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1.
Introduction

During the Study Item phase of IIoT [1], duplication enhancement was discussed and up to 4 copies were supported to achieve considerable reliability for IIoT traffic. When up to four legs are configured and activated, it is straightforward that cell restrictions shall be put on each leg. But it needs further study on how to deal with the cell restriction upon activation/deactivation of PDCP duplication. 

In this contribution, we will first review R15 and R16 discussion and conclusion, and then analyse the difference and the new cases in IIOT with up to 4 legs. Finally we try to find a unified solution for R15 and R16.
2. Discussion 
2.1 Discussion history of LCH-to-Cell restriction 

2.1.1 R15 discussion
In Rel-15, PDCP duplication is restricted to two legs. There were long discussions on whether to lift LCH-to-Cell restriction upon duplication deactivation in RAN2.

In RAN2 AH#1807 meeting, the following agreement was made:

	Agreements

1 LCH-to-cell restriction is not restricted to be only applicable to LCH(s) associated with a radio bearer configured for duplication.


In RAN2#103 meeting, the following agreements were made:

	Agreements

1
The LCH-to-cell restriction can apply on the LCH in the following cases: Non-duplicated bearer; NR leg of EN-DC split bearer; FFS if applicable to NR leg of EN-DC DC-duplicated bearer, for both duplication activated and deactivated state.

2
Restriction applies for CA duplication activated state and when CA duplication is not configured. Restriction does not apply for CA duplication deactivated state.


In RAN2#103bis meeting, the following agreements were made:

	Agreements:

1. LCH-to-Cell restriction can be configured for non-duplication purpose in DC duplication scenario.

2. When DC duplication is deactivated, the configured LCH-to-Cell restriction still applies.


According to the above agreements in Rel-15, the configured LCH-to-Cell restriction still applies after DC duplication is deactivated. But after CA duplication is deactivated, the restriction doesn’t apply in order to improve the throughput. Observation 1: Cell restriction has been thoroughly analysed in R15 and there is no major issue when the R15 conclusion is applied for R15 two-leg PDCP duplication.  
2.1.2 R16 discussion
During RAN2#107 meeting, this issue was discussed again in TEI16 UP session and the conclusion was to wait for IIOT discussion:

	· Chair: it seems there is support for a change, but many companies want to wait for conclusions of IIOT discussions. 

· Postponed


In the meantime, the same issue was discussed under IIOT agenda and the following agreements were made:
	· The network provides in RRC only one LCH cell restriction configuration per LCH, like in Rel-15. Changes to LCH cell restriction configuration is only possible via RRC.

· At PDCP duplication, application of the configured cell restrictions are not dynamically changed upon activation or deactivation of PDCP duplication beyond Rel-15. (FFS the case of CA duplication)


For new scenarios in R16, different solutions were discussed in RAN2#107bis meeting [2-3], yet without any conclusion. We prefer a unified solution covering both R15 and R16 cases. In the following sections, we look at the new scenarios in R16 and propose a simple solution based on the R15 agreements.  
2.2 New scenarios in R16 IIOT
In IIOT, PDCP duplication is enhanced and up to 4 legs can be configured. In TR 38.825, it is specified:

	· The benefit in supporting up to four (4) copies can give the NW freedom, in certain architectural deployment scenarios, e.g. using CA or DC, to configure towards achieving consistent reliability using several concurrent radio links that dynamically vary in reliability and latency.

· PDCP duplication enhancements are applicable to CA, DC (NR only) and DC+CA (NR Only)


2.2.1 CA duplication with up to four legs
For CA duplication with four legs, there are the following four scenarios regarding to the number of active legs: 
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Figure 1. CA duplication with up to four legs
Compared to R15, where only 1 or 2 legs can be active, R16 allows more scenarios where 1 to 4 legs can be active. For instance, when switching from Scenario 1 to Scenario 2, the conclusion of lifting the restrictions in R15 cannot be simply reused as there are still 3 legs active and restrictions for at least the three legs need to be kept for reliability purpose. But when switching from Scenario 1 to Scenario 4, the conclusion of lifting the restrictions in R15 can be reused.
2.2.2 CA+DC duplication

In R16, CA+DC duplication is allowed in addition to CA duplication and DC duplication. Regarding to the distribution of the four legs in SN and MN, CA+DC duplication can be divided into two different scenarios.
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Figure 2. Two scenarios of CA+DC duplication 
Neither the R15 conclusion for CA duplication deactivation nor the R15 conclusion for DC duplication deactivation can be directly applied to CA + DC duplication deactivation
Observation 2: R15 conclusions of Cell restriction is not suitable for new scenarios in R16, which require new solutions.
2.3 Unified solutions for R15 and R16
Case 1 ：CA duplication with 2 legs
In this case, R15 conclusion can be reused when duplication is deactivated
Case 2 ：DC duplication with 2 legs
In this case, R15 conclusion can be reused when duplication is deactivated.

Case 3 ：CA duplication with up to four legs
In this case, if only one leg is active after deactivation of CA duplication, the cell restrictions can be lifted. And if more than one legs are active after deactivation of CA duplication, the cell restrictions still apply for the active legs.
Case 4 ：CA+DC duplication
In this case, CA+DC duplication can just be regarded as two CA duplications on two cell groups. And the conclusion of CA duplication deactivation can be used within each cell group. Besides, the deactivation of the legs of one cell group should not affect the cell restrictions of the legs of the other cell group. 
For instance, in Scenario 1 of Figure 2, if RLC1 is deactivated, restrictions for RLC3 and RLC4 should still apply. This principle aligns with R15 conclusion for DC duplication deactivation. And if RLC1 is deactivated, restrictions for RLC2 can be lifted, which aligns with R15 conclusion for CA duplication deactivation principle. 

Proposal: Adopt the following principles for cell restriction when duplication is deactivated:
· For duplication with 2 legs, reuse R15 conclusions.

· For CA duplication with more than 2 legs, when only one leg is active, the restriction is lifted; otherwise, the restriction is applied.

· CA+DC duplication is seen as two CA duplications on two cell groups, and when only one leg is active in a cell group, the cell restriction is lifted. 

3. Conclusion
In this contribution, we present our views on the duplication enhancement to the support of IIoT new use cases and have the following observations and proposal.
Observation 1: Cell restriction has been thoroughly analysed in R15 and there is no major issue when the current conclusion is applied for R15 two-leg PDCP duplication.  
Observation 2: R15 conclusions of Cell restriction is not suitable for new scenarios in R16, which require new solutions.
Proposal: Adopt the following principles for cell restriction when duplication is deactivated:

· For duplication with 2 legs, reuse R15 conclusions.

· For CA duplication with more than 2 legs, when only one leg is active, the restriction is lifted; otherwise, the restriction is applied.

· CA+DC duplication is seen as two CA duplications on two cell groups, and when only one leg is active in a cell group, the cell restriction is lifted. 
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