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1 Introduction
During RAN2 #116-e, the following was agreed with respect to Survival Time in RAN:

Agreements:

1. A RRC parameter is configured for a DRB with Survival Time support

2. MAC entity shall handle the determination of triggering survival state based on HARQ-NACK 

3. For the DRB configured with Survival Time support, the network can control the duplication state for the DRB via legacy activation/deactivation MAC CE. No specification change is foreseen.

4. For the issue that there may be packets already sent to RLC before the pre-configured PDCP duplication configuration is activated, following entry into the Survival Time state, it is up to gNB/UE implementation to handle and no need to specify extra behaviour

5. RAN2 not to consider the interaction between Survival Time solution and handover procedure in Rel-17

6. No specification enhancement will be pursued for CG activation command as Survival Time state trigger

7. The baseline mechanism for Survival Time support is “CG resources will be used for service with Survival Time requirements, such that the mapping relation between the service and the retransmission grant is commonly known to both gNB and UE, and CG retransmission scheduling (addressed by CS-RNTI) can be used for Survival Time state triggering”.  

a) FFS how UE identifies the corresponding DRB that should enter Survival Time state and other details (i.e. resource allocation)

b) FFS on unlicensed band
8. Deprioritize autonomous activation of PDCP duplication based on inputs other than retransmission grant

In this contribution, we discuss RAN enhancements required to robustly handle Survival Time.
2 Discussion
2.1 Survival Time Adaptation
Always transmitting with high reliability resources to avoid survival time expiration would be wasteful. Instead, adaptation of transmission resource configuration (e.g. set of CG grants, PDCP duplication on/off, duplication parameters, transmission parameters) based on whether the survival time is about to expire, ensures high reliability without over-provisioning of transmission resources.
To achieve adaptation, a UE should be configured with a regular or default transmission resource, for cases when ST expiration is not imminent (i.e. outside of ST state). The UE should also be configured with a robust transmission resource, to be used when ST expiration is imminent (i.e. in ST state).
Proposal 1: UE is configured with two transmission configurations (robust and default) to enable dynamic adaptation of L2 scheduling parameters and PDCP duplication, as a function of whether survival time expiration is imminent.
It is FFS from RAN2#116e how the UE identifies the corresponding DRB that should enter Survival Time state and other details (i.e. resource allocation. A UE can use the default transmission configuration until triggered to use the robust transmission configuration. The UE can determine to use the robust transmission as a function of a retransmission grant for a specific MAC PDU for which there is data that is configured with ST operation.

Proposal 2: UE determines whether the TB  activates ST state based on the LCH indices multiplexed  in the MAC PDU that the retransmission grant is related to.
It has been agreed that the robust transmission configuration can be achieved by use of PDCP duplication. It remains to be agreed as to how many RLC legs should be activated upon entering survival state. The simplest solution would be to activate all legs. However, for UEs that are power limited, such as those at cell edge, this may actually be detrimental. Therefore, the number of legs to be activated should be configurable and indicated by the gNB. This method can be used to cover the case where all RLC legs are activated.
Proposal 3: UE is configured with the set of RLC entities to be used in ST state.
Return to normal transmission resource configuration
The benefits of adaptation are that a UE need not use the more robust (and more resource consuming) transmission resource configuration all the time. A UE should only use the robust transmission resource configuration when required, e.g. when survival time expiration is imminent. Once survival time expiration is no longer imminent, the goal should be to return the UE to the normal configuration as soon as possible to limit resource waste. Two approached to exit ST state have been discussed: via indication from the gNB, via UE autonomous behaviour. UE autonomous behaviour would limit signaling and resource waste. On the other hand, it is more critical to ensure the UE enters ST state at the appropriate time rather than exit it. When considering the limited time left in the WI, we propose to at least support gNB indication of UE ST exiting.
Proposal 4: UE exits ST state and returns to the normal transmission resource configuration when it receives  gNB signalling turning off PDCP duplication.
2.2 Reactive Adaptation

It was agreed at RAN2 #114-e that RAN2 would focus on UE-based reactive approaches that are not based on RLC-NACK. UE-based reactive methods are especially beneficial for UL transmissions, where gNB reconfiguration may not be nimble enough to avoid Survival Time expiration.

