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Introduction

According to work plan for NRIIOT , from the object for PDCP duplication in WID:

------------------------------------------ Object for duplication in WID ----------------------------------------------------

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.

------------------------------------------ Object for duplication in WID ----------------------------------------------------

The PDCP duplication with multiple copies is taken into account for improving the performance of URLLC transmission. The target of contribution is to share our views on PDCP duplication with multiple copies.
Discussions
The reliability for IIOT has been discussed in the previous meeting, and the following description can be found in the LS agreed to SA2: 

RAN2 would like to indicate that reliability targets going beyond 99.9999% can be achieved by higher layer redundancy (e.g. with PDCP packet duplication it is possible to reduce it in case both links operate with the same reliability, i.e. 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). RAN1 does not have to analyze more stringent requirement or study solutions to address those. 

Based on the description above, it can be observed that duplication with 2 legs can already provide enough reliability in case the 10-4 reliability can be provided by PHY/MAC layer.

Observation 1: Duplication with 2 legs can already provide the enough reliability in case the 10-4 reliability can be provided by PHY/MAC layer.

However, the target of 10-4 reliability can only be ensured by PHR/MAC in case the air condition is qualified. We think it is not reasonable to assume that the air condition is always qualified. If the air condition becomes poor significantly, it will be difficult for PHR/MAC to ensure the 10-4 reliability. 

Observation 2: The 10-4 reliability can only be ensured by PHR/MAC in case the air condition is qualified. If the air condition is not stable enough, then the 10-4 reliability can not be ensured and extra optimization is still required.

In case the air condition is not stable,  to avoid risk of reliability issue, the following two enhancement can be considered:

Duplication transmission over multiple legs. In this solution, multiple copies can be transmitted over multiple legs (belonging to two cell groups, at most) simultaneously.

Duplication transmission over two legs with dynamic leg selection/switch. In this solution, multiple legs can be configured but only two copies can be transmitted over air interface simultaneously. 

Proposal 1: The following two enhancement should be studied to avoid the risk of reliability issue caused by unstable air interface.

Duplication transmission over multiple legs

Duplication transmission over two legs with dynamic leg selection/switch

For the DL duplication, both of the two enhancement require the support of mapping between one DRB and multiple RLC bearers. Besides that, no extra optimization is needed, and it is up to NW’s implementation to determine how many duplicate copies will be transmitted over air interface.
Proposal 2: For the DL transmission, one DRB can be mapped to multiple (i.e. more than two) RLC bearers, and it is up to NW’s implementation to determine how many duplicate copies will be transmitted over air interface.

For the UL duplication, since the power used for UL transmission is one of the key issue to ensure the reliability, and the transmission of multiple duplicate copies simultaneously may lead to a split of transmission power, which may cause negative impact on the reliability in some cases. To avoid the split of transmission power, we think the dynamic leg selection/switch should be considered to enable an efficient way to switch among the legs configured. One example is given as follow to show how the dynamic leg selection/switch works.
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Fig.1 The illustration for dynamic switch among multiple legs
Proposal 3:  For the UL transmission, to avoid the split of UL transmission power, the dynamic leg selection/switch should be supported (e.g. Duplication transmission over two legs with dynamic leg selection/switch).

In Rel-15, the UL path switch can only be made through RRC signaling, which is too slow to reflect the change of quality in air interface, especially for URLLC services. Therefore, we think some efficient UL path select mechanism should be considered in Rel-16. In achieve a more efficient UL path switch, the following two alternatives can be considered:

Alt 1: MAC CE based solution (similar as the Duplication Activation/Deactivation )
Alt 2: UE based solution (based on some pre-configured threshold or event)
To share the initial though on the pros and cons of each alternative, one table is given as follow:

Table 1: Comparison between MAC CE based solution and UE based solution

	Alternatives
	Pros
	Cons

	Alt 1: MAC CE based solution
	Controlled by NW, so the NW can take the load situation into account.

Less impact on specs
	Some coordination/interaction may be required between MN and SN, in case DC based duplication is used.

More latency may be required

	Alt 2: UE based solution
	Has less requirement on the coordination between MN and SN.

Can provide faster reaction

Has better understanding on the pathloss.
	More standardization work is required to specify the trigger condition/event and related signaling,


Based on the table above, we see both pros and cons for each solution. Since it is not quite clear how the UE based solution works, we propose to study both of the two alternatives and do the down selection once we have clear view on the impact of each solution.

Proposal 4: To provide a more efficient UL path selection/switch mechanism, the following two alternative can be further studied.

.Alt 1: MAC CE based solution (similar as the Duplication Activation/Deactivation )
Alt 2: UE based solution (based on some pre-configured threshold or event)
Conclusion 

Based on all the analysis above, we give our proposals as:

Observation 1: Duplication with 2 legs can already provide the enough reliability in case the 10-4 reliability can be provided by PHY/MAC layer.

Observation 2: The 10-4 reliability can only be ensured by PHR/MAC in case the air condition is qualified. If the air condition is not stable enough, then the 10-4 reliability can not be ensured and extra optimization is still required.

Proposal 1: The following two enhancement should be studied to avoid the risk of reliability issue caused by unstable air interface.

Duplication transmission over multiple legs

Duplication transmission over two legs with dynamic leg selection/switch

Proposal 2: For the DL transmission, one DRB can be mapped to multiple (i.e. more than two) RLC bearers, and it is up to NW’s implementation to determine how many duplicate copies will be transmitted over air interface.

Proposal 3:  For the UL transmission, to avoid the split of UL transmission power, the dynamic leg selection/switch should be supported (e.g. Duplication transmission over two legs with dynamic leg selection/switch).

Proposal 4: To provide a more efficient UL path selection/switch mechanism, the following two alternative can be further studied.

Alt 1: MAC CE based solution (similar as the Duplication Activation/Deactivation )

Alt 2: UE based solution (based on some pre-configured threshold or event)
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