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1 Introduction
During RAN2 #112-e, the following was agreed with respect to Survival Time in RAN:

Agreements 

=>
Time period during which “message loss” can be tolerated is adopted as the preferred format for Survival time.  FFS how this will be achieved and what message loss means in RAN2

Furthermore, during RAN2 #113-e, the following was agreed:
Agreements

-
Communication service availability (CSA) is not needed on top of survival time.  Send a reply LS to SA2 to notify such confirmation 

-
RAN2 confirms that specification enhancement for survival time support may only needed for uplink.  Downlink is addressed by implementation and no specification impacts.  

-
Support for survival time in UCE is up to network configuration. 

-
Continue discussing whether burst spread and burst ending time is beneficial from RAN2 perspective, but trigger the discussion after SA2 progress in February  

-
Communication service reliability (CSR) is not needed on top of survival time

-
Only periodic traffic is considered for survival time work in Rel-17

-
RAN2 assumes one application message is conveyed by one PDCP SDU, and may further consider the cases where one application message is conveyed by varying number of PDCP SDUs depending on the progress

In this contribution, we discuss RAN enhancements required to handle Survival Time.

2 Discussion
SA2 has studied Time Sensitive Communications (TSC) and has described 5G system features [2] supporting TSC and allowing the 5G system to be integrated transparently as a bridge in an IEEE 802.1 TSN network. 5GS supports periodic deterministic communication where the traffic characteristics are known a-priori and a schedule for transmission is provided via external protocols such as IEEE 802.1 TSN. The feature includes providing TSC assistance information (TSCAI) to describe the TSC flow traffic patterns at the gNB ingress and UE egress interfaces for DL and UL traffic, respectively.

TSCAI describes TSC traffic characteristics for use in the 5GS System. The gNB can use TSN traffic pattern information by allowing it to schedule periodic, deterministic traffic flows more efficiently via configured grants, SPS scheduling or with dynamic grants.
In addition to flow direction, periodicity and burst arrival time, for Rel-17 SA2 has agreed to include survival time in TSC assistance information. Survival time is defined as “the time that an application consuming a communication service may continue without an anticipated message”[2]. As such, the survival time indicates to the communication service the time available to recover from a failure.

The effect of using survival time means that even if a message is not successfully delivered, the communication system can still be considered available at least until survival time has elapsed. This means that QoS requirements can be handled more flexibly by gNB configuration or scheduling.

To ensure enhancements for survival time are future proof, it was agreed at RAN2 112-e that survival time would be defined in terms of a time period rather than a fixed number of consecutive message transmissions. For periodic traffic, either definition results in the same behaviour. On the other hand, for aperiodic traffic, using a fixed number of consecutive message transmissions would lead to making the experienced QoS a function of the traffic load.

Avoidance of survival time expiration

Survival time and QoS parameters considered for TSC in general are meant to be used to ensure the reliability of TSN is achieved via optimized scheduling. Support of enhanced QoS parameters requires the need for the gNB or the UE to dynamically adapt their transmission/scheduling behaviours. Keeping the transmission/scheduling behaviour semi-static means that the transmitter should always assume worst case scenario. However, to achieve such robustness requires inefficient use of resources. It is more beneficial to only use enhanced transmission/scheduling behaviours when necessary. This can be especially beneficial in scenarios where the performance or the communication is not as predictable, for example in unlicensed networks. Therefore, RAN2 should study means to enable dynamic adaptation in scheduling configurations - e.g. SDAP or MAC parameters - to support TSC enhanced QoS requirements.

