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Introduction
In RAN2 #115-e meeting, following was agreed:
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.  

Email discussion “[Post115-e][513][IIoT] QoS survival time” [1] was initiated to discuss details on solutions to support survival time.
In this contribution, we discuss survival time handling.
Discussion
[bookmark: _Hlk61435005]Triggering to enter survival time
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. 
In this scheme, the survival time state is maintained at the UE side for uplink transmissions. 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. 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 a retransmission grant 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. 
The proposed solution is different from N HARQ NACK solution, where a counter mechanism is required to keep track of N-1 received NACKs 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. It should be noted that in case of TDD, DL and UL are in the same frequency and could have similar channel condition, therefore NACK might be lost if the decoding for UL transmission fails.
When combining HARQ NACK and Tx-side timer operation, the UE can enter survival time state after receiving the HARQ NACK with elapsed time exceeding the configured duration x. This Tx-side timer solution thus has equivalent functionality as N HARQ NACK solution, but at the same time it will be more robust towards loss of any of the intermediate NACKs. It is only critical for the UE to receive the last NACK (where duration x has passed) from the gNB which shall trigger entering the survival time state. An example is shown in Figure 1 below. Suppose for N HARQ NACK solution, N=2, i.e. corresponding DRB enters survival time state after receiving the 2nd retransmission grant. If the 1st retransmission grant is missing, survival time cannot be entered in N HARQ NACK solution. But for the combined HARQ NACK and Tx-side timer solution, survival time can be still entered when receiving the retransmission grant since elapsed time exceeds the configured duration x.


[bookmark: Fig_Comparison]Figure 1: Comparison of combined HARQ NACK and Tx-side timer solution vs. N HARQ NACK solution
[bookmark: Proposal_Triggering]Proposal 1: A combined HARQ NACK and Tx-side timer solution is used to determine whether to enter survival time state. When UE receives HARQ NACK, survival time for the corresponding DRB is entered if elapsed time since burst arrival time exceeds RRC configured duration.
A TP to TS 38.321 for combined HARQ NACK and Tx-side timer solution is provided in Annex.
[bookmark: Proposal_TP]Proposal 2: If proposal 1 is agreed, to incorporate the TP provided in Annex to TS 38.321 on the combined HARQ NACK and Tx-side timer solution.
The duration threshold 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).
[bookmark: Proposal_Unit]Proposal 3: The duration threshold is configured by RRC as a fraction of the CG periodicity.
One discussion point in email discussion “[Post115-e][513][IIoT] QoS survival time” [1] is whether to specify the details on how UE identifies the corresponding DRB that should enter Survival Time state. As the evaluation of survival time entry is based on HARQ NACK, and UE clearly knows which DRBs are included in the UL MAC PDU associated with the HARQ NACK, what needs to be specified can be something in high level like “When HARQ NACK is received, for DRBs configured with survival time and associated with the HARQ NACK, …”. No additional specification support is not needed. 
[bookmark: Obs_identification]Observation 1: Since survival time handling is configured per DRB, the UE is able to identify the DRB(s) associated with MAC PDU that receives HARQ NACK and decide whether the corresponding DRB(s) should enter Survival Time state.  
[bookmark: Proposal_Identification]Proposal 4: No additional specification support is needed to identify the corresponding DRB that should enter Survival Time state after receiving HARQ NACK.
Return to Normal Configuration
The survival time indicates to the communication service the time available to recover from failure. Based on the performance requirements defined by SA1 in Table 5.2-1 in TS 22.104, the Communication Service Availability (CSA) is related to survival time and reliability (considering the 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) while 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 autonomously 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.
[bookmark: Proposal_Return]Proposal 5: The UE autonomously triggers the transmission of Burst n+1 with enhanced reliability when Burst n fails; afterwards (i.e. after transmitting one burst with enhanced reliability) the UE returns to normal configuration (i.e. enhanced reliability is not used).

Conclusion
In this contribution, we discuss survival time handling. We have the following observation:
Observation 1: Since survival time handling is configured per DRB, the UE is able to identify the DRB(s) associated with MAC PDU that receives HARQ NACK and decide whether the corresponding DRB(s) should enter Survival Time state.
We propose the following:
Proposal 1: A combined HARQ NACK and Tx-side timer solution is used to determine whether to enter survival time state. When UE receives HARQ NACK, survival time for the corresponding DRB is entered if elapsed time since burst arrival time exceeds RRC configured duration.
Proposal 2: If proposal 1 is agreed, to incorporate the TP provided in Annex to TS 38.321 on the combined HARQ NACK and Tx-side timer solution.
Proposal 3: The duration threshold is configured by RRC as a fraction of the CG periodicity.
Proposal 4: No additional specification support is needed to identify the corresponding DRB that should enter Survival Time state after receiving HARQ NACK.
Proposal 5: The UE autonomously triggers the transmission of Burst n+1 with enhanced reliability when Burst n fails; afterwards (i.e. after transmitting one burst with enhanced reliability) the UE returns to normal configuration (i.e. enhanced reliability is not used).
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Annext TP to TS 38.321 on the combined HARQ NACK and Tx-side timer solution

