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Introduction
The topic of survival time handling was discussed in RAN2#114e where the main point under discussion was whether gNB implementation is sufficient and preferred as the only solution to handle survival time, or if UE-based solutions should also be explored. The following agreements were made in RAN2#114e [1].
Agreement:
1. RAN2 does not consider the Burst Spread parameter in RAN
2. The Burst End Time parameter in RAN is out of scope for Rel-17 IIoT WI.
3. No specific enhancements in support of Survival Time in UCE will be studied in R17, but we should aim for solutions for Survival time that also work in UCE 
4. When Survival Time information is provided in TSC AI, RAN action (gNB and/or UE) can utilize it to improve the associated link reliability so that the survival time requirement is met
5. Study fast mechanisms for survival time handling and the need
-------------------------------------------------------------------------------------------------------------------------
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.  
Two key agreements made in the last RAN2 meeting are as highlighted above, where use-cases with survival time of 0.5ms – 2ms shall be considered, and that UE-based reactive solutions for survival time handling will be explored. In this contribution, we propose a UE-based reactive solution and discuss how it can be applied to both stringent (survival time = 0.5ms) and non-stringent (survival time > 0.5 ms) use-cases.
Discussion
[bookmark: Proposal_Pattern_Length]We can divide the use-cases in TS 22.104 into (i) stringent use-cases, such as those of motion control (Table 5.2-1 in TS 22.104), with a survival time requirement of 500us, and (ii) relaxed use-cases with a survival time requirement > 500us (Table 5.2-1 in TS 22.104). It may be more reasonable to evaluate methods for monitoring of survival time and enhancing reliability to avoid consecutive transmission failures, in accordance with the demands of particular use-cases. Note that the gNB is cognizant of the transfer interval and survival time as included in the TSCAI, and also of the packet delay budget (PDB) as a 5G QoS parameter and separately of the Core Network PDB (5G-CN-PDB) which is indicated for GBR QoS flows such as those for TSN applications [2]. We propose here a UE-based solution to meet the CSA requirement in accordance with the knowledge of survival time. 
UE-based Survival Time Handling
In this scheme, the survival time state is maintained at the UE side for uplink transmissions. For use-cases with relaxed latency constraint, UE may rely on HARQ feedback. For stringent use-cases with e2e latency and survival time requirement (e.g. <= 500us), HARQ retransmission may not be beneficial due to the tight e2e latency which is <= transfer interval and is very small to accommodate retransmission.
For GBR QoS Flows using the Delay-critical resource type such as those for TSN traffic, a packet delayed more than PDB is counted as lost [3]. For an uplink transmission, the gNB is aware in case of a transmission failure. Either some feedback mechanism such as CG-DFI or physical layer signalling can be introduced, or the gNB can send a retransmission grant which is taken as an implicit negative acknowledgement by the UE. The gNB can signal a duration  based on the PDB duration to the UE in configuration for the DRB in RRC signalling to the UE. Upon receiving an implicit or explicit NACK from the gNB, the UE can decide based on the  value whether there is sufficient time to perform HARQ retransmission (e.g in relaxed use case where survival time >= 1ms), that is, if the time elapsed since the Burst Arrival Time (BAT) is less than , the UE performs retransmission, otherwise UE enters survival time state. Note that this duration  is based on the PDB value, where the UE may perform any N number of retransmissions before entering survival time state, based on the use-case requirements.A key point to note here is that such implementation is different from HARQ-NACK solution, with N > 1, discussed in [1]. In that solution a counter mechanism is required to keep track of N-1 received NACKs (implicit/explicit) and survival time state is then triggered upon receiving the Nth NACK. For such solution, it may be possible to miss or lose intermediate NACKs from the gNB, which could result in survival time state not being triggered when required. On the other hand, when tracking the duration , the UE can enter survival time state only upon receiving the Nth NACK which coincides with time duration where there isn’t time to complete HARQ retransmission within duration . This Tx-side timer solution thus has equivalent functionality as N-NACK solution, but at the same time it will be more robust towards loss of any of the N-1 NACKs.  It is only critical for the UE to receive the last NACK (where duration  has passed) from the gNB which shall trigger entering the survival time state.
A HARQ retransmission is also only useful if successful retransmission for Burst n completes within the duration of 5G-AN-PDB. The flow diagram in Figure 1 shows the details for this UE-based survival time handling.
Observation 1: For a failed transmission of Burst n, HARQ retransmission is only useful if successful retransmission for Burst n completes within the duration of 5G-AN-PDB.
Proposal 1: A transmission is considered failed/lost if a message is not delivered within the time equal to Burst Arrival Time + x, where duration x is configured by the gNB. 
The proposed solution for survival time handling does not require an ACK transmission for every packet. Rather, only in the case of failed transmission does the gNB provide implicit/explicit NACK which can help UE decide whether to enter survival time state or perform HARQ retransmission based on the configured  value. 
Proposal 2: For UE-based survival time handling, implicit/explicit NACK from gNB is needed. The UE enters survival time state upon receiving negative acknowledgement from the gNB if it is clear that retransmission is not useful due to stringent survival time requirement.
The UE is however required to track the elapsed time duration, such that it can enter survival time state after duration  has elapsed and upon receiving negative feedback from the gNB. Such timer can be configured in terms of fractions of CG periodicity value, since survival time itself is indicated for any use-case in terms of its relation to transfer interval (or equivalently the periodicity).
Proposal 3: Tx-side timer can be introduced at the UE-side where the timer value is configured as a fraction of the periodicity.


