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Introduction
The topic of survival time has been discussed in RAN2 #112e and RAN2 #113e to identify possible RAN enhancements which may be required to support this new (optional) QoS parameter. There was no discussion on this topic in RAN2 #113bis-e, however, based on submitted contributions, a post-meeting email discussion was initiated [1]. The main discussion points for the email discussion were survival time state trigger, mechanisms to increase link reliability, and survival time management. In this contribution, we elaborate on our discussion regarding these topics.
Discussion
[bookmark: Proposal_Pattern_Length]There are a variety of use-cases in TS 22.104, with varying requirements for latency and reliability. We can divide use-cases 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 of 10ms – 50ms (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-AN-PDB) which is indicated for GBR QoS flows such as those for TSN applications [3]. With this information available to the gNB, it is feasible to implement different schemes/solutions in accordance with the performance requirements of a given use-case.
Proposal 1: RAN2 to support both UE-cased and gNB-based solutions, where either solution can be used for a given use-case in accordance with the performance requirements.
We propose here three schemes as a solution to meet the CSA requirement in accordance with the knowledge of survival time. Scheme 1 is proposed as a solution for stringent use-cases with a latency requirement (e.g. <= 500us), while Scheme 2 and Scheme 3 are proposed to cater for use cases with relaxed latency requirement. We also summarize the required enhancements and impacts for these schemes.
Scheme 1 (gNB based): CG Type-2 Reconfiguration for Stringent Use-Cases 
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 an uplink transmission, the gNB is aware in case of a transmission failure, and can send DCI to reconfigure CG type-2 with a more robust MCS level, hence enhancing reliability as opposed to the usual principle of setting MCS level according to the QoS requirements, e.g PER. Increasing reliability for subsequent burst(s) after a lost packet can avoid consecutive transmission failures. In this scheme, the UE is not required to track the survival time and gNB implementation is enough. 
The focus of this solution is not to improve retransmission reliability, rather it is to increase the reliability of the subsequent transmissions in case a transmission failure occurs to avoid communication service unavailability. In this way, for the stringent use-case, the drawbacks of serialized DCI commands and the requirement of 3 HARQ processes which arise when reliability is enhanced for both retransmission as well as subsequent transmission(s) can be avoided. [2]
Observation 1: For stringent use-cases, HARQ retransmission may not be beneficial due to the tight latency requirement. For such use-cases, if transmission failure occurs, it is imperative to increase the reliability for subsequent transmissions to avoid communication service unavailability.
Observation 2: For use-cases with stringent latency requirement, the gNB may reconfigure CG type-2 with a more robust MCS level to avoid consecutive transmission failures and meet the CSA performance requirement. 
Proposal 2: For use-cases with stringent latency requirement, gNB implementation is enough, and there is no need to specify additional UE behavior.
Scheme 2 (gNB based): L1/MAC reconfiguration for Relaxed Use-Cases 
For use-cases with relaxed latency constraints, such that the e2e latency and survival time > 500us, there is time provision allowing for both retransmission in case of a packet loss, and also to enhance reliability for subsequent bursts to avoid future failures. In this method, a PDCCH-based option is considered where a gNB can schedule a dynamic retransmission in the case of packet loss. The gNB can then either send DCI to reconfigure CG type-2 with a more robust MCS level to enhance reliability or the MAC CE can be used to activate PDCP duplication of DRB for subsequent transmissions to avoid message loss in the future. Since the latency constraint is relaxed for the considered use-cases for this scheme, the additional latency due to MAC CE reconfiguration can be tolerated.
Proposal 3: For use-cases with e2e latency > 500us, the gNB can schedule a dynamic retransmission followed by either a CG type-2 reconfiguration or MAC CE reconfiguration to activate PDCP duplication. This can be handled by gNB implementation.
Scheme 3 (UE-based): TX-Side Timer and PDCP Duplication for Relaxed Use-Cases 
In this scheme, the survival time state is monitored at the UE side for uplink transmissions using a TX-side timer. For use-cases with relaxed latency constraint, UE may rely on HARQ feedback. Note that 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 [23.501]. Referring to Figure 1 below, a HARQ retransmission can therefore only be useful if successful retransmission for Burst n completes within the duration of 5G-AN-PDB. 
Observation 3: 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.
It may be required to introduce some other feedback mechanism from the gNB indicating a negative acknowledgement in case a message failure occurs, e.g the UE may receive a CG-DFI that provides HARQ-ACK information for the transport block as in NR-U. In addition to CG-DFI, another option is that new physical layer signalling or MAC CE can be designed to indicate message reception status (e.g. HARQ ACK/NACK) at gNB. The timer for survival time can be started at a duration  after Burst Arrival Time (BAT). Here  equal the time when the UE receives a negative acknowledgement from the gNB and decides that no retransmission is necessary. The duration  is at most equal to 1 x 5G-AN-PDB. This duration  can be signalled in configuration for the DRB in RRC signalling. With duration , if UE received HARQ NACK before BAT+, UE performs HARQ retransmission; otherwise UE starts timer for survival time.  Another option is that 5G-AN-PDB is signaled in configuration for the DRB in RRC signalling so that UE can decide whether to perform HARQ retransmission or start timer for survival time.
Proposal 4: A failed transmission occurs if a message is not delivered within the time equal to Burst Arrival Time + PDB. The timer for survival time is started at Burst Arrival Time + PDB at the latest, and may be triggered earlier depending on feedback received from the gNB about failed transmission. 


