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1. Introduction
As agreed in the SID of Industrial Internet of Things (IoT) [1], Data duplication and multi-connectivity enhancements will be further studied in this SI, details are as below. In this contribution, we focus on the bullet i) to discuss resource efficient PDCP duplication.
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2. Discussion
Mostly Industrial Internet of Things (IoT) service is Ultra-Reliable and Low Latency Communications (URLLC). It is sensitive on Reliability and Latency. To increases reliability and reduces latency, packet duplication with two independent transmission paths is especially beneficial.
For the duplication, the different level can be defined.

1. Service level duplication  i.e. the higher layer multi-connectivity[2]
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Two PDU sessions per UE (or two in one device) is setup for this service level duplication with the duplication indicator.  The duplication indicator may be carried in the packets. The two paths may completely independent from End to End or partly in one path and partly independent base on requirement and configuration
2. PDCP DC duplication
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In PDCP DC duplication case, it is use SN addition or modification to configure the duplication. Duplication PDCP PDU is sent to SN by MN when MN decide active the duplication.
3. PDCP CA duplication
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The gNB-CU set up two or more tunnels to gNB-DU for the CA duplication.  
For each duplication scenarios, the corresponding entity may active the duplication according some conditions. To avoid the unnecessary duplication transmission, the duplication can be configured according defined conditions. But it should be dynamic active and deactivate accordingly when the condition meets.
Proposal 1: duplication should be dynamic active and deactivate accordingly when the defined condition meets.
The different duplication may resolve different issues. The high layer multi-connectivity may be used to guarantee the service level packet Reliability and Latency in the backhaul and E2E transmission. PDCP DC duplication and CA duplication more consider RAN internal resource condition and the air interface quality. Two RAN nodes are included in DC case. The replication coverage can increase the Reliability and reduces latency in RAN part. One RAN node is included in the CA case, it focus on the air interface Reliability and Latency. These three kinds duplication may be mixed according the service requirement and configuration.
Observation 1:Higher layer multi-connectivity, DC duplication and CA duplication may be hybrid in the system
The coordination is needed for the different nodes and layers to active or deactivate the duplication. Some explicitly indicator may be needed to indicate whether the packets is duplicated in the path and whether duplication is needed in other layer to double guarantee the Reliability etc. Then the receiving node or layer can decide discard, duplicate or normal transfer it according the real time situation.
 Proposal 2: The duplication indictor may be  carried by the user plane packets for the receiving node or layer to make decision on active duplication

3. Conclusion 

This paper discussed Resource efficient PDCP duplication and provided relevant observations and proposals:
Proposal 1: duplication should be dynamic active and deactivate accordingly when the defined condition meets.
Observation 1:Higher layer multi-connectivity, DC duplication and CA duplication may be hybrid in the system
 Proposal 2: The duplication indictor may be  carried by the user plane packets for the receiving node or layer to make decision on active duplication
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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.
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