Figure 1: UE-based solution for survival time handling
Consecutive Transmission Failure Avoidance and Return to Normal Configuration
The survival time indicates to the communication service the time available to recover from failure. Based on the performance requirements by SA1 in Table 5.2-1 in TS 22.104 Communication Service Availability (CSA) is related to survival time and reliability (related to dynamic 5QI parameter of packet error rate (PER)). Therefore, once the UE enters survival time state, it implies a transmission failure has occurred and to avoid communication service unavailability it will be necessary to avoid consecutive transmission failures. For stringent use-cases, upon receiving NACK from the gNB or once a duration of  has elapsed, and the transmission is considered failed or lost respectively, the UE will most likely decide not to perform a HARQ retransmission. For stringent use-cases, upon entering survival time state at the UE, the focus will be to increase the reliability of the subsequent transmissions to avoid communication service unavailability and not to improve retransmission reliability. For non-stringent use-cases, the UE may choose to perform HARQ retransmission(s) until feasible and may not enter the survival time state after initial transmission failure. 
However, for both use-cases, if the UE enters survival time state, in order to avoid communication service unavailability, the reliability of subsequent transmission shall be improved. To this end, the UE can autonomous activate PDCP duplication for the next transmission to enhance L2 reliability. For such UE-autonomous reliability enhancement, the gNB may pre-configure a criterion, and a UE can activate/deactivate PDCP duplication if the trigger condition is satisfied. If UE-autonomous PDCP duplication is introduced in Release-17, delays incurred using network-controlled duplication, e.g transmission delay for CSI/measurement report may be avoided. Since PDCP duplication is activated autonomously by the UE, it can be activated only for the transmission of single Burst n+1, after which the UE shall return to normal configuration if Burst n+1 is transmitted. In case subsequent burst transmission failure(s) occurs, the UE can autonomously activate PDCP duplication as required, hence avoiding any extra resource usage.
Proposal 4: RAN2 to adopt UE autonomous PDCP duplication to enhance L2 reliability for the next transmission after a message loss/failure occurs.

Proposal 5: The UE returns to normal configuration after transmitting Burst n+1 with enhanced reliability, given that Burst n fails.

UE-to-UE Communication Use-case
Lastly, we also bring forward the UE-to-UE communication use-case for control-to-control applications in TS 22.104 Table 5.2-1, which includes two Uu interfaces. This may imply that for such use-cases, survival time shall be monitored and reliability improved for the end-to-end path. Generally, any enhancements to improve the reliability/latency for the end-to-end path in RAN level would be challenging because RAN is not aware of which two UEs are linked for UE-to-UE communication.
For the case when the two communicating UEs are served by different gNBs, some RAN3 impact is expected if there is some signalling among gNB(s) and UPF regarding message failure status etc. for end-to-end survival time handling. However, previous agreement in RAN2 # 113e, RAN2 confirms that specification enhancement for survival time support may only needed for uplink. Downlink is addressed by implementation and no specification impacts, indicates that survival time handling in downlink is up to gNB implementation. Therefore, it is reasonable to assume that such end-to-end handling of survival time is at the application layer with no RAN impacts. From RAN2 perspective, for the UE-to-UE communication scenarios, the latency budget can be split between the two Uu interfaces, and the survival time handling between UE1/gNB1 or UE2/gNB2 is only optimized for the single respective Uu interface. This budget split can be handled by 5GC.
Proposal 6: End-to-end survival time handling for the case of UE-to-UE communication is left to network implementation. Split of latency budget per Uu interface for such scenarios can be handled by network implementation.
Conclusions
In this contribution we discuss a UE-based solution for survival time handling and make the following observation and proposals.
Observation 1: For a failed transmission of Burst n, HARQ retransmission is only useful if successful retransmission for Burst n completes within the duration of 5G-AN-PDB.
Proposal 1: A transmission is considered failed/lost if a message is not delivered within the time equal to Burst Arrival Time + x, where duration x is configured by the gNB. 
Proposal 2: For UE-based survival time handling, implicit/explicit NACK from gNB is needed. The UE enters survival time state upon receiving negative acknowledgement from the gNB if it is clear that retransmission is not useful due to stringent survival time requirement.
Proposal 3: Tx-side timer can be introduced at the UE-side where the timer value is configured as a fraction of the periodicity.
Proposal 4: RAN2 to adopt UE autonomous PDCP duplication to enhance L2 reliability for the next transmission after a message loss/failure occurs.

Proposal 5: The UE returns to normal configuration after transmitting Burst n+1 with enhanced reliability, given that Burst n fails.

Proposal 6: End-to-end survival time handling for the case of UE-to-UE communication is left to network implementation. Split of latency budget per Uu interface for such scenarios can be handled by network implementation.
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