Figure 1: Monitoring of Survival Time State

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, if the timer for survival time is started, it implies a transmission failure has occurred and to avoid communication service unavailability it will be necessary to avoid consecutive transmission failures. To this end, PDCP duplication, autonomously activated by UE, can be adopted to enhance L2 reliability in the event of a failed transmission. For 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.

Proposal 5: RAN2 to adopt UE autonomous PDCP duplication to enhance L2 reliability.

In the post-meeting email discussion [1], it has been mentioned that “if ST handling can be fully addressed by gNB implementation, no further work is expected in RAN2 for this topic”. However, we think that even if survival time handling can be addressed by legacy scheduling and reconfiguration, having UE-based solutions, such as Scheme 3 described above, offers flexibility and may reduce overall latency e.g UE based survival time monitoring and UE-autonomous PDCP duplication may have lower latency impact than when the gNB reconfigures type-2 CG followed by MAC CE to activate PDCP duplication.
Proposal 6: UE based survival time handling in addition to gNB implementation solution offers flexibility and may have lower latency impact in some cases.
In Table 1 below we summarize a comparison of the three schemes. 
Table 1: Comparison for Proposed Schemes
	Scheme
	Survival time monitoring
	gNB impleme-ntation enough?
	Packet recovery using retrains-mission
	Impact for reliability enhancement
	Impact for return to normal configuration
	Latency Impact
	Signalling Overhead

	1
	No
	Yes
	No
	DCI to enhance MCS level
	DCI to reconfigure MCS level
	Lowest
	DCI, L1 reconfiguration

	2 w/ L1 reconfiguration
	No
	Yes
	Yes
	DCI to enhance MCS level
	DCI to reconfigure MCS level
	Low
	DCI, L1 reconfiguration.

	2 w/ MAC reconfiguration
	No
	Yes
	Yes
	MAC CE activation
	MAC CE deactivation
	Low
	MAC reconfiguration

	3 w/ UE autonomous duplication
	Yes
	No
	Yes
	UE autonomous activation based on preconfigured condition
	UE autonomous deactivation based on preconfigured condition
	Lower
	Negative acknowledgement from gNB



