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1 Introduction 
In the WID of enhanced IIoT and URLLC support for NR, the following objective about RAN enhancements on new QoS parameters is included [1]:

	1. RAN enhancements based on new QoS related parameters if any, e.g., survival time, burst spread, decided in SA2. [RAN2, RAN3] 


Following an email discussion during last meeting [2], the following agreements were reached
Agreements:

1
RAN2 takes the performance requirements of the top 3 rows of Table 5.2-1 from TS 22.104 (transfer interval = survival time = 0.5/1/2ms)

2
Survival Time triggered proactively based on Sequence Number is deprioritized

3
UE-based reactive solution based on RLC-NACK is not pursued

4
RAN2 will work/study UE-based reactive solutions to address survival time on top of gNB implementation.   RAN2 assumes that gNB implementation solutions on their own are not sufficient.  

Furthermore, during the RAN2 114e meeting [3], the following agreements were made
Agreements:

1
RAN2 takes the performance requirements of the top 3 rows of Table 5.2-1 from TS 22.104 (transfer interval = survival time = 0.5/1/2ms)

2
Survival Time triggered proactively based on Sequence Number is deprioritized

3
UE-based reactive solution based on RLC-NACK is not pursued

4
RAN2 will work/study UE-based reactive solutions to address survival time on top of gNB implementation.   RAN2 assumes that gNB implementation solutions on their own are not sufficient.  

There is a current ongoing email discussions to follow-up on the agreements in [4]. We further present our views below
2 UE Reactive Solutions
Following the agreement that “RAN2 will work/study UE-based reactive solutions to address survival time on top of gNB implementation. RAN2 assumes that gNB implementation solutions on their own are not sufficient.”. We discuss the UE-based reactive solutions that may be pursued, and we discuss some details regarding UE-reactive PDCP duplication.
2.1 UE-Reactive PDCP duplication

Following ongoing email discussions [4], there was a lot of support from companies to adopt PDCP duplication in survival mode to temporarily increase the link reliability. Thus, we propose that RAN2 specifies reactive PDCP duplication as the UE behaviour upon entering survival mode. 

Observation 1: UE-reactive PDCP duplication is widely supported among companies.

Proposal 1: RAN2 to adopt UE reactive PDCP duplication in survival mode.

We propose the operation of increasing link reliability be as follows in the UE

· The UE enters survival mode according to some standardized trigger.

· UE activates PDCP duplication upon entering survival mode.

· UE exits survival mode and deactivates PDCP duplication according to some FFS criteria.
· The NW to configure this process via RRC signalling

It may be the case that the flow is already configured with PDCP duplication. In this case, we propose the UE can reactively activate additional RLC channels in survival mode. This behaviour can also be configurable by the network to ensure that this approach has flexibility to increase the reliability as much as needed on survival mode.

Proposal 2: UE reactive duplication can extend up to four RLC entities depending on the network configuration for survival mode behaviour.
Proposal 3: UE behaviour in survival mode to be configured by RRC.
2.2 Dynamic L1/L2 (Re)Configuration
The second approach discussed is adaptive L1/L2 configuration by changing LCP, LCH, MCS, power boosting, etc. dynamically to increase reliability on the fly. We have two issues with the second solution.
A. Changing L1 parameters on the fly needs tight alignment between UE and gNB on the Tx parameters which is not a trivial task and can introduce further errors. 

B. Flows with ST constraints are already configured very conservatively in terms of MCS, LCP, etc. (expected to have the highest priority), and thus it is doubtful that there is any room to improve on that by “flexibly” changing any of those parameters.
Thus, it is not preferable to explore this solution now. RAN2 should prioritize working on reactive PDCP duplication and only discuss adaptive L1/L2 configuration if needed as a supplement.
Observation 2: Dynamic L1/L2 changing solution has unclear benefits and will be hard to robustly implement.
Note that reactive PDCP duplication does not suffer from issue A or issue B. Specifically for issue A, UE and gNB only need to activate the carrier simultaneously (which is done via configuration). Furthermore, any misalignment between UE and gNB in the duplication process can only affect the duplicate carrier without risking the operation of the primary carrier. 
Proposal 4: Solutions based on dynamic L1/L2 reconfiguration are not pursued. 
3 Triggers to Enter Survival Mode
Phase-1 of the online email discussion [4] focused on two solutions:
1. UE-based reactive solution based on HARQ-NACK triggering

2. UE-based reactive solution based on Tx-side timer

Focusing on the first solution of HARQ-NACK triggering. There are two main issues that need to be resolved to realize this solution:

1. Licensed band does not have HARQ-NACK feedback. Mandating explicit HARQ-NACK feedback for every PUSCH Tx would be a big change to the current spec with significant RAN1 impact.
2. The resources on the secondary carrier need to be made available within the next transmission and/or the survival time.
Following the ongoing email discussion, it seems that there is a general interpretation that the HARQ-NACK trigger is implicit, i.e., the UE does not receive a HARQ-NACK DFI on PDCCH, instead the UE infers the HARQ failure from other existing L1 signalling.
Observation 3: It is not assumed that HARQ-NACK feedback would be available for the UE to activate reactive PDCP duplication.
Observation 4: It is expected that the HARQ Tx failure would be inferred from the UE (possibly from related L1 signalling) in order to enter survival mode
 In the end, three methods are being considered to activate PDCP duplication at the UE:
· retransmission grant

· CG activation grant

· autonomous activation on the part of UE
It will be up to RAN2 to discuss these options and choose between them. Retransmission grant would be the most straightforward one to implicitly indicate a HARQ failure (or N HARQ failures). It is also worth thinking of what autonomous UE activation would mean and how it differs from the other explicit L1 signals. The CG activation grant (assuming this activates a CG on the secondary carrier) will be complicated for example, UE may not be monitoring the secondary carrier to save power (dormancy issues) and the interaction between an L1 signal on secondary carrier and duplication in primary carrier may be unnecessarily complex to capture in MAC. In any case, we propose that RAN2 further discusses that.

Proposal 5: RAN2 to further discuss the specific PDCP duplication activation methods at the UE. 
4 Survival Mode Exit
At some point, the UE would need to exit survival mode after temporarily increasing the link reliability. As a baseline, the network can deactivate the PDCP duplication that was initiated by the UE when it thinks that survival mode should be exited. There may be still some utility for the UE to assess the situation and exit survival mode autonomously. Thus, we propose that RAN2 further discuss and assess the different conditions to exit survival mode. 
Proposal 6: RAN2 to discuss the conditions and methods to exit survival mode on top of existing network-side deactivation.

5 Conclusion
Observations and proposals from the above discussion are copied below.
Observation 1: UE-reactive PDCP duplication is widely supported among companies.

Proposal 1: RAN2 to adopt UE reactive PDCP duplication in survival mode.

Proposal 2: UE reactive duplication can extend up to four RLC entities depending on the network configuration for survival mode behaviour.
Proposal 3: UE behaviour in survival mode to be configured by RRC.
Observation 2: Dynamic L1/L2 changing solution has unclear benefits and will be hard to robustly implement.

Proposal 4: Solutions based on dynamic L1/L2 reconfiguration are not pursued. 
Observation 3: It is not assumed that HARQ-NACK feedback would be available for the UE to activate reactive PDCP duplication.
Observation 4: It is expected that the HARQ Tx failure would be inferred from the UE (possibly from related L1 signalling) in order to enter survival mode
Proposal 5: RAN2 to further discuss the specific PDCP duplication activation methods at the UE. 
Proposal 6: RAN2 to discuss the conditions and methods to exit survival mode on top of existing network-side deactivation.
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