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Introduction

The Study on NR Industrial Internet of Things as agreed in [1] comprises the following objective to be addressed: 

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. 

The duplication with more than 2 copies was discussed in RAN3#101bis, this document further discussion the activation and deactivation in case of more than 2 copies are configured. 
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Discussion

In Rel-15 NR, PDCP duplication with 2 legs has been introduced to enhance performance on latency and reliability for URLLC or other important data. The scope of NR IIOT SID includes the extension to more than 2 copies. Some contributions proposed to study how to support duplications with 3 legs. Duplication with 4 legs does not have a significant gain. [3]
If there are 3 legs configured, e.g. configure CA and DC at the same time, it is beneficial to transmit duplication data in all legs, but in many cases, the duplicate transmissions on average will be redundant. In order to balance the resource efficiency and reliable transmission, the aim of SI is that transmission takes places from at most two nodes. 
In Rel-15, duplication activation/deactivation in UL and DL use different methods. 
In DL, PDCP hosting node decides DL duplication activation or deactivation. If PDCP hosting node decides duplication deactivation, PDCP entity stop DL duplication function and not send duplicated data to the assisting node. For the duplicated data already sent to the assisting node, the hosting node can indicate “DL flush” or “DL discard blocks” to the assisting node to request the discard the duplicated data. [4]
To make decision, hosting node should get some assisting information from the assisting node. Currently the hosting node can request the assisting node to report the assisting information by including“Assistance Information Report Polling Flag”into the DL USER DATA (PDU Type 0). After receiving this flag, the assisting node can report ASSISTANCE INFORMATION DATA (PDU Type 2) frame to the hosting node. Basically the assistance information includes below information:
· PDCP activation suggestion
· Assistance type and corresponding Radio Quality Assistance Information
Assistance type can be {0=UNKNOWN, 1=Average CQI, 2=Average HARQ Failure, 3=Average HARQ Retransmissions, 4= DL Radio Quality Index, 5= UL Radio Quality Index, 6= Power Headroom Report, 7-228=reserved for future value extensions, 229-255=reserved for test purposes}.
According to the assisting information, the hosting node can make the DL duplication activation/deactivation. This mechanism can be re-used in case of Multi-leg duplication. E.g. if there are 3 legs, 3 legs can be configured as following:
1) One leg in the PDCP hosting node, two legs are in two different assisting nodes, hosting node setup a tunnel to each assisting node.
2) One leg is in PDCP hosting node. two legs are in a assisting node with CA. hosting node setup two tunnels to the assisting node

In both situations, the hosting node can receive the corresponding ASSISTANCE INFORMATION DATA through each tunnel. Then the hosting node can select 2 legs with the best radio quality, and send duplication data to the selected 2 legs. The assisting node(s) just forward data to the UE in sequence. If one leg is not selected, the leg will not receive the duplication data through the corresponding tunneling.
Observation 1:

In DL, Duplication Activation/Deactivation decision can be based on existing assistant information reported by the assisting node for “more than two legs” case. 

In UL, the PDCP hosting node indicates the initial status of UL PDCP duplication, i.e., whether UL PDCP Duplication is activated or not, to the assisting node when setup a bearer. Then in the following, UL duplication activation/deactivation is decided by the MAC layer in hosting node and assisting node. Both legs can indicate its decision to the UE by MAC CE. Currently the hosting node and the assisting node decide UL duplication without coordination, then two nodes may send two same MAC CE or send conflicting MAC CE to the UE. In Rel-15, it is up to UE implementation when conflicting commands are received.
In Rel-16, if there are 3 legs and only 2 legs are in transmission, we need to consider how to indicate UE UL duplication/deactivation. To meet the transmission reliability required for IIoT services, each leg participating in transmission should have enough good quality. e.g. the best two legs should be selected to achieve the BLER requirement without enhancement in the physical layer. Re-using MAC CE is a most straightforward way, but MAC CE currently can only indicate “Activation/Deactivation” flag to the UE, without more information. If all legs send “Activation” flag to the UE, the UE has to select two legs in a random way. It is possible that the sub-optimal legs are selected. And finally can not fulfil the QoS requirement of IIoT. In order to avoid this situation, the node who decides UL transmission leg should have also the radio quality information. Currently, the NG-RAN node have the radio quality information, one direction is let the UE knows the radio quality information, alternatively network based/assisted decision can be considered.
Observation 2:

In UL, re-using Duplication Activation/Deactivation MAC CE is not applicable for “more than two legs” case.
For the network based decision, the central entity, i.e. PDCP hosting node, is aware how many legs are configured and knows which two legs have the best quality. If the UL duplication Activation/Deactivation is decided by the PDCP hosting node, the confusion will not happen, but the decision will take longer time than current mechanism. And totally new solution will introduce non-backward compatible issue, so it is better to consider that central entity can provide some assistance information to help assisting node to make UL activation/deactivation decision, such as central entity configures a activation/deactivation threshold to the assisting node, only the radio quality is above this threshold, the assisting entity actives the UL duplication in this leg.
Proposal:

It is proposed to enhance the current UL duplication activation method, e.g. the hosting node provides UL duplication threshold to the assisting nodes.
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Conclusion:
This document discussed how to active/deactive the duplication transmission if more than 2 legs are configured. It is proposed the below proposal based on the observations:

Observation 1:

In DL, Duplication Activation/Deactivation decision can be based on existing assistant information reported by the assisting node for “more than two legs” case. 

Observation 2:

In UL, re-using Duplication Activation/Deactivation MAC CE is not applicable for “more than two legs” case.
Proposal:

It is proposed to enhance the current UL duplication activation method, e.g. the hosting node provides UL duplication threshold to the assisting nodes.
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