Proposal 7: For stringent use-cases, gNB implementation is enough. For relaxed use-cases, both UE and gNB implementation can be supported whereby the network can decide which scheme is used, hence offering flexibility.
Return to Normal Configuration
To avoid consecutive transmission failures, it is assumed that upon such trigger of transmission failure, the subsequent transmission(s) are scheduled with enhanced reliability. Among the solutions for reliability enhancement as discussed in RAN2 113e, e.g PDCP duplication and/or more reliable L1/L2 configuration, the underlying assumption is that there is correlation between a past packet error and future packet transmissions, e.g. radio channel coherence. It is worth noting that issues in radio channels which may cause packet transmission failures may not be resolved within the duration of a single message transmission or survival time, therefore it may not be enough to consider successful transmission of a single packet as a condition for the UE to return to normal configuration. To ascertain the validity of the assumption of correlation between past transmission errors and future successful transmission and to identify the condition for the UE to fallback to normal configuration for future transmissions requires further analysis in RAN2 which may be based on statistical evaluation. 
Observation 4: Radio channels conditions which can cause packet transmission failures may not be resolved within the duration of a single message transmission or survival time, therefore it may not be enough to consider successful transmission of a single packet as a condition for the UE to return to normal configuration.
Considering the example of Scheme 3, if the timer for survival time is triggered for Burst n, then UE activates PDCP duplication for the transmission of Burst n+1. However if the survival time timer is not triggered for Burst n+1, assuming successful transmission, it doesn’t necessarily imply that the need for PDCP duplication or enhanced reliability is eliminated. Rather the channel response needs to be evaluated over a number of failed and successful transmissions to ascertain whether it is sufficient for the UE to return to normal configuration if the survival timer for Burst n expires, and such timer is not triggered for Burst n+1. 
Observation 5: Statistical evaluation over a number of failed and successful transmission can help ascertain the correlation between past transmission errors and future successful transmission. 
In the post-meeting email discussion [1], the two options considered are: 1) whether the return to normal state should be based on pre-configured criterion and triggered autonomously by UE or 2) should be left to network implementation. While both options may work, in our view, the triggering condition for return to normal state requires further discussion in RAN2.
Proposal 8: RAN2 to further discuss the triggering condition for return to normal state.
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 thatsurvival 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 9: End-to-end survival time handling for the case of UE-to-UE communication is not required. Split of latency budget per Uu interface for such scenarios can be handled by network implementation.
Conclusions
In this contribution we discuss the RAN enhancements (if any) required to support newly introduced QoS parameter of survival time and make the following observations and proposals.
Proposal 1: RAN2 to support both UE-cased and gNB-based solutions, where either solution can be used for a given use-case in accordance with the performance requirements.
Observation 1: For stringent use-cases, HARQ retransmission may not be beneficial due to the tight latency requirement. For such use-cases, if transmission failure occurs, it is imperative to increase the reliability for subsequent transmissions to avoid communication service unavailability.
Observation 2: For use-cases with stringent latency requirement, the gNB may reconfigure CG type-2 with a more robust MCS level to avoid consecutive transmission failures and meet the CSA performance requirement. 
Proposal 2: For use-cases with stringent latency requirement, gNB implementation is enough, and there is no need to specify additional UE behavior.
Proposal 3: For use-cases with e2e latency > 500us, the gNB can schedule a dynamic retransmission followed by either a CG type-2 reconfiguration or MAC CE reconfiguration to activate PDCP duplication. This can be handled by gNB implementation.
Observation 3: 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 4: A failed transmission occurs if a message is not delivered within the time equal to Burst Arrival Time + PDB. The timer for survival time is started at Burst Arrival Time + PDB at the latest, and may be triggered earlier depending on feedback received from the gNB about failed transmission. 
Proposal 5: RAN2 to adopt UE autonomous PDCP duplication to enhance L2 reliability.

Proposal 6: UE based survival time handling in addition to gNB implementation solution offers flexibility and may have lower latency impact in some cases.
Proposal 7: For stringent use-cases, gNB implementation is enough. For relaxed use-cases, both UE and gNB implementation can be supported whereby the network can decide which scheme is used, hence offering flexibility.
Observation 4: Radio channels conditions which can cause packet transmission failures may not be resolved within the duration of a single message transmission or survival time, therefore it may not be enough to consider successful transmission of a single packet as a condition for the UE to return to normal configuration.
Observation 5: Statistical evaluation over a number of failed and successful transmission can help ascertain the correlation between past transmission errors and future successful transmission. 
Proposal 8: RAN2 to further discuss the triggering condition for return to normal state.
Proposal 9: End-to-end survival time handling for the case of UE-to-UE communication is not required. Split of latency budget per Uu interface for such scenarios can be handled by network implementation.
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