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1
Introduction
Considering the stringent communication service availability requirement of 99.999999% in IIoT [1], the PDCP duplication with more than 2 copies is included in IIoT SID[2]. 
	1) L2/L3 enhancements:

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.


In this contribution, PDCP duplication with more than 2 copies is discussed. In this paper, one channel means one RLC channel and they are used interchangeably. 
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Assessment of gains
In Rel-15, two PDCP PDU copies could be transmitted via two RLC channels based on CA or DC duplication architecture. Meanwhile a new MCS table is introduced in URLLC to realize the BLER of 10-5 for each transmission. As a result, duplication with two copies could reach the BLER of up to 10-10, which would be more stringent than the requirement for IIoT. However, the SINR required for BLER 99.999% is very high [3]. For example, compared to SINR required for BLER of 10-1, extra 6 dB is needed for the BLER of 10-5. Moreover, in order to reach BLER of 10-10 with duplication of two RLC channels, both the two channels need to be in very good link condition at the same time, which is not easy to obtain especially at the edge of a cell. If SINR of one channel becomes worse, the  BLER from PDCP point of view may not be able to meet the requirement.
The highest availability requirement specified in TS 22.804 for IIoT services is 99,999999%. Without taking into account other factors that may affect the availability performance, it requires transmission reliability with a BLER of 10-8.  Using PDCP duplication with two channels, it requires each channel to be with a BLER of 10-4 on average, that is still a strict requirement, given that IIoT services also require ultra low latency for which the number of HARQ retransmissions should be limited.
Observation 1: To meet the availability requirement of 99,999999% required for IIoT services,  by using PDCP duplication with two channels, each RLC channel needs to guarantee at least a BLER of 10-4 on average, which is a stringent requirement in most cases.
If more than 2 RLC channels are configured, UE and gNB could select RLC channels corresponding to the cells or cell groups with highest SINR to transmit the duplicated PDCP PDUs. This selection could be based on the CSI or other feedback, such that the BLER of 99.999999% could be achieved without any enhancement on the physical layer. On the other hand, the network can activate all the configured channels if all the channels are not in the good condition.
Observation 2: With more than 2 RLC channels configured for PDCP duplication, the network can select some of the best RLC channels of them or activate all channels for duplication to achieve the BLER of 10-8 without enhancement on the physical layer.
2
Impacts of duplication with more than 2 RLC channels
On the other hand, the PDCP duplication could lead to low resource efficiency, so duplicated transmission on more than two channels simultaneously should be avoided as much as possible [4] [5]. One solution could be that more than two RLC channels can be configured but only the best RLC channels are selected to transmit PDCP PDU copies. To achieve this, some modifications to the current RRC message and the MAC CE for duplication activation/deactivation is needed.
Proposal 1. With the configuration of more than 2 RLC channels for a PDCP entity, the network should be allowed to flexibly select a subset of those RLC channels to use for duplication. 
Proposal 2: MAC CE for duplication activation/deactivation can be enhanced to support activating a subset of the configured RLC channels.
In order to support more than two channels, there are 3 alternatives as illuminated in figure 1.
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Figure 1: 3 alternatives of multiple channels
For alternative 2, some modifications are needed in RAN3 and SA2 and it has already been excluded from this study. Both Alternative 1 and Alternative 3 can be supported but the channel condition of cells in one gNB may be similar and the performance gain from duplication may be limited.  
RAN2 should study the maximum number of channels this study item should focus on. The more channels configured to a PDCP entity, the more choices would be given to the network for selection of the best channels. Given that more than two nodes for duplication is excluded from this study item and cells in a gNB may be with similar radio link condition, 4 channels in each node should be able to provide sufficient flexibility for the network to choose the best carriers for CA duplication. If DC is configured, totally 8 channels can be configured.

Proposal 3: As a starting point, RAN2 can assume at most 8 RLC channels can be configured for a PDCP entity for DC+CA duplication. 
Proposal 4: RAN2 further discuss whether at most 4 or 8 RLC channels can be configured for a PDCP entity for CA duplication.

3
Conclusions
In this contribution, we make the following observations and proposal:
Observation 1: To meet the availability requirement of 99,999999% required for IIoT services,  by using PDCP duplication with two channels, each RLC channel needs to guarantee at least a BLER of 10-4 on average, which is a stringent requirement in most cases.
Observation 2: With more than 2 RLC channels configured for PDCP duplication, the network can select some of the best RLC channels of them or activate all channels for duplication to achieve the BLER of 10-8 without enhancement on the physical layer.
Proposal 1. With the configuration of more than 2 RLC channels for a PDCP entity, the network should be allowed to flexibly select a subset of those RLC channels to use for duplication. 

Proposal 2: MAC CE for duplication activation/deactivation can be enhanced to support activating a subset of the configured RLC channels.
Proposal 3: As a starting point, RAN2 can assume at most 8 RLC channels can be configured for a PDCP entity for DC+CA duplication. 
Proposal 4: RAN2 further discuss whether at most 4 or 8 RLC channels can be configured for a PDCP entity for CA duplication.
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It is proposed to apply the following changes to TR 38.825.

* * * Start of Changes * * * 

4.2
Enhancements to PDCP duplication

4.2.1
Protocol aspects

Editor’s note: RAN2 responsibility

To meet the availability requirement of 99,999999% required for IIoT services,  by using PDCP duplication with two channels, each RLC channel needs to guarantee at least a BLER of 10-4 on average, which is a stringent requirement in most cases. By contrast, with more than 2 RLC channels configured for PDCP duplication, the network can select some of the best RLC channels of them or activate all channels for duplication to achieve the BLER of 10-8 without enhancement on the physical layer.
Duplication based on DC and CA combination can be used to guarantee the availability requirement for IIOT. At most 8 RLC channels can be configured for a PDCP entity in case of duplication based on DC+CA. In case of CA duplication only, [4] RLC channels can be configured for a PDCP entity. The network should be allowed to flexibly select a subset of those RLC channels to use for duplication. A new MAC CE for duplication activation/deactivation can be considered to support activating a subset of the configured RLC channels.
4.2.2
Radio access network aspects

Editor’s note: RAN3 responsibility

4.3
Higher layer multi-connectivity

4.3.1
Layer 2/3 protocol aspects

Editor’s note: RAN2 responsibility

4.3.2
Radio access network aspects

Editor’s note: RAN3 responsibility
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