[bookmark: _Toc29239836][bookmark: _Toc37296195][bookmark: _Toc46490321][bookmark: _Toc52752016][bookmark: _Toc52796478][bookmark: _Toc76574161]5.4.2.1	HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell with configured uplink (including the case when it is configured with supplementaryUplink), which maintains a number of parallel HARQ processes.
The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].
Each HARQ process supports one TB.
Each HARQ process is associated with a HARQ process identifier. For UL transmission with UL grant in RA Response or for UL transmission for MSGA payload, HARQ process identifier 0 is used.
NOTE:	When a single DCI is used to schedule multiple PUSCH, the UE is allowed to map generated TB(s) internally to different HARQ processes in case of LBT failure(s), i.e. UE may transmit a new TB on any HARQ process in the grants that have the same TBS, the same RV and the NDIs indicate new transmission.
The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant is given by REPETITION_NUMBER as follows:
-	For a dynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.1 of TS 38.214 [7];
-	For a configured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.3 of TS 38.214 [7].
If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.
For each transmission within a bundle of the dynamic grant, the sequence of redundancy versions is determined according to clause 6.1.2.1 of TS 38.214 [7]. For each transmission within a bundle of the configured uplink grant, the sequence of redundancy versions is determined according to clause 6.1.2.3 of TS 38.214 [7].
For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>	if the uplink grant was received in a Random Access Response (i.e. in a MAC RAR or a fallback RAR); or
2>	if the uplink grant was determined as specified in clause 5.1.2a for the transmission of the MSGA payload; or
2>	if the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery; or
2>	if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to clause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:
3>	if there is a MAC PDU in the MSGA buffer and the uplink grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload was selected; or
3>	if there is a MAC PDU in the MSGA buffer and the uplink grant was received in a fallbackRAR and this fallbackRAR successfully completed the Random Access procedure:
4>	obtain the MAC PDU to transmit from the MSGA buffer.
3>	else if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a fallbackRAR:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
3>	else if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a MAC RAR; or:
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
4>	if the uplink grant size does not match with size of the obtained MAC PDU; and
4>	if the Random Access procedure was successfully completed upon receiving the uplink grant:
5>	indicate to the Multiplexing and assembly entity to include MAC subPDU(s) carrying MAC SDU from the obtained MAC PDU in the subsequent uplink transmission;
5>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity.
3>	else if this uplink grant is a configured grant configured with autonomousTx; and
3>	if the previous configured uplink grant, in the BWP, for this HARQ process was not prioritized; and
3>	if a MAC PDU had already been obtained for this HARQ process; and
3>	if the uplink grant size matches with size of the obtained MAC PDU; and
3>	if none of PUSCH transmission(s) of the obtained MAC PDU has been completely performed:
4>	consider the MAC PDU has been obtained.
3>	else if the MAC entity is not configured with lch-basedPrioritization; or
3>	if this uplink grant is a prioritized uplink grant:
4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;
3>	if a MAC PDU to transmit has been obtained:
4>	if the uplink grant is not a configured grant configured with autonomousTx; or
4>	if the uplink grant is a prioritized uplink grant:
5>	deliver the MAC PDU and the uplink grant and the HARQ information of the TB to the identified HARQ process;
5>	instruct the identified HARQ process to trigger a new transmission;
5>	if the uplink grant is a configured uplink grant:
6>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers;
6>	start or restart the cg-RetransmissionTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
5>	if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:
6>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
5>	if cg-RetransmissionTimer is configured for the identified HARQ process; and
5>	if the transmission is performed and LBT failure indication is received from lower layers:
6>	consider the identified HARQ process as pending.
3>	else:
4>	flush the HARQ buffer of the identified HARQ process.
2>	else (i.e. retransmission):
3>	if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is not empty:
4>	for each DRB with the elapsed time since MAC PDU generation exceeding the configured survialTimeDuration:
5>	indicate entry into Survival Time state to upper layers for the DRB.
3>	if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty; or
3>	if the uplink grant is part of a bundle and if no MAC PDU has been obtained for this bundle; or
3>	if the uplink grant is part of a bundle of the configured uplink grant, and the PUSCH duration of the uplink grant overlaps with an uplink grant received in a Random Access Response (i.e. MAC RAR or fallbackRAR) or an uplink grant determined as specified in clause 5.1.2a for MSGA payload for this Serving Cell; or:
3>	if the MAC entity is not configured with lch-basedPrioritization and this uplink grant is part of a bundle of the configured uplink grant, and the PUSCH duration of the uplink grant overlaps with a PUSCH duration of another uplink grant received on the PDCCH; or:
3>	if the MAC entity is configured with lch-basedPrioritization and this uplink grant is not a prioritized uplink grant:
4>	ignore the uplink grant.
3>	else:
4>	deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process;
4>	instruct the identified HARQ process to trigger a retransmission;
4>	if the uplink grant is addressed to CS-RNTI; or
4>	if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:
5>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
4>	if the uplink grant is a configured uplink grant:
5>	if the identified HARQ process is pending:
6>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers;
5>	start or restart the cg-RetransmissionTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
4>	if the identified HARQ process is pending and the transmission is performed and LBT failure indication is not received from lower layers:
5>	consider the identified HARQ process as not pending.
When determining if NDI has been toggled compared to the value in the previous transmission the MAC entity shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI.
When configuredGrantTimer or cg-RetransmissionTimer is started or restarted by a PUSCH transmission, it shall be started at the beginning of the first symbol of the PUSCH transmission.
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