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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] 


In the last RAN2 meeting, the following agreements for RAN enhancements based on new QoS related parameters have been made [2]:
Agreements

1. RAN2 does not assume that physical HARQ-NACK messages are always available, i.e. RAN2 will not mandate explicit HARQ-NACK feedback

2. Given the application message size range under study, RAN2 will not optimize the ST design based on case of segmentation of message into multiple TBs. (This does not preclude the use of RLC segmentation; instead, it rules out optimizations for the case with RLC segmentation) 

3. Following entry into the Survival Time state, PDCP duplication for ST configuration is activated.  The gNB pre-configures which RLC entities can be activated for duplication when entering ST state.  FFS the number of supported RLC entities.  

4. RAN2 will at least continue working and discussing the HARQ NACK solution.  Details are FFS.  

And proposals bellow are left for further discussion:
VIII. RAN2 to discuss whether action(s) that a UE performs upon exiting the ST state are under network control, or include a normative aspect.

IX. RAN2 to discuss whether ST state exit should be gNB controlled or include a normative aspect (e.g. timer; counting successive successful transmissions).

X. RAN2 to discuss whether additional actions (other than duplication activation) should be supported for a UE in the ST state (e.g. relaxation of LCP restrictions; L1/L2 configuration adaptation), and whether any additional standardization effort is needed for this.

XI. RAN2 to choose between following methods for activating the PDCP duplication:

· retransmission grant

· CG activation grant

· autonomous activation on the part of UE
There is a current ongoing discussion to follow-up on the agreement in [3], we further provide our considerations below. 
2 Discussion 
During the previous discussions, it is concluded that we will study fast mechanisms for survival time handling and the need, and UE-based reactive solutions to address survival time is proposed to be studied on top of gNB implementation [4]. 
2.1 On Survival Time state triggering
Most of the companies agreed that CG resources will be used for service with Survival Time requirements, and to use CG retransmission scheduling (addressed by CS-RNTI) for Survival Time state triggering. However, it is not enough only relying on CG retransmission scheduling to trigger Survival Time state, especially for we are dealing with the low-latency periodic traffic. For example, the CG retransmission grant may be lost while being transmitted from the gNB to the UE, which may lead to the gNB and the UE may not have consistent understanding on the transmission statue and the UE may not enter Survival Time state in time. In such case, the UE may not perform reliability boosting operation quickly and it is possible the service shall enter down state for Survival Time expiration. Therefore, additional mechanisms, e.g. Tx-timer is necessary for Survival Time state triggering. 
Observation 1
CG retransmission scheduling shall be used to trigger Survival Time state. 
As is discussed in the email discussion, addition to the CG retransmission grant, the HARQ-NACK is also considered as Survival Time state triggering. And the CG retransmission scheduling can be considered as an implicit HARQ-NACK. However, the HARQ-NACK may be failed or delayed. For this case, we propose to use Tx-timer as supplementary to HARQ-NACK as Survival Time state triggering. If the Tx-timer expires and there is no HARQ-NACK received, then the UE shall enter into Survival Time state. 
Proposal 1
Tx-timer should be utilized to trigger Survival Time state in combination with CG retransmission scheduling/HARQ-NACK. 
For most scenarios, the service can only tolerate one packet loss. In this case, the value of the Tx-timer may set less than the periodicity or the transmission interval. The Tx-timer restarts every time the transmission occurs and stops when feedback (e.g. HARQ-NACK) is received. When the HARQ-NACK is received or the Tx-timer expires, the UE enters Survival Time state. For this case, the cost of the Tx-timer solution shall not be more than the HARQ-NACK solution, and the concern that the feedback shall lead to resource waste shall not be a problem. 
Observation 2
For the common case that the service can only tolerate one packet loss, the Tx-timer shall not lead to resource waste. 
For the scenarios the service can tolerate more than one packet losses, we may name that N (≥1) packet losses shall trigger the service to enter into Survival Time state, a counter may be needed to count the transmission failures. In this case, the HARQ-NACK, may be in the form of retransmission grants, still works well. When N HARQ-NACKs or retransmission grants are received, the UE shall enter into Survival Time state. Still the problem exists that when at least one HARQ-NACK is lost, the UE may not be able to enter Survival Time state in time. Therefore, other solutions, e.g. Tx-timer should be considered as supplementary to the HARQ-NACK solutions. 
Observation 3
For the scenarios the service can tolerate more than one packet losses, the triggering condition for entering Survival Time state should be configurable number N (≥1) consecutive HARQ-NACKs. 
Observation 4
For the case the triggering condition for entering Survival Time is configurable number N (≥1) consecutive HARQ-NACKs, the HARQ-NACK solution only is not enough. 
Proposal 2
Tx-timer combination with HARQ-NACK solutions may be used to trigger Survival Time state. 
2.2 UE behavior during Survival Time state 
During the last RAN2 meeting, it is agreed for the UE entering into Survival Time state to activate PDCP Duplication to improve the transmission reliability [2]. 
Agreements

3. Following entry into the Survival Time state, PDCP duplication for ST configuration is activated.  The gNB pre-configures which RLC entities can be activated for duplication when entering ST state.  FFS the number of supported RLC entities.  