Proposal 1: Support means to enable UE and gNB to dynamically adapt L2 scheduling parameters to meet new TSC QoS requirements
In DL, once a gNB determines that an expected message is not received it can schedule a subsequent message with higher reliability to meet survival time requirements. In UL, a UE may not receive feedback from the gNB in time to switch to higher reliability transmission modes. Moreover, always transmitting with high reliability resources to avoid survival time expiration would be wasteful. The UE could be configured with a transmission resource configuration (e.g. set of CG grants, PDCP duplication on/off, transmission parameters) on which to transmit when it is in a state where survival time expiration is not an issue (e.g. a default transmission resource configuration), and another transmission resource configuration on which to transmit when it is in a state where survival time expiration is imminent (e.g. a robust transmission resource configuration).
Proposal 2: A UE selects a transmission resource configuration as a function of whether survival time expiration is imminent or not.
Survival time timer
To determine whether survival time expiration is imminent, a timer should be defined first. The survival time timer could either be used to indicate when survival time has expired or when a transmitter should perform an action to ensure survival time does not expire.
Proposal 3: A UE uses a timer to enable transmission resource configuration adaptation.
Based on the agreement reached at RAN2 102-e, survival time is deemed as the period of time for which “message loss” is tolerated. In RAN a message loss can be determined from a NACK feedback, a dropped packet, or a discarded SDU. However, there are cases where the receiver will not know there was an intended message transmitted. Therefore, lack of feedback could also indicate message loss.

Proposal 4: RAN2 to discuss how to determine message loss when feedback is not available.
A transmitter can either assume all transmissions have succeeded, until proven otherwise, or that all transmissions have failed until proven otherwise. In the former, a transmitter would only start a survival time timer upon receiving feedback that the transmission failed. The transmitter would subsequently stop and reset a survival time timer when indicated that a transmission succeeded. This can lead to scenarios where a transmitter doesn’t assume message loss has occurred (e.g. when a message wasn’t received due to bad coverage) and doesn’t adapt its transmission resource configuration to achieve higher reliability in time. In such a case, the QoS may be affected. For the latter case, the transmitter would always have an ongoing decrementing survival time timer.. The transmitter would stop and restart a survival time timer whenever it receives feedback that a transmission was successful. This ensures that a transmitter interprets a lack of feedback as a possible failed transmission. The latter may lead to prematurely adapting the transmission resource configuration to achieve higher reliability.

Proposal 5: RAN2 to determine whether to 1) start the survival time timer when determining that a transmission failed and stop the timer when determining that a transmission has succeeded or 2) restart a timer when determining that a transmission succeeded.
As per Proposal 3, the expiration of the survival time timer should trigger adaptation of the transmission resource configuration. Therefore, the survival time timer should be less than the survival time itself. There should be enough time remaining per the survival time QoS after the survival time timer has expired such that a successful transmission can occur. Once a successful transmission has occurred while using the robust transmission resource configuration, the UE should return to the default transmission resource configuration to reduce the resource consumption. However, we should study rules to reduce the likelihood of bouncing between the default transmission resource configuration and the robust transmission resource configuration.
Proposal 6: A UE operating in a robust transmission resource configuration should return to the default transmission resource configuration after a successful transmission (FFS more than one).

In some cases, the UE may not achieve a successful transmission while using the robust transmission resource configuration before the survival time expires. In such a case, RAN2 should study the UE behaviour when survival time has expired.

Proposal 7: RAN2 to study UE actions when survival time expires.
3 Conclusion
In this contribution we discuss handling of survival time in RAN. We provide the following proposals:

Proposal 1: Support means to enable UE and gNB to dynamically adapt L2 scheduling parameters to meet new TSC QoS requirements
Proposal 2: A UE selects a transmission resource configuration as a function of whether survival time expiration is imminent or not.
Proposal 3: A UE uses a timer to enable transmission resource configuration adaptation.
Proposal 4: RAN2 to discuss how to determine message loss when feedback is not available.
Proposal 5: RAN2 to determine whether to 1) start the survival time timer when determining that a transmission failed and stop the timer when determining that a transmission has succeeded or 2) restart a timer when determining that a transmission succeeded.

Proposal 6: A UE operating in a robust transmission resource configuration should return to the default transmission resource configuration after a successful transmission (FFS more than one).

Proposal 7: RAN2 to study UE actions when survival time expires.
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