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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The study item “Study on NR Industrial Internet of Things (IIoT)” was completed at RAN2#105 meeting and a new WID [1] was agreed in RAN#83. One of the WID objectives captured for PDCP duplication enhancements is as follows:
	Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].


In [2] we list some possible criterions to further study for the UE configurable criteria for UE-autonomous PDCP duplication activation/deactivation. One of them is that UE could activate duplication upon receiving HARQ-NACK from PDCCH.
Beside, in [3], we showed that the newly introduced QoS requirement, survival time, in TS 22.104 [5] calls for RAN-based mechanisms for increasing the link reliability when entering survival time. The contribution was discussed in RAN2#105bis and resulted in the following conclusions:
	RAN2 think that knowledge of survival time is beneficial to gNB. FFS whether there would be any impact to AS specifications to make use of this, and such discussions would have lower priority, as it is not explicitly a WI objective. There are also concerns that QoS framework may be impacted due to survival time being provided explicitly.


From the above, it is clear that survival time knowledge would be beneficial to RAN but RAN2 is not sure of the RAN impacts and prefers waiting for further guidance/requirement from SA2. In this contribution, we precisely address how RAN could address survival time, showing how the above UE-autonomous PDCP duplication activation criterion can efficiently address the need for an improved link reliability during survival time.
Discussion
1.1. Background
As discussed in [3], for the most stringent IIoT usecases in TS22.104 [5], the survival time (beyond which the system is declared unavailable) is equal to the cycle time, which means that it spans only one additional message transmission. 5GS must then quickly react so that the next transmission(s) go(es) through within the end-to-end latency budget in order to go back to “normal operation” and stay away from unavailable time. Such reaction obviously consists in increasing the reliability of the wireless link for the concerned traffic flow(s), as shown in Figure 1:


[bookmark: _Ref4686162]Figure 1: Addressing survival time by increasing the reliability of following message 
As shown in Figure 1, 5GS can only react during a reaction time = cycle time – end-to-end latency.
We also showed in [3] that, given the toughest end-to-end latency and survival time requirements (0.5-2ms), a CN-based only solution is not suitable and must be complemented with a RAN-based solution.
1.2. RAN-based solution
In order to describe a possible RAN-based solution, we take the following example:
· Transfer interval = 1 ms
· end-to-end latency = 0.5 ms (=> reaction time = 0.5 ms)
· Survival time = 1 ms
The question is then: in UL, how to quickly activate duplication for the 2nd message upon detecting a message failure?
It is expected that SPS and Configured Grants (CG) will play a key role in serving the various co-existing traffic types expected in TSN networks [4]. As a result, we assume such TSN stream requiring survival time support is mapped onto an UL DRB which is configured with duplication across 2 legs, where the duplication is inactive by default. The associated LCHs are also mapped onto configured grants (e.g. via LCP restriction parameter) which timing is well aligned with the data arrival time and well dimensioned to carry the whole TSN message (in general quite small < 100bytes), so that RLC does not need to segment it, even assuming current specification. We then consider two options:
· Option 1: gNB activates duplication using MAC CE activation when detecting and triggering survival time: as shown in Figure 2, this involves both PDCCH and PDSCH decoding latency which, with Rel-15 processing latencies, cannot meet the reaction time deadline. 
· Option 2: gNB activates duplication using PDCCH activation. As also shown in Figure 2, this allows meeting the reaction time deadline, but requires a new design in RAN1 as well as increases the PDCCH load, which is to be avoided.
· Option 3: implicit activation upon receiving DCI for re-Tx: as shown in Figure 3, this allows meeting the reaction time deadline, without involving any specific signaling from gNB.


[bookmark: _Ref979486]Figure 2: Addressing survival time by MAC CE or PDCCH duplication activation 


[bookmark: _Ref979785]Figure 3: Addressing survival time by implicit activation upon receiving DCI for re-Tx
Proposal 1: For some specific DRBs, UE implicitly activates duplication upon receiving non-toggled NDI for an UL HARQ process carrying that DRB.
Regarding the provisioning of the duplicated resource, the UL grant for the duplicated LCH can be explicitly provided simultaneously by gNB in a PDCCH in the CC used for duplication or some “twin” CG allocations are already configured in the CC used for duplication. 
Proposal 2: The UL grant for the duplicated LCH can be explicitly provided simultaneously by gNB in a PDCCH in the CC used for duplication or some “twin” CG allocations are already configured in the CC used for duplication
Conclusion
In this contribution we discussed further details on how to address survival time in RAN, leveraging PDCP duplication feature. The resulting proposals are as follows:
Proposal 1: For some specific DRBs, UE implicitly activates duplication upon receiving non-toggled NDI for an UL HARQ process carrying that DRB.
Proposal 2: The UL grant for the duplicated LCH can be explicitly provided simultaneously by gNB in a PDCCH in the CC used for duplication or some “twin” CG allocations are already configured in the CC used for duplication
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