To activate all legs configured for the DRB is simple. However, the channel quality is variable which will lead to different transmission reliabilities of the legs. The operation of activating all legs is not able to handle such cases. In addition, L1/L2 adaption for Survival Time support is mentioned in the previous discussions and many companies showed their interest. In this case, the Network indicates the PDCP Duplication state that the UE should apply upon entry of Survival Time state by RRC, e.g. a bitmap shall be the most generalized approach to fulfill all possibilities, including L1/L2 adaption. 
For example, the gNB could simply activate the RLC entities configured to be associated with the DRB, wherein these RLC entities have LCH with different parameters (e.g. priority) or different LCH mapping restrictions (e.g. CGs with different MCS/TBS). Therefore, L1/L2 adaptation is naturally achieved while duplication with additional legs is also supported with gNB configuration. 
Proposal 3
Network indicates by RRC, e.g. a bitmap, the PDCP duplication state that the UE should apply upon entry of Survival Time state, the UE changes the duplication state accordingly. 
Apparently, increasing the number of active RLC entities for PDCP Duplication is a method to achieve high transmission reliability during the Survival Time state. However, with the number of active legs stays the same, even decreased, we can improve the transmission reliability. 
For example, we can switch the set of active RLC entities to RLC entities with better transmission reliabilities. In this case, the RLC entities associated to the DRB are configured to perform measurement of the channel qualities. When the UE enters Survival Time state, the UE may activate the RLC entities with better measurement results autonomously or indicated by the gNB. In another way, we may switch to RLC entities with better radio qualities. For instance, switch the active legs from those associated with the FR2 to the ones associated with the FR1. 
Besides, L1/L2 adaption can also be used to improve the transmission reliability. For instance, to increase the priority of the transmissions, with lower MCS order or higher transmission power. Hence, to increase the number of active legs is not the only to achieve higher transmission reliabilities. With the number of active legs stays the same, even decreased, we can improve the transmission reliabilities by switching to the legs with better radio qualities or L1/L2 adaptive, especially for the case the PDCP Duplication has been activated before the UE entering Survival Time state. 
Proposal 4
In addition to increase the number of active RLC entities of for PDCP Duplication, switch the subset of RLC entities to the ones with better channel qualities or L1/L2 adaption also achieve higher transmission reliabilities. 
2.3 On Survival Time state exiting
After entering Survival Time state and perform reliability boosting operation, e.g. PDCP Duplication activation, and performs success transmission(s), the UE is to transit to the normal state from the Survival Time state. Several possible approaches have been identified:
1) Network indicates the UE to exit from the Survival Time state, e.g. through PDCP Duplication Activation/Deactivation MAC CE, the UE transits to normal state from the Survival Time state accordingly; 
2a) The UE autonomously exit Survival Time state immediately the successful transmission is performed; 
2b) The UE autonomously exit Survival Time state based on pre-configured criterion, e.g. detected a pre-configured number of consecutive successful transmissions. 
For option 1, the gNB needs to have the up-to-date information of the radio resource usage, overall network status and whether or how many of the transmissions are succeeded. Namely, the gNB need to perform measurement of the channel qualities, detect and count of the transmission failures. In another hand, the UE may perform measurement and transmission counting and report the related results to the gNB. For example, whether and how many times it has entered into ST state? Or whether there is successful transmission after PDCP duplication is autonomously activated. Then the gNB shall optimize the Survival Time related configuration, e.g. which RLC entities to be selected or when to exit the Survival Time state, it is up to gNB implementation. 
For option 2a, the UE can autonomously exit Survival Time state upon the transmission is succeeded. In this case, the reliability boosting resource configured can be timely released, and is resource efficient in some extent. For the deterioration of the radio environment leading to the UE enters Survival Time state may not have been recovered yet, and the packet loss may occur after the UE resuming to normal state from the Survival Time. The UE may enter into Survival Time state frequently. 
For option 2b, the UE autonomously exit Survival Time state based on pre-configured criterion. The UE shall perform measurement, detect and count transmission failures, then exit the Survival Time state based on the measurement results and the pre-configured criterion. 
Observation 5
Several possible Survival Time state exiting solutions are identified: 

1) Network indicates the UE to exit from the Survival Time state, e.g. through PDCP Duplication Activation/Deactivation MAC CE, the UE transits to normal state from the Survival Time state accordingly; 

2a) The UE autonomously exit Survival Time state immediately the successful transmission is performed; 

2b) The UE autonomously exit Survival Time state based on pre-configured criterion, e.g. detected a pre-configured number of consecutive successful transmissions.

