layer SCG configuration when moving to INACTIVE, so DC duplication cannot be resumed when entering connected state from inactive state.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Observation 4: Rel-15 cannot support duplication resumption immediately when UE enters connected state from inactive state.
Certainly, enhancement in Rel-16 is possible.
Proposal 4: Fast PDCP duplication resumption should be studied upon entering connected state from inactive state.
Conclusion
This contribution discusses general aspects of the PDCP duplication support in IIoT and provides below proposals and observations.
· The necessity of more than two legs
Observation 1: The requirement of more than 3-leg is not essential.
Observation 2: 3-leg duplication would have major design impact and would require studying at least all applicable use cases (CA, DC, SRB/DRB, …), configuration aspects, activation/deactivation design, leg selection and switching, and resource efficiency.
Observation 3: Duplication with 3-leg in EN-DC cannot be implemented for split bearers based on current regulation and would require upgrading the LTE specification for MCG bearer.
Proposal 1: De-prioritize studying more than 2 legs for duplication considering above observations.
· Mobility and multi-connectivity scenarios
Proposal 2: Studying optimization of “conventional handover” (across non-synchronized gNBs connected via non-ideal backhaul) should be de-prioritized compared to single cell multi-TRP support.
Proposal 3: DC duplication optimization should be de-prioritized over CA duplication and single CC cross-BWP duplication.
· Connection and duplication resumption from Inactive State
Observation 4: Rel-15 cannot support duplication resumption immediately when UE enters connected state from inactive state.
Proposal 4: Fast PDCP duplication resumption should be studied upon entering connected state from inactive state.
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