Discussions have mainly focused on the HARQ-NACK based solution. In such a case, when a UE receives N (where N>=1) HARQ-NACKs, the UE enters ST state. In licensed spectrum, there is no explicit HARQ-ACK feedback for UL transmissions. Therefore, it is generally accepted that use of ReTx grants (via NDI toggling) can provide implied HARQ-NACK feedback, not requiring new signaling.
There are cases where the HARQ-NACK based approach is not satisfactory. For example, there are cases where the gNB will not know there was an intended message transmitted, or where the gNB cannot transmit feedback in time (if survival time is short) or due to failed channel access (e.g. in UCE). Furthermore a UE may misdetect a ReTx grant DCI and could fail to enter ST state on time. Therefore, feedback should not be required to determine a message loss occurred.
Moreover, entering ST state need not be associated with a retransmission. In some cases, retransmissions may not have any value, for example if the maximum delay is exceeded. In such a case, not only does the ReTx grant lead to unnecessary overhead, so does the subsequent superfluous retransmission. Survival time status (i.e. whether a UE is in or out of ST state) is associated to an application and should not depend on the successful transmission of a specific TB. If a first TB is unsuccessfully transmitted, the UE may enter ST state for the initial transmission of a second TB.

Therefore, for cases where PDCCH misdetection can occur (or where LBT failure can lead to skipped or delayed PDCCH transmission), aperiodic traffic and cases where retransmission is not beneficial, the ReTx grant HARQ-NACK based approach does not suffice.

Observation 1: Failure to timely receive a ReTx grant can lead to undue delay in entering ST state.
Observation 2: The ReTx grant HARQ-NACK approach can require unnecessary signaling when retransmissions are not required and can lead to errors delaying entry to ST state.
Tx-side timer
As discussed above, relying solely on the HARQ-NACK method can lead to cases where ST state is not entered when required. Therefore, in addition to HARQ-NACK, a timer can be used to further reduce the survival time expiration likelihood. The Tx-side timer can work with HARQ to determine when to enter ST state.
There are two approaches to a Tx-side timer. In the first approach, when the timer expires, the UE exits the ST state and assumes transmissions have been successful. This is beneficial to reduce resource usage associated with ST state, but does not address delayed ST state entry.
The second approach to a Tx-side timer is that upon expiration of the timer, the UE enters the ST state. In such an approach, the UE restarts the timer whenever it receives confirmation that a transmission is successful. This can be via a new grant, HARQ-ACK or via CG-DFI.

The second approach can work alone or in conjunction with the HARQ-NACK method, such that the UE enters ST state when it receives HARQ-NACK or when the Tx-side timer expires. Adding the Tx-side timer on top of HARQ-NACK removes the error cases where the UE does not receive or detect HARQ-NACK. In some cases, a UE may miss an indication that a transmission was successful, in such a case the Tx-side timer could expire, and the UE could prematurely enter ST state. However, it is better that errors lead to premature entry into ST state rather than delayed entry into ST state, as HARQ-NACK based errors may lead to.
Observation 3: Erroneously entering ST state prematurely is preferable to erroneously delaying entry to ST state.
Proposal 5: UE is configured with a Tx-side timer to determine when to enter ST state and adapt to a robust transmission resource configuration.

Proposal 6: UE (re)starts a Tx-side timer if it determines that a transmission has succeeded.
Proposal 7: UE enters ST state and uses the robust transmission resource configuration when the Tx-side timer expires.
3 Conclusion
In this contribution we discuss handling of survival time in RAN. We provide the following observations and proposals:

Proposal 1: UE is configured with two transmission configurations (robust and default) to enable dynamic adaptation of L2 scheduling parameters and PDCP duplication, as a function of whether survival time expiration is imminent.
Proposal 2: UE determines whether the TB  activates ST state based on the LCH indices multiplexed  in the MAC PDU that the retransmission grant is related to.
Proposal 3: UE is configured with the set of RLC entities to be used in ST state.
Proposal 4: UE exits ST state and returns to the normal transmission resource configuration when it receives  gNB signalling turning off PDCP duplication.
Observation 1: Failure to receive a ReTx grant can lead to undue delay in entering ST state.
Observation 2: The ReTx grant HARQ-NACK approach can require unnecessary signaling when retransmissions are not required and can lead to errors delaying entry to ST state.
Observation 3: Erroneously entering ST state prematurely is preferable to erroneously delaying entry to ST state.
Proposal 5: UE is configured with a Tx-side timer to determine when to enter ST state and adapt to a robust transmission resource configuration.

Proposal 6: UE (re)starts a Tx-side timer if it determines that a transmission has succeeded.
Proposal 7: UE enters ST state and uses the robust transmission resource configuration when the Tx-side timer expires.
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