Proposal 5
Network indicated Survival Time state exiting solution should be baseline with the UE autonomous solution as supplementary. 
2.4 Remaining issues
As is mentioned above, for most of the scenarios, the service can tolerate only one packet loss. In this case, every time transmission failure is detected, the UE shall enter Survival Time state and perform reliability boosting operation. The other scenarios, the services can tolerate more than one packet losses, to enter Survival Time state and boost the transmission reliability may every time packet loss is detected may lead to unnecessary resource waste. For such cases, we may deprioritize the reliability boosting operation. For example, we may not enter into Survival Time state and activate PDCP Duplication immediately after the first transmission failure occurs. Instead, the Survival Time state triggering shall be N (≥1) consecutive transmission failures. Or in another way, there may be an indication indicate whether the UE can tolerate more packet loss(es). In this case, the gNB shall not prioritize the UE with such indication configured indicating that the UE can tolerate more packet loss(es) in scheduling. 
Proposal 6
The UE which can tolerate more packet loss(es) may not be prioritized in scheduling for resource efficiency. 
There is a scenario that the PDCP Duplication has been activated before the UE entering into Survival Time state. When the UE is determined or indicated by the gNB to exit the Survival Time state to normal state, whether the UE resume to the state before the UE entering into the Survival Time state is, or the UE shall deactivate all the secondary RLC entities and left only the primary RLC entity in active state? 
In our view, as is mentioned in the Survival Time state exiting section. This can be determined by the gNB which has the up-to-data information of the radio environment and the overall network status. It’s up to gNB implementation and can be the baseline solution. In another way, the UE may perform measurement and make decision autonomously based on the measurement results and the pre-configured criterion. 
Proposal 7
UE will determine the state to enter autonomously or indicated by the gNB while exiting the Survival Time state. 
3 Conclusion
Observations and proposals from the above discussion are copied below. 
On Survival Time state triggering: 
Observation 1
CG retransmission scheduling shall be used to trigger Survival Time state. 

Proposal 1
Tx-timer should be utilized to trigger Survival Time state in combination with CG retransmission scheduling/HARQ-NACK. 

Observation 2
For the common case that the service can only tolerate one packet loss, the Tx-timer shall not lead to resource waste. 

Observation 3
For the scenarios the service can tolerate more than one packet losses, the triggering condition for entering Survival Time state should be configurable number N (≥1) consecutive HARQ-NACKs. 

Observation 4
For the case the triggering condition for entering Survival Time is configurable number N (≥1) consecutive HARQ-NACKs, the HARQ-NACK solution only is not enough. 

Proposal 2
Tx-timer combination with HARQ-NACK solutions may be used to trigger Survival Time state. 

UE behavior during Survival Time state: 
Proposal 3
Network indicates by RRC, e.g. a bitmap, the PDCP duplication state that the UE should apply upon entry of Survival Time state, the UE changes the duplication state accordingly. 

Proposal 4
In addition to increase the number of active RLC entities of for PDCP Duplication, switch the subset of RLC entities to the ones with better channel qualities or L1/L2 adaption also achieve higher transmission reliabilities. 

On Survival Time state exiting: 
Observation 5
Several possible Survival Time state exiting solutions are identified: 

1) Network indicates the UE to exit from the Survival Time state, e.g. through PDCP Duplication Activation/Deactivation MAC CE, the UE transits to normal state from the Survival Time state accordingly; 

2a) The UE autonomously exit Survival Time state immediately the successful transmission is performed; 

2b) The UE autonomously exit Survival Time state based on pre-configured criterion, e.g. detected a pre-configured number of consecutive successful transmissions.


Proposal 5
Network indicated Survival Time state exiting solution should be baseline with the UE autonomous solution as supplementary. 

Remaining issues: 
Proposal 6
The UE which can tolerate more packet loss(es) may not be prioritized in scheduling for resource efficiency.
Proposal 7
UE will determine the state to enter autonomously or indicated by the gNB while exiting the Survival